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ABSTRACT

The increase in human population which prompted the need for the construction
of industries has led to indiscriminate discharge of industrial effluent by these
industries into our environment. This discharges most times contain heavy metal
which adversely affected the ecosystem. This research evaluates the adsorption
behaviour of activated carbon prepared from Hyphaenethebaica nut shells treated
with K,CO;3; for the treatment of heavy metal contaminated water. The
characterization was carried out using FTIR and SEM. The batch adsorption
technique was employed and the optimum adsorption was observed at adsorbent
dose of 0.6g, initial concentration of 60 ppm, temperature of 60°C. and at contact
time of 30 minutes. Optimum adsorption pH for the Heavy Metal adsorption was
found to be 2. The adsorption isotherms indicated that the Langmuir isotherm
model showed a better correlation (R? > 0.9) for the Heavy Metals compared to
Freundlich and Temkin isotherm model. The Pseudo second order adsorption
model best described the adsorption kinetics of the Heavy Metals on the
adsorbent. The value for the experimental adsorption capacity for Cu®*, Pb%*, Fe?*
and Zn?* are 3.83, 4.27, 3.92 and 3.15 respectively corresponded to the calculated
adsorption capacity for the pseudo-second-order model for the heavy metals
Cu?*,Pb?*,Fe?* and Zn?* calculated as 3.61, 3.71, 2.99 and 2.13 respectively and
were closer to the experimental adsorption capacity than the calculated adsorption
capacity for the pseudo-first-order model. The correlation coefficient, R? values
for the pseudo-second-order adsorption model for the heavy metals
Cu?*,Pb?* Fe?* and Zn?* are 0.39, 0.66.0.51 and 0.33 respectively. The AH® for
the heavy metals Cu?*,Pb?*,Fe?* and Zn?* with positive values of 24.99,

Keywords: 25.09,24.53 and 25.00 indicates that the adsorption was endothermic and and the
Kinetics, AS for the heavy metals Cu?*,Pb?*,Fe?* and Zn?* with values of 79.70, 80.16,78.66
Thermodynamics, and 79.79 expresses the affinity of the adsorbent for the heavy metal ions in the
Isotherm, adsorbate. The negative values of the AG® indicated that the adsorption of heavy
Heavy Metals, metal is spontaneous at the temperature under investigation. Thus, activated
Hyphean Thebaica, carbon from K,COs treated Hyphaenethebaica nut shells could therefore be used
Doum Palm. effectively for the remediation of heavy metals from industrial waste water.

INTRODUCTION (Saminuet al., 2021). Textile industries are characterized

The increase in human population which prompted the
need for the construction of industries has led to
indiscriminate discharge of industrial effluent by these
industries into our environment. This discharge most
times contain heavy metal which adversely affected the
ecosystem (Wong et al.,2018). Environmental pollution
could be the reason for the shortened life expectancy of
human in the world (WHO, 2003). Another point of
concern is the carcinogenic nature of some of the heavy
metals contained in most of these industrial effluents

by discharge of large quantities of waste water which
contains harmful chemicals due to the raw materials and
processes used in the manufacture of finished products
(Yusuff, 2004).

Activated carbons are porous materials which are
carbonaceous and are categorized by its applications due
to unique characteristics in various activities such as
treatment and desalination of water, wastewater and air
purification (Samsuriet al., 2014; Koshelevaet al., 2019;
Yousefet al., 2019). It is an adsorbent material with high
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degree of porosity and surface area (Samsuri et al. 2014;
Gopinath and Kadirvelu 2018; Morin-Criniet al., 2019).
Most activated carbon structures are made up of
functional groups such as phenols, lactones which are
responsible for the adsorption of contaminants. Also
found in the structures are, oxygen, hydrogen, sulphur
and nitrogen which are present as functional groups or
chemical atoms. The activation processes, type of
precursor and thermal purification are fundamental in
determining the functional groups which the adsorption
properties of the activated carbon depend on (Bhatnagaret
al., 2013; Yousefet al., 2019).

The complex nature of activated carbon products makes
it difficult to be classified on the basis of their behaviors,
surface characteristics and other fundamental criteria.
However, activated carbons are given a broad
classification for general purposes based on their sizes,
preparation methods, and industrial application as; i.
Powdered activated carbon (PAC) ii. Granular activated
carbon (GAC) iii. Extruded activated carbon (EAC)
(Chadaet al., 2012).

Powdered activated carbon (PAC) are made in a
particular form as powders or as fine granules with
particle size less than 1.00 mm and an average diameter
between 0.15 mm and 0.25 mm. Powdered activated
carbon present a large surface to volume ratio with a small
diffusion distance. These classes of activated carbon are
categorized by its carbon particle being retained on 50-
mesh sieves usually 0.297 mm (Chadaet al., 2012).
Granular activated carbon (GAC) has a comparatively
larger particle size compared to powdered activated
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carbon. Thus, granular activated carbon has smaller
external surface area and the diffusion of the adsorbate is
an important factor. These types of activated carbons are
best suited for adsorption of most gases and different
vapors because they tend to dissolve rapidly. Granular
activated carbons are also used in the treatment of water,
de-odorization and are also used in rapid mix basins
(Chadaet al., 2012).

Extruded activated carbon (EAC) is combined with
powdered activated carbon wusing a binder and
subsequently fused together then extruded into a
cylindrical shaped activated carbon block which has a
diameter ranging from 0.8mm to 130mm. Due to the low
pressure drop experienced and the elevated mechanical
strength and low dust content extruded activated carbon
are used mainly in gas phase applications (Chadaet al.,
2012).

Doum palm fruits (Hyphaenethebaica) are desert palm
tree which have edible oval fruit. The fruits are originally
found in the Nile Valley and are also cultivated very well
in the northern part of Nigeria. Doum palm belongs to the
palm family, Arecaceae. As displayed in figure 1, the tree
has a very unique appearance often each branch divides
again in a y form. Doum palm fruit is also a source of
potent antioxidants (Hsu et al., 2006). The trunk of a
doum palm is dichotomous and is also one of the most
important useful plants in the world. Also, roots, stems
and leaves of the palm fruit are used in medicine, ropes
and baskets (Orwaet al., 2009).
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MATERIALS AND METHODS

Sampling and Sample Pretreatment

The doum palm fruit were collected from the doum palm
trees in Yusuf Dantscho Memorial Hospital,Kaduna.

Description of sample

Doum palm are smooth and rectangular with rounded
edges, shiny brown when ripe. Its fresh weight is about
120g and dry weight is about 60g and each one containing
a single seed.

Doum palm also called goruba in northern part of Nigeria
have a large hairy seed in its middle which are edible with
a shiny orange-brown colour, chewy bitter-sweet taste;
very tough that to eat it one must have very strong healthy
teeth and gums. The part used in the research is the hard
nut shell right underneath the edible part of the doum
palm fruit.

Identification and authentication

The doum palm fruits were taken to the Department of
Biological Science Herbarium of Nigerian Defence
Academy for proper identification and authentication.
After identification and authentication, reference number
NDA/BIOH/2023/02 was issued.

Pretreatment and packaging

Primarily, doum palm fruits were scraped to reveal the
doum palm nut shells and then washed to remove husk
and dirt from the surfaceand dried in the oven for four
hours at 105 °C. The dried doum palm nut shells were
ground and segregated to granular mesh size (2 mm)(Tan
et al., 2007).

Preparation of precursor

Exactly 200g of the pretreated doum palm nut shells was
weighed and transferred into a beaker and mixed with the
67g of the activating agent (K2COs) in the ratio of 1:3 of
activating agent against pretreated doum palm nut shell.
Subsequently, 1000cmideionised water was added to
dissolve the activating agent in the mixture, followed by
drying overnight and further thermal treatment in the
oven at 200 °C for 2 h and then stored in an air tight
container (Tan et al., 2007).

Carbonization

The prepared precursor was put into the furnace and
thermal treated at 500°C for 3hours.The resulting
materials was cooled and washed with hot deionised
water until the pH of the filtrate was nearly 7. The
activated carbon thus obtained was finally smoothened,
stored an air tight container and properly labeled for next
level of experimental investigations (Tan et al., 2007).

Adsorbent characterization
The activated carbon was characterized using SEM and
FTIR.

Preparation of Reagents

The multi-element heavy metal solution (1000mg/l) was
prepared by diluting 0.25g copper sulphatepentahydrate
(CuS04.5H;0), 1.60g of lead nitrate Pb(NOs),, 1.24g zinc
oxide in 25ml 6N HCI and 6.67g of ferrous ammonium
sulfate hexahydrate (NH4)2Fe(SO4)2.6H20 in 100ml of
distilled water in a 1000 ml volumetric flask and then
made up to the mark.

A 100mg/l solution was prepared from the multi-element
heavy metalsolution by measuring 100ml of the
previously prepared 1000mg/l multi-element heavy
metalsolution in a 1000ml volumetric flask and filling to
the mark with distilled water. The solution was then
labeled accordingly for further experiment.

Adsorption Experiment

Batch experiments was performed on magnetic stirrer at
30°C to investigate the effect of adsorbent dosage, contact
time, pH, initial concentration and temperature on
adsorption of heavy metal (Cu?*,Fe?*,Zn?" and Pb?*) over
the activated carbon.

Effect of adsorbent dosage:Exactly 50ml of 100mg/I
multi-element solution was measured into a cleaned
250ml conical flask and 0.2g of the adsorbent was added
and corked. The solution was stirred using a magnetic
stirrer for 30min at 150 rotations per minute (rpm).The
solution was then filtered and the filtrate analyzed using
AAS for the metal ions. The experiment was repeated for
0.4,0.6, 0.8 and 1.0g of the adsorbent (Onyeji & Aboje
2011).

Effect of contact time: Exactly 50ml of 100mg/l multi-
element solution was measured into a cleaned 250ml
conical flask and 0.6g of the adsorbent was added and
corked. The solution was stirred using a magnetic stirrer
for 20min at 150 rotations per minute (rpm).The solution
was then filtered and the filtrate analyzed using AAS for
the metal ions. The experiment was repeated for 30,40,50
and 60 minutes of contact time between the adsorbate and
adsorbent (Ekpete et al., 2010).

Effect of pH: Exactly 50ml of 100mg/l multi-element
solution was measured into a cleaned 250 ml conical flask
and pH of the adsorbate adjusted to pH 2 using 0.1M HCI
and 0.6g of the adsorbent was then added and corked. The
solution was stirred on a magnetic stirrer for 30min at 150
rotations per minute (rpm).The solution was then filtered
and the filtrate analyzed using AAS for the metal ions.
The experiment was repeated over a pH range of 4 and 6
(Onyeji & Aboje, 2011).
Effect of temperature:
temperature/thermodynamics was studied for the
prepared heavy metal solutions by varying the
temperature at which the reaction takes place at optimized
conditions of adsorbent dose, contact time and pH. The
temperatures of interest are: 40°C, 50°C and 60°C.
Exactly 50ml of the mixtures of adsorbate and adsorbent

The effect of
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were kept in 250ml conical flasksand stirred on a
magnetic stirrer at 150rpm. The mixtures were filtered
immediately usingWhatman filter paper. The filtrates
were then analyzed for heavy metals using AAS. Thus,
the optimum temperature was determined (Ekpete et al.,
2010).

Effect of initial concentration: To investigate the effect
of concentration, 20mg/l from the 100mg/l heavy metal
solution was prepared by transferring 5ml of the heavy
metal solution into a 100ml volumetric flask and made up
to the mark using distilled water and 0.6g of the adsorbent
was added to 50ml of the solution and the pH adjusted
using 0.1M HCI to 2. The mixture was then corked and
stirred on a magnetic stirrer for 30min at a speed of
150rpm at room temperature. This procedure was
repeated for 40mg/l and 60mg/l respectively. The
Whatman filter paper was used to filter the mixture and
the filtrate analyzed using AAS (Onyeji & Aboje, 2011).

Adsorption isotherm studies

Adsorption isotherms for the remediation of heavy metals
were investigated for 20,40 and 60 mg/l initial metal ion
concentrations using optimum conditions of adsorbent
dose, contact time, pH and temperature and stirred on a
magnetic stirrer at 150 rotation per minute (rpm). The
solutions were then filtered and the filtrate analyzed using
AAS for the metal ions. Three isotherm models, namely
Freundlich,Langmuir and Temkin, were employed.

Adsorption thermodynamics

Exactly 50ml of the multi-element heavy metal solution
in a 250ml conical flask was mixed with 0.6g of the
adsorbent under optimum conditions of contact time,
initial concentration and pH at temperature of 40°C was
stirred on a magnetic stirrer at 150rpm.The mixtures were
filtered immediately usingWhatman filter paper. The
filtrates were then analyzed for heavy metals using AAS
for the metal ions.This procedure was repeated at 50 and
60°C respectively.

Adsorption kinetics

Exactly 50ml of the multi-element heavy metal solution
in a 250ml conical flask was mixed with 0.6g of the
adsorbent under optimum conditions of temperature,
initial concentration and pH at a contact time of 20
minutes and was stirred on a magnetic stirrer at
150rpm.The mixtures were filtered immediately
usingWhatman filter paper. The filtrates were then
analyzed for heavy metals using AAS for the metal
ions.This procedure was repeated for 30, 40, 50, and 60
minutes respectively.

RESULTS AND DISCUSSION

Characterization of the Adsorbent

Surface morphology of the activated carbons was imaged
by the use of a Scanning Electron Microscope (SEM) and
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then the functional groups present on the activated carbon
before and after adsorption was analyzed using Fourier
transform infrared spectroscopy (FTIR).

Scanning electron microscope (SEM)

Scanning Electron Microscope (SEM) of the adsorbent
was used to determine the pore structure of the activated
carbon and it is displayed in Figure 2 and 3.

The surface structures of precursors were imaged to be
rough and uneven. Substantial amount of pore structure
exists on the surface with a series of rough cavities being
distributed over the surface of adsorbent. This was due to
the breakdown at high temperature accompanied by
evaporation of the volatile compounds leaving the
adsorbent with well-developed pores. During the
activation process, the C-K,CQj3 reaction rate increased,
as thus resulting in the carbon ‘‘burn off’” which resulted
in development of good pores on the adsorbent. The C-
K2COs reaction also increased the porosity of activated
carbon and also resulting in the creation of new pores due
to the loss of volatile components and carbon in the form
of CO and CO; (Auta and Hameed 2011). The
physiochemical treatment was effective in producing
porous adsorbent thus increasing the surface area.

As seen from Figures 2 and 3, the adsorbent prepared by
activating doum palm nutshell with potassium carbonate
shows the presence of several micropores structure of
different sizes. The images were taken at the
magnifications of 5000x and 7000x with an objective lens
aperture of 50 um and 20um respectively. At this
magnificent and field depth, micropores were visible.
These pores serve as the active sites, where adsorption of
the heavy metals takes place.

Fourier transform infrared spectroscopy (FTIR)
Fourier transform infrared (FTIR) spectra and absorption
bands of K,COs; impregnated doum palm nut shell
activated carbon before and after heavy metal uptake
were recorded in the range of 4000-500cm as depicted
in Figure 4 and 5. The spectra showed that the activated
carbon retained some functional groups. In the spectrum
of the activated carbon before adsorption the
characteristic absorption of alkenes(-C=C),ether(C-O)
and ethers at 670.9cm™,1051.1cm? and 1203.9cm
respectively. Other functional groups observed were
amines (N-H) and nitriles (C=N) at 1558.0 and 2322.1cm"
1 respectively. The intense peaks at 3906.3cm-
13649.1cm1,3589.4cm™ and 3354.6cm™ are assigned to
the stretching vibration of hydroxyl group (O-H) band
(Hidayat 2017) (Nurmiyanto et al., 2016).

The spectrum of the activated carbon after adsorption of
the heavy metal was characterized by shifts in the position
and intensities of bands when compared to the spectrum
of the activated carbon before adsorption. This indicates
that interactions were established during the heavy metal
remediation process. The shift in the band of the hydroxyl
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group (O-H) from 3906.3cm™ in the case of before
adsorption to 3753.4cm*! after adsorption, highlighted the
existence of hydrogen bonding by the activated carbon
and the heavy metals.

A similar phenomenon was reported by Abel et al. (2022)
for cadmium ion entrapment process and Mone et al.

Figure 3: SEM images of adsorbent at X 7000

(2020) for the heavy metal uptake by chitosan grafted
adsorbent (Mone et al., 2020). Other shifts in peaks
assigned to C-H and C-O groups, after adsorption of
heavy metal reveals that the groups are involved in the
remediation of heavy metals (Liu et al., 2020).
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Figure 5: FTIR Spectra for activated carbon after adsorption
Table 1: Effect of contact time on the remediation of heavy metals
Time(min)/Cu? Co mg/l (Cu®) Ce mgl/l Qe %Re
20 100 34.2 5.48 65.8
30 100 5.46 7.88 94.54
40 100 7.67 7.69 92.33
50 100 26.47 6.13 73.53
60 100 17.99 6.83 82.01
Time(min)/Pb?* Co mg/I (Pb?") Ce mg/l Qe %Re
20 100 24.03 6.33 75.97
30 100 11.67 7.36 88.33
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40 100 18.08 6.83 81.92
50 100 38.59 5.12 61.41
60 100 32.15 5.65 67.85
Time(min)/Zn?* Co mg/l (Zn?) Ce mg/l Qe %Re
20 100 31.55 5.70 68.45
30 100 4.29 7.98 95.71
40 100 13.89 7.18 86.11
50 100 14.49 7.13 85.51
60 100 19.27 6.73 80.73
Time(min)/Fe?* Co mg/l (Fe?) Ce mg/l Qe %Re
20 100 36.72 5.27 63.29
30 100 14 8.22 98.60
40 100 3.71 8.02 96.29
50 100 19.01 6.75 80.99
60 100 9.18 7.57 90.82
Table 2: Effect of adsorbent dose on remediation of heavy metals
Dose/Cu?* Co mg/l (Cu?®) Ce mgl/l Qe %Re
0.2g 100 39.19 15.20 60.82
0.4g 100 26.2 9.22 73.80
0.69 100 3.93 8.01 96.07
0.8g 100 26.43 4.60 73.53
1.0g 100 34.99 3.25 65.01
Dose/Pb?* Co mg/l (Pb?) Ce mg/l Qe %Re
0.2g9 100 2.5 23.45 93.80
0.4g 100 3.12 12.11 96.90
0.6g 100 6.2 8.25 99.00
0.8g 100 1 6.09 97.50
1.0g 100 2.61 4.87 97.39
Dose/Zn%* Co mg/l (Zn?) Ce mg/l Oe %Re
0.2g 100 31.55 17.11 68.45
0.4g 100 24.09 9.49 75.91
0.69 100 13.89 7.18 86.11
0.8g 100 14.49 5.34 85.51
1.0g 100 22.57 3.87 77.43
Dose/Fe?* Co mg/l (Fe?) Ce mg/l Qe %Re
0.2g9 100 0.99 24.64 98.60
0.4g 100 1.44 12.37 99.01
0.6g 100 3.71 8.27 99.18
0.8g 100 0.82 6.13 98.09
1.0g 100 1.91 4.81 96.29

Effect of Contact Time

The efficiency of an adsorbent in the remediation of
heavy metal depends a lot on the time of adsorption.
Hence, the need to study the effect of contact time in the
adsorption of the heavy metals Zn?*, Pb?* Fe?*, Cu?".
From the result shown in Tables 1 the rate of adsorption
of Cu?*, Pb?*, Zn?*Fe?* tends to increase with increase in
contact time from 20min to 30min. However, after 30min,
the percentage adsorption started decreasing slowly until
the time reached 50min.

This trend could be explained by the fact that a
considerable number of vacant site were available for
adsorption during the initial stage of the experiment and
once the equilibrium time was attained, the number of

vacant site became less (Obiora and Onukwuli, 2013).
Similar trends were observed by (Mustapha et al., 2019)
and (Ogwuche et al., 2015). This indicates that the
maximum adsorption was reached at 30min as further
increase in time did not result in any significant change in
the percentage removal of the heavy metal.

Effect of Adsorbent Dose

The dosage of the adsorbent used in adsorption is a very
relevant parameter in the study of adsorption as it
indicates the optimum dosage at which maximum
removal of the heavy metal occurs. Table 4 show the
percentage removal of the heavy metal at varying
adsorbent doses in the dose range of 0.2g to 1.0g. The
trend in adsorption shows the percentage removal
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increases with increasing adsorbent dosage from 0.2g to However, as we move from 0.6g to 1.0g, the percentage
0.6g. This can be explained by the fact that the number of removal decreased. This can possiblybe because; the
available adsorption sites as well as the surface area binding sites on the activated carbon get saturated through
increase by increasing adsorbent dose and therefore, the adsorption process. This observed trend is in
results in the increase in amount of remediated heavy agreement with the results obtained for other system of

metal. adsorbent (Tan et al., 2008 and Yu et al., 2008).
Table 3: Effect of pH on the remediation of heavy metals

pH/Cu? Co mg/l (Cu®) Ce mgl/l Qe %Re

2 100 3.69 8.03 96.31

4 100 43.64 4.70 56.36

6 100 56.97 3.59 43.03

pH/Pb?* Co mg/l (Pb?*) Ce mg/l Qe %Re

2 100 9.32 7.56 90.68

4 100 13.31 7.22 86.69

6 100 57.09 3.58 42.91

pH/Zn? Co mg/l (Zn?) Ce mg/l Qe %Re

2 100 15.61 7.03 84.39

4 100 23.59 6.37 76.41

6 100 15.61 7.03 53.73

pH/Fe?* Co mg/l (Fe*) Ce mg/l Qe %Re

2 100 0.86 8.26 99.14

4 100 2.24 8.15 97.76

6 100 3.09 8.08 96.91
Table 4: Effect of temperature on the remediation of heavy metals

TEMP°C/Cu®* Comg/l (Cu**) Cemgll Qe %Re

40 100 30.7 5.78 69.29

50 100 14.8 7.10 85.19

60 100 7.45 7.71 92.55

TEMP°C/Pb** Co mg/l (Pb*) Ce mgll Qe %Re

40 100 71.3 2.39 28.7

50 100 62.33 3.14 37.67

60 100 41.09 491 58.91

TEMP°C/Zn?* Comg/l (Zn?*) Ce mgll Oe %Re

40 100 7.39 7.72 92.61

50 100 5.18 7.91 94.83

60 100 3.02 8.08 96.98

TEMP°C/Fe?* Comg/l (Fe**) Cemgll Qe %Re

40 100 39.22 5.07 60.78

50 100 24.54 6.29 75.46

60 100 39.22 5.07 82.34
Table 5: Effect of concentration on the remediation of heavy metal

Co mg/l (Cu®) Ce mg/l Qe %Re

20 12.08 0.66 39.58

40 25.2 1.23 58.00

60 14.02 3.83 64.95

Co mg/l (Pb?*) Ce mg/l Qe %Re

20 16.82 0.27 15.88

40 14.46 2.13 75.90

60 8.81 4.27 77.98

Co mg/l (Zn?) Ce mg/l Qe %Re

20 7.42 1.05 62.90

40 14.49 2.13 63.48

60 13.01 3.92 75.85
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Co mg/l (Fe?) Ce mg/l Qe %Re

20 12.26 0.65 38.69

40 36.82 0.27 38.63

60 22.21 3.15 44.48
Effect of pH Effect of Temperature

The degree of ionization of the sorbent and the surface
charge of the adsorbent during the adsorption process is
an important parameter in adsorption which is determined
using pH. Tables 4 show the percentage removal of the
heavy metal. It was observed that the remediation of the
heavy metals decreases as the pH increases.

As the pH of the heavy metal solution increases from 2 to
6, a resulting decrease in the percentage removal of the
heavy metal was observed. The trend observed can be
explained by the possibility that at low pH, the surface of
the adsorbent would be surrounded by hydronium ions,
which might enhance the interaction of the heavymetals
with the binding sites of the adsorbent by greater
attractive force and hence improved its uptake on
adsorbent (Memon et al., 2008). Conversely, a reduced
adsorption percentage was observed at higher pH which
can be credited to increase in OH" leading to the formation
of aqua-complexes thereby retarding the adsorption
(Tiwari and Kathane, 2013). At higher pH values, the
degree of dissociation of the group at the adsorbent
surface is high and both the adsorbent and solutes occur
in their negatively charged forms. The adsorption is
consequently not favored due to the presence of some
electrostatic repulsion, between the molecules and the
surface adsorbent (Tiwari and Bind, 2014).

Adsorption Isotherm Studies

Table 5 show the effect of temperature on the remediation
of heavy metal by the adsorbent. It was observed that the
amount of heavy metal removed increases as the
temperature increases suggesting that the adsorption was
endothermic in nature. As the temperature increases, a
considerable progressive increase was observed. This
behavior could be attributed to better interaction between
the adsorbent, creation of new adsorption sites and
increased intra-particle diffusion at higher temperatures.
This observed trend is in agreement with the results
obtained and observed as a trend for the adsorption of
metal ions by (Mustapha et al., 2019).

Effect of Initial Concentration

The percentage of heavy metal removed was shown on
Tables 5. It was observed as a trend that the percentage
heavy metal remediated increased as the concentration of
the heavy metal solution is increased. The increase in
concentration of heavy metal solution allows it to
overcome the resistance to the mass transfer of the heavy
metal between the aqueous and solid phase which also
improved the interaction between the heavy metal
solution and the adsorbent (Chang et al., 2011). Other
researchers (Tiwari and Bind, 2014) observed similar
trends in the adsorption of dichlorvos.

Table 6: Showing the adsorption isotherm parameters and values

Cu? Co(mg/l)  Ce(mg/l) 1/Ce logCe InCe ge(mg/g)  1/Qe logQe
20 6.08 0.16 0.78 1.81 1.16 0.86 0.06
40 11.02 0.09 1.04 2.39 2.42 0.41 0.38
60 14.2 0.07 1.15 2.65 3.82 0.26 0.58
Fe? Co(mg/l) Ce(mg/l) 1/Ce logCe InCe ge(mg/g)  1/Qe logqe
20 7.12 0.14 0.85 1.96 1.07 0.93 0.03
40 12.89 0.08 1.11 2.56 2.26 0.44 0.35
60 13.92 0.07 1.14 2.63 3.84 0.26 0.58
Pb% Co(mg/l) Ce(mg/l) 1/Ce logCe InCe ge(ma/g)  1/qe logQe
20 5.2 0.19 0.72 1.65 1.23 0.81 0.09
40 9.62 0.10 0.98 2.26 2.53 0.39 0.40
60 11.33 0.09 1.05 2.43 4.06 0.25 0.61
zn? Co(mg/l) Ce(mg/l) 1/Ce logCe InCe ge(mg/g)  1/Qe logQe
20 7.42 0.13 0.87 2.00 1.05 0.95 0.02
40 13.01 0.08 1.11 2.57 2.25 0.44 0.35
60 14.49 0.07 1.16 2.67 3.79 0.26 0.58
Lagmuir Isotherm Freundlich Isotherm Temkin Isotherm
Metal Qmax KL R? 1/n Kt R? Br Kr R?
Cu? 5.01 0.03 0.99 1.42 2.92 0.99 3.01 0.23 0.88
Fe? 3.09 0.04 0.93 1.66 4.04 0.80 3.32 0.19 0.54
Pb? 5.50 0.04 0.97 1.43 2.58 0.92 3.22 0.27 0.74
Zn* 2.73 0.04 0.96 1.73 4.48 0.86 3.45 0.18 0.63
Journal of Basics and Applied Sciences Research Volume 2(1)
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Adsorption Isotherm

The interaction of solute with the adsorbent is described
by adsorption isotherm. The R? value correlation
coefficient was used to judge the applicability of the
isotherm models for this adsorption study.

Freundlich adsorption isotherm

An effective relationship that describes the adsorption of
a solute from a liquid to the surface of a solid is the
Freundlich adsorption isotherm, and is used for
describing the adsorption characteristics for the
heterogeneous surface (Thouria et al., 2017). It is a
relationship between the amount of heavy metal adsorbed
by the adsorbent per unit mass of the adsorbent material
(ge) and the concentration of the heavy metal solution at
equilibrium (Ce).

The constant Ky is an indicator of the adsorption capacity
of an adsorbent, whereas, 1/n shows the function of the
strength of adsorption in the adsorption process (Voudrias
et al., 2002). If the value of n=1, the partition between the
liguid and solid phases are independent of the
concentration of the adsorbate. If the value of 1/n is less
than one it suggests a normal adsorption. On the other
hand, 1/n being greater than one indicates cooperative
adsorption (Mohan and Karthikeyan 1997).

The Kt and n are parameters of the adsorbent-adsorbate
system, which has to be determined by data fitting and
linear regression is generally employed in determining
the parameters of kinetic and isotherm model (Guadalupe
et al., 2008). The linear least-squares method and the
linearly transformed equations have been widely applied
to correlate sorption data where 1/n is a heterogeneity
parameter, the smaller 1/n, the greater the expected
heterogeneity. This expression reduces to a linear
adsorption isotherm when 1/n = 1. If n lies between one
and ten, this indicates a favorable sorption process
(Goldberg 2005). From the data in Table 7, that value of
1/n for the heavy metals Cu?*,Fe?*Pb%* and Zn?* s
1.42,1.66,1.43 and 1.73 while n for the heavy metals
Cu?*,Fe**Pb?>* and Zn* is 0.705,0.602,0.669 and
0.577indicating that the sorption of the heavy metals unto
the activated carbon is not favourable and the R? value for
the heavy metals Cu?*,Fe?*,Pb?* and Zn?*is 0.986,0.801,
0.918 and 0.863.

Lagmuir adsorption isotherm

The lagmuir isotherm model assumes that the adsorption
of the adsorbate occurs uniformly at the active sites of the
activated carbon and once an adsorbent fully takes up a
site, no further adsorption of the adsorbate can take place
at that occupied site.

Mohammed et al.,
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q. = the amount of metal adsorbed per gram of the
adsorbent at equilibrium (mg/g).

Qmax= Maximum monolayer coverage capacity (mg/g)
K; = Langmuir isotherm constant (L/mg).

The essential features of the Langmuir isotherm is usually
expressed in terms of equilibrium parameter (R.), a
dimensionless constant known as the equilibrium

parameter.
1

= (1+KLCo) @)

Where: C, = initial concentration K; (Langmuir Constant)
= the constant that is related to the energy of adsorption.
The values of R_ suggests whether the adsorption is
irreversible (R. = 0), favourable (0 < R.< 1) or linear or
unfavourable (R =1 or R.> 1).

For this adsorptionresearch work, gmq, (the maximum
monolayer coverage capacity) from Langmuir Isotherm
model for the heavy metals Cu®*,Fe?* Pb®* and Zn?*was
determined to be 5.006mg/g,3.088mg/g, 5.497mg/g and
2.729mg/gK; (Langmuir isotherm constant) for the heavy
metals Cu?*,Fe?*,Pb?* and Zn?*is 0.030 L/mg,0.036 L/mg,
0.035 L/mg and 0.037 L/mg R (the separation factor) for
the heavy metals Cu?*,Fe?*,Pb%* and Zn?* is 0.36, 0.32,
0.32 and 0.31 indicating that the equilibrium sorption was
favourable and the R? value for the heavy metals
Cu®*Fe**Pb?>* and Zn*is 0.99,0.93,0.97 and 0.96
proving that the sorption data fitted well to Langmuir
Isotherm model. The results are in agreement with the
work of (Mustapha et al., 2019).

R,

Temkin isotherm

This isotherm contains a factor that clearly takes into
account the interaction of the adsorbent-adsorbate. The
isotherm is based on the assumption that due to the
repulsions between adsorbent-adsorbate the heat of
adsorption decreases linearly as the coverage of
molecules and the adsorption of adsorbate is uniformly
distributed. (Temkin and Pyzhev, 1940).

The Temkin isotherm data are also shown in Table 4.7.
The values of correlation coefficient, R? value for the
heavy metals Cu?*,Fe?*,Pb?* and Zn?* is 0.88,0.54,0.74
and 0.63.and Ky value for the heavy metals
Cu?* Fe?*,Pb?* and Zn?*adsorption is estimated to be 0.23,
0.19, 0.27 and 0.18 respectively. The poor correlation
coefficient, R2, for heavy metal indicates that the model
does not fit into the data. From the tables 7, it is clear that
Lagmuir adsorption isotherm is the most favoured in the
adsorption process with the value of the correlation
coefficient obtained from the three models for all the four
heavy metals (R 0.9).
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Table 7: Showing the adsorption thermodynamics

Mohammed et al.,

JOBASR2024 2(1): 177-194

(Cu**)T(°C) T(KELVIN) 1/T Co(mg/l) Ce(mg/l) Qe KL InKL R
40 313 0.003195 60 451 4.62 1.02 0.02 8314
50 323 0.003096 60 3.82 4.68 123 021 8314
60 333 0.003003 60 2.63 4.78 182 059 8314
AG°K J/mol  Intercept Slope R? AH°KJ/mol  AS°(J/mol/K)

-0.05 9.59 -3005.64 0.91 24.99 79.70

-0.56

-1.66

(Fe?)/ITCCC) T(K) uT Co(mg/l) Ce(mg/l) Qe KL InKL R
40 313 0.003195 60 4.46 4.63 1.04 0.04 8314
50 323 0.003096 60 3.76 4.69 125 022 8314
60 333 0.003003 60 2.58 4.79 186 0.62 8.314
AG°K J/mol Intercept Slope R? AH°(KJ/mol) AS°(3/mol/K)

-0.10 9.64 -3017.26  0.91 25.09 80.16

-0.59

-1.72

(Pb?) T(KELVIN) 1T Co(mg/l) Ce(mgll) Qe KL InKL R
40 313 0.003195 60 4.35 4.64 1.06 0.06 8.314
50 323 0.003096 60 3.55 4.70 132 0.28 8314
60 333 0.003003 60 2.56 4.79 187 0.63 8.314
AG°K J/mol Intercept Slope R? AH°(KJ/mol) AS°(J/mol/K)

-0.15 9.46 -2950.5 0.96 24.53 78.66

-0.75

-1.73

(Zn2*) T(KELVIN) 1T Co Ce Qe KL InKL R
40 313 0.003195 60 4.53 4.63 1.02 0.02 8314
50 323 0.003096 60 3.74 4.69 125 0.22 8314
60 333 0.003003 60 2.62 4.78 182 059 8314
AG°K J/mol Intercept Slope R? AH°(KJ/mol) AS°(J/mol/K)

-0.052 9.59 -3007.38  0.93 25.00 79.79

-0.59

-1.66

Thermodynamics Study ASe = AHZAG (6)

By computing the amount of heavy metals adsorbed at
various time of adsorption, the rate constant k. was
determined at each temperature values of 40°C,50°C and
60°C. The thermodynamic study was carried out at
various  temperature  values, exploring  other
thermodynamic parameters such as AG°=Gibb-free
energy, AH=Enthalpy and AS°=Entropy of adsorption.
Enthalpy was gotten from the slope of the plot of 1/T
against Ink_ as shown in the graphs while the values of
AS° and AG® were calculated using the equations;

AG° = —RTInk, )

AG = AH — TAS ©)

—RTInk, = AH — TAS (4)

Ink, = -2 42 (5)
RT R

T

The positive values of enthalpy (AH) indicate that the
adsorption process was endothermic in nature, while the
positive values of AS expresses the affinity of the
adsorbent for the heavy metal ions in the adsorbate,
indicating an increase in adsorbate concentration in the
adsorbent-adsorbate interface. The thermodynamic
parameters show that the adsorption of metal ions is non-
spontaneous at low temperature, while spontaneity occurs
at high-temperaturevalues. The adsorption of the heavy
metal is spontaneous at the temperatures under
investigation as seen by the negative values of free energy
(AG). Similar results was reported on different types of
adsorbent in the research by (Ahmed et al., 2015).
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Table 8: Showing the adsorption Kinetics

Mohammed et al.,
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Cu? Time(min) Ci(mg/l)  Ce(mg/l) ge(mg/g) qt(mg/g)  (ge-qt) In(ge-qt)  t/qt
20 60 48.72 3.83 0.94 2.89 1.06 21.28
30 60 34.17 3.83 2.15 1.68 0.52 13.94
40 60 35.34 3.83 2.06 1.78 0.57 19.46
50 60 3491 3.83 2.09 1.74 0.55 23.91
60 60 36.11 3.83 1.99 1.84 0.61 30.14
Pb% Time(min) Ci(mg/l) Ce(mg/l) ge(mg/g) qt(mg/g) (ge-qt) In(ge-qt) t/qt
20 60 44.03 4.27 1.33 2.94 1.08 15.03
30 60 31.67 4.27 2.36 1.91 0.65 12.71
40 60 32.18 4.27 2.32 1.95 0.67 17.25
50 60 38.59 4.27 1.78 2.49 0.91 28.02
60 60 32.15 4.27 2.32 1.95 0.67 25.85
Zn?* Time(min) Ci(mg/l) Ce(mg/l) ge(mg/g) qt(mg/g) (ge-qt) In(ge-qt) t/qt
20 60 47.15 3.92 1.07 2.85 1.05 18.68
30 60 30.25 3.92 2.48 1.44 0.37 12.10
40 60 32.02 3.92 2.33 1.59 0.46 17.16
50 60 34.71 3.92 2.11 1.81 0.59 23.72
60 60 35.64 3.92 2.03 1.89 0.64 29.56
Fe? Time(min) Ci(mg/l) Ce(mg/l) qge(mg/g) qt(mg/g) (ge-qt) In(ge-qt) t/qt
20 60 45.72 3.15 1.19 1.96 0.67 16.81
30 60 36.13 3.15 1.99 1.16 0.15 15.08
40 60 38.71 3.15 1.77 1.38 0.32 22.55
50 60 37.67 3.15 1.86 1.29 0.25 26.87
60 60 39.01 3.15 1.75 1.40 0.34 34.30
Table 9a: Parameters of pseudo-first-order Kinetic model for heavy metal adsorption
Pseudo-First-Order Model
Heavy Metals Intercept Slope ge(mg/g) k1l R? ge(exp)
Cu? 1.01013 -0.01 2.745958 -0.000145 0.1621 3.83
Pb?* 1.0173 -0.01 2.765717 -0.000093 0.21035 4.27
Fe?* 0.85781 -0.006 2.357991 -0.000099 0.12816 3.92
Zn 0.5732 -0.006 1.773935 -0.000095 0.20745 3.15
Table 9b: Parameters of pseudo-second-order Kinetic model for heavy metal adsorption
Pseudo-Second-Order Model
Heavy Metals  Intercept Slope ge(mg/g) k2 R? ge(eXp)
Cu?* 10.66625 0.277 3.610108 0.007194 0.38951 3.83
Pb?* 4.98683 0.26966 3.708374 0.014582 0.65779 4.27
Fe?* 6.88962 0.33383 2.995537 0.016175 0.50546 3.92
Zn** 4.40973 0.46779 2.137711 0.049624 0.32511 3.15

Kinetic Adsorption Study

In order to investigate the mechanism of adsorption of
heavy metals, pseudo-first-order and pseudo-second-
order kinetics models were employed to the equilibrium
data obtained from the effect of contact time. Table 9
shows the comparison between the values of the qe
(adsorption rate constant) and R? (correlation coefficient)
linked to the pseudo-first-order and pseudo-second-order
adsorption of the heavy metals.

The value for the experimental adsorption capacity for
Cu?*, Pb?*, Fe?* and Zn?" are 3.83, 4.27, 3.92 and 3.15
respectively. From the table 5.0a and 5.0b, it can be seen
that, the corresponding calculated adsorption capacity for

the pseudo-second-order model for the heavy metals
Cu?*,Pb?*,Fe?* and Zn?* were closer to the experimental
adsorption capacity than the calculated adsorption
capacity for the pseudo-first-order model.

The correlation coefficient, R? values for the pseudo-
second-order adsorption model are higher than that of the
pseudo-first-order adsorption model, which suggest that
the adsorption is dependent on the initial concentration.
This concludes that, the pseudo-second-order adsorption
is best suited in describing the adsorption kinetics of the
heavy metals on the Hyphaene thebaica. The pseudo-
second-order model relies on the assumption that
adsorption may be the rate limiting step (Gupta and

Journal of Basics and Applied Sciences Research

Volume 2(1)

| 288 |



Kinetics and Thermodynamics of...

Rastogi, 2009). Therefore, the rate limiting step for this
study is an indication of chemisorption.

CONCLUSION
The activated carbon was imaged by means of scanning
electron microscope. The images taken at the

magnifications of 5000x and 7000x showed that
micropores were visible as a result of the physiochemical
treatment thus increasing the surface area. The FTIR
spectroscopic technique was employed in identifying the
various functional groups present on the activated carbon,
showed that the spectrum of activated carbon, showed
that, the spectrum of activated carbon after adsorption of
the heavy metals was characterized by shifts in the
position and intensities of bands when compared to the
spectrum of the activated carbon before adsorption,
indicating that interaction were established during the
remediation of the heavy metal. The optimization studies
showed maximum adsorption at the following conditions:
contact time (30min), adsorbent dose (0.6g), pH (2),
temperature  (60°C) and adsorbate concentration
(60mg/l). The Lagmuir, Freundlich and Temkin isotherm
model were tested and Lagmuir isotherm model was
found to be most fitted for the adsorption process with the
value of the correlation coefficient obtained from the four
heavy metals being greater than or equal to 0.9. The
kinetic of adsorption study was tested with pseudo-first-
order and pseudo-second-order models. The correlation
coefficient R? wvalue for the pseudo-second-order
adsorption model was higher than that of the pseudo-first-
order which implies that pseudo-second-order is more
favoured. Thermodynamic parameters (AG°,AH° and
AS®) obtained at various temperature were positive for
AH® and AS which indicates that the adsorption was
endothermic and expresses the affinity of the adsorbent
for the heavy metal ions in the adsorbate. The negative
values of the AG°® indicated that the adsorptionof
heavymetal is spontaneous at the temperature under
investigation.
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