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Abstract

Pentaclethra Macrophylla stem activated carbon (PMSAC) was utilized as biomass derived
adsorbent for adsorption of Pb(I1), Cd(I1), Cu(ll) and Ni(ll) from aqueous solution. The activation
was chemically carried out using ZnCl, solution. The Physicochemica analysis of PMSAC
showed high fixed carbon and pore volume values. The Scanning Electron Microscope (SEM) and
Energy Dispersive X-ray were used to characterize the PMSAC. Simultaneous batch adsorptions
used to evaluate the optimal operational conditions for the adsorption showed initia metal ions
concentration (5 mg/L), solution pH (6), contact time (90 min), adsorbent dose (3.0 g for Cd(Il)
and 4.0 g for Pb(Il), Cu(ll) and Ni(ll), particle size (30 um) and carbonization temperature (400
°C). The Langmuir isotherm model gave better fit for the adsorption process. Dubinin-
Radushkevich isotherm indicates physica adsorption. The kinetics and thermodynamic parameters

were studied.
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I ntroduction

The increased widespread of heavy metals in the
environment as a result of anthropogenic activities
is posing significant hazard to human health as a
result of their toxicity and non-biodegradability in
the environment [1]. Industriad wastewaters are
major sources of heavy-metal contamination.

Heavy metals are dispersed widely in the
environment as a result of human and industrial
activities such as paper production, purification of
metals, metal finishing, manufacturing of
chemicals, mining operations, electroplating,
smelting and battery manufacturing. Some metals
such as lead, cadmium, nickel, arsenic, and
mercury are not useful in human wellbeing and
may be toxic and carcinogenic. Even, metals
regarded as essentia to life may become harmful at
very high levels of exposure [2]. Due to the
harmful effects of heavy metas in the

environment, treatment of industrial wastewater or
effluents before they are discharged is
recommended [3, 4].

A range of different methods exist for such
effluent treatment. For instance precipitation, ion
exchange, electro-coagulation, membrane filtration
and packed-bed filtration have been used in
removing heavy metals from wastewater [5-9].
Some of these methods have high operational cost,
partial meta removal, and requirement of
expensive equipment, high energy requirements
and toxic sludge disposal problems [10, 11]. For
instance when the concentration is low (<100
mg/L), the effectiveness of some of these methods
reduces drastically [12]. These conventional
technologies are too expensive to use or unable to
remove and recover heavy metals to a satisfactory
level [13]. Commercial activated carbons are
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equally expensive to use in such remediation [14]
hence, interest has shifted to the use of locally
available biomass to generate activated carbons
which are cheap and effective.

Biosorption offers a technically feasible,
robust and economically attractive aternative for
the removal of heavy metals from agueous solution
[15, 16]. The usefulness of biomaterials in
removing metal ions from agueous solution has
been investigated by severa researchers and all
have shown that the plant based adsorbents are
cheap [17-20]. In an effort to deepen the
knowledge of the simple technology with low-cost
adsorbent, eco-friendly and economical process,
the study was taken up to investigate the efficiency
of Stem Activated Carbon (SAC) made from a
tropica tree, Pentaclethra Macrophylla, known in
folk medicine to be anti-poison due to metals
ingestion, to remove heavy metals from agueous
solutions. The  kinetics, isotherms  and
thermodynamic features of the adsorption process
were a'so investigated.

Experimental
Plant description (pentaclethra macrophylla)

Pentaclethra Macrophylla caled the
African oil bean is a tropical tree in the family of
Leguminosae  (Mimosoideag) and grows
abundantly in Nigeria and other sub Saharan
countries. Pentaclethra macrophylla trees grow to
about 21 m in height and about 60 cm girth with a
low branching and an open crown [21]. Stem form
is usualy crooked and buttressed although some
are straight-stemmed making for good timber. P.
macrophylla is grown on the fringes of farms
mainly for its edible seed [22].

Sample collection and preparation

Pentaclethra Macrophylla Stem used for
this study was collected from Plant Science and
Biotechnology Departmental garden, University of
Nigeria Nsukka, Enugu State, Nigeria. A voucher
sample was deposited at the herbarium of the
Department after authentication by botanist from
the same Department. The samples were washed
severaly with water and air dried for 14 days.
They were later oven dried at 105 °C for 3 h. The
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sample was ground into powder using stainless
grinding mill. The dried powdered Pentaclethra
Macrophylla Stem was sieved into various sizes
using rotary sieve shaker [19]. The sieved fractions
were stored in different containers prior to
carbonization.

Carbonization of the pentaclethra macrophylla
stem powder

The carbonization of the adsorbent was
carried out according to the method used by Abdul
et a [22]. A 50 g mass each of dried Pentaclethra
Macrophylla Stem Powder were carbonized in a
muffle furnace at different temperature ranges 300
°C, 350 °C, 400 °C, 450 °C and 500 °C for 2 h each.
At the end of 2 h, each of the samples was allowed
to cool in desiccators for 3 h. Later the samples
were put in air tight bottle.

Activation of the carbonized adsorbent

The carbonized Pentaclethra Macrophylla
Stem (CPMS) was activated via chemical process
according to the method of Girgis et a [9] with
dlight modification. 40 g of each of the CPMS at
various temperatures ranges 300 °C, 350 °C,
400 °C, 450 °C and 500 °C were soaked in
250 mL of 25 % ZnCl, solution in five
different 500 mL beakers for 24 h. The
mixture was filtered after 24 h and the residue
neutralized with dilute HCI, washed with
deionized water to a pH 7.0. The samples were
then dried in a thermostatically controlled oven at
105 °C and later removed to cool a room
temperature. Each of the Pentaclethra
Macrophylla stem activated carbon (PMSAC) was
stored in an air tight bottle.

Preparation of metal ions solutions

The reagents used in this study were of
Andar grade and were supplied by BDH
laboratories, Germany. The reagents were used
without further purification. The stock solution of
concentration 1000 mg/L of Pb(I1l), Cd(l11), Cu(ll)
and Ni(ll) ions each was prepared by dissolving
calculated amounts of (Pb(NQOs),, Cd(NOs)..4H,0,
Cu(NO3)2.3H,0O and NiSO4-6H,0) in deionized
water. The working solutions were prepared by
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dilution of the Stock solutions (1000 mg/L) of the
individual metal salt (Pb(NOs3),, Cd(NOs),.4H,0,
Cu(NOs),.3H,O and NiSO4-6H,0) with double
digilled water to obtain different meta ion
concentrations thus 5 mg/L ,10 mg/L, 15 mg/L, 20
mg/L, 25 mg/L an 30 mg/L.

Physicochemical analysis

ASTM Standard methods [23] were used
to determine moisture, ash, and volatile matter
content. Horsfall et al method [24] was utilized to
estimate the fixed carbon content, pore volume,
porosity and bulk density of the adsorbent. Digital
pH meter and Conductimeter were used to
determine the pH and conductivity of PMSAC
respectively. Also Scanning Electron Microscope
(SEM: model: Phenom World ProX) was used to
observe the PMSAC surface structures. The
adsorbent zero point charge (pH zpc) was
estimated by the solid addition method devised by
Mall et a. [25]. The energy value was determined
using bomb calorimeter, Parr, (model 1281)
following the standard method ASTM D1989 — 95
[26].

Batch adsorption studies

Batch adsorption experiments were carried
out using 150 mL pretreated plastic bottles. The
studied adsorption parameters vaues were varied
to obtain the optimal conditions. The pH effect was
studied a pH ranges of 2 -10. The change in
adsorption with respect to initid metd ion
concentration was examined at ranges from 5 to 30
mg/L of each meta at optimal pH value of 6. The
effect of contact time was determined using a
duration range of 30 to 150 min. The adsorbent
dose was varied between 1.0 and 5.0 g. Particle
sizes of PMSAC between 30 and 150 um were
investigated. The effect of carbonization
temperature was examined a carbonization
temperature ranges from 300 to 500 °C. Also, the
effect of solution temperature was investigated at
temperature range from 305 to 325 K using a
thermostat water bath. A 50 mL volume of the
adsorbate was used throughout the adsorption
process. Whatman No. 42 filter paper was used to
filter the solution. The remaining amount of the
metal ions in the filtrate after elution was analyzed
with Perkin-Elmer Analyst 300 Atomic Absorption
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Spectrometer (AAS). The metal uptake capacity of
PMSAC biomass was calculated by simple
concentration difference method and percentage
removal of the metal ions was estimated by the
eguations 1 and 2.

d.=(C - Co)Viy (1)

OJe = Meta uptake capacity of the metal ions per
unit weight of PMSAC at equilibrium

(mg/g)

C; = Initial amount of metal ion in the solution

(mg/L),

C. = Metd ion concentration in the solution at
equilibrium

M = Mass of adsorbent (g)

The analyticad method was validated by
anaysis of blank samples in triplicates. The blank
samples were made to pass through all processes of
anaysis. Limit of detection (LOD) and Limit of
Quantiation (LOQ) were determined as shown in
the following equations:

LOD = Xbl + 3331
LOQ = Xbl + 10831

where Xb; is the mean concentration of the blank
and Sl is the standard deviation of the blank
[26]. The result of the analysis is presented in
(Table 1) below. Hence FAAS is a robust
technique for the metals determination.

Table1. LODsand L OQs, of analyzed metals.

Metal LOD LOQ

Hgg* Hgg*
Pb 0.30 0.90
Cu 031 0.96
cd 023 0.69
Ni 0.24 0.72

Results and Discussion
Adsorbent characterization

The physicochemica characteristics of the
adsorbent are shown in (Table 2). PMSAC had low
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percentage values of moisture, ash, and volatile
mater, an indication that the adsorbent has
relatively small particle density. It is known that
high ash content reduces the efficiency of an
activated carbon to adsorb metals and good
adsorbents usually have lower ash values [27]. The
fixed carbon of PMSAC was 82.8 % with pore
volume of 4.0 x 10 m*g, which was high. Bigger
pore volumes are required to adsorb bigger
molecules from agueous media. The bulk density
of the adsorbent (PMSAC) was higher than the
lower limit of bulk density (0.25 gml™) according
to AWWA [28]. The pH_,. of PMSAC showed that
the adsorbent is dightly acidic having pH vaue of
6.8. Adsorbent with pH values of 6 to 8 are most
useful in many applications [29].

Table 2. Physicochemical Propertiesof PM SAC.

Physical parameters Values
Moisture 42 %
Volatile matter 11.2%
Ash 18%
Fixed carbon 82.8%
Pore volume 40x10°m¥g
Bulk density 0.36 gml*
pH 6.8
Conductivity 301 uSlcm
Energy Value 1.8 K¥mol
The electrical conductivity of the

adsorbent (PMSAC) was 301 uS/cm. Conductivity
value gives an idea of the presence of leachable
materias considered asimpurity and undesirable in
pure and well prepared adsorbent [25]. The energy
value of PMSAC was high (1.8 KJmol). Energy
content shows the closeness to graphite carbon
alotrope the activated carbon is. Higher energy
values show efficient carbonization and good
activation leading to better quality activated
carbon.

Figure 1 shows the SEM image of PMSAC
which has irregular and porous surface structure.
(Fig. 2) presents the energy dispersive x-ray
spectrum of the adsorbent showing that it contains
mainly Carbon, Oxygen, and Phosphorus. Carbon
has the higher concentration value as shown in
(Table 3), indicating that the adsorbent (PMSAC)
ismainly of carbon.
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Figure 1. SEM Image of Pentaclethra Macrophylla Stem Activated
Carbon (PM SAC)
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Figure 2. Energy Dispersive X-ray Spectrum of PMSAC

Table 3. Elemental Analysisof PMSAC.

Element Element Element Confidence Concent- Error
Number  Symbol Name ration
6 C Carbon 100.0 62.1 38
8 (0] Oxygen 100.0 314 15
15 P Phosphorus 100.0 6.5 41

Effect of solution pH

The pH of a solution aters the surface
charge of the biosorbent and the extent of
ionization of the adsorbate. The effect of pH on
simultaneous adsorption Pb(I1), Cu(ll), Cd(ll) and
Ni(ll) by PMSAC is shown in (Fig. 3). It can be
seen that there was a peak adsorption at pH of 6.
The pH value of 6.0 was chosen to be the optimal
pH in this study for all other experiments. Several
reports indicated pH of 5 — 6 as optimum for
adsorption of Pb(ll), Cu(ll) and zZn (ll) from
aqueous solutions. [20, 30-33]. The adsorption
reduced as the pH values was lowered. Thisis due
more protonation of the active sites thereby
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making them less available to retain the studied
metal ions. When pH increases, formation of
hydroxylated complexes of the metal ions which
are soluble compete with the active sites hence
decreasing metal retention in the adsorbent [34,
19].
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Figure 3. Adsorption of Pb(Il), Cd(ll), Cu(ll) and Ni(ll) by
PMSAC at different pH values.

Initial metal ions concentration

The rate of meta ions adsorption by
adsorbent depends on the initid meta ions
concentration. The influence of initial metal ion
levels on the adsorption by PMSAC is presented in
(Fig. 4). The percentage removal for all the studied
metal ions decreased with increase in the amount
of metal ions from 5 to 20 mg/L. The percentage
removal was of the order: Pb(ll) > Cd(Il) >Ni(ll)
>Cu(ll) at equal concentrations. The decrease in
the percentage adsorption could be accounted for
by the fact that biosorbents have aready fixed
number of active sites which get saturated at higher
concentrations leading to lower percentage
removal of the metal ions by PMSAC [34].
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Figure 4. Adsorption of Pb(ll1), Cd(ll), Cu(ll) and Ni(ll) by
PMSAC at different initial metal ion concentrations
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Contact time

The effect of contact time on the removal
of Pb(ll), Cd(ll), Cu(ll) and Ni(ll) was
investigated at various contact time ranging from
30 to 150 minutes and the result is presented in
(Fig. 5). The optimal simultaneous removal of
Pb(l1), Cd(ll), Cu(ll) and Ni(Il) was reached at 90
minutes. At this time, the maximum amount of the
metal ions was adsorbed. The decreased uptake of
the metal ions was probably due to reduced
available active sites for adsorption as a result of
saturation of the active surface sites of PMSAC
with metal ions[2].
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Figure 5. Adsorption of Pb(ll), Cd(Il), Cu(ll) and Ni(ll) by
PM SAC at different contact time.

Adsorbent dosage

Increase in mass of PMSAC from 1.0 to
4.0 g led to a corresponding increase in the amount
of the metal ions. This resulted from an increase in
available active sites on the surface of the PMSAC.
The uptake of Pb(Il), Cu(ll) and Ni(ll) was
maximum at adsorbent dose of 4 g and 3 g for
Cd(Il). Thereafter no significant increase was
observed.

Particle size

The influence of the adsorbent particle
sizes on the adsorption of the metal indicated an
increase in percentage removal as the particle size
increased from 30 to 150 um. This could be
attributed to increased total surface area which
provided more active sites for adsorption [2].
With higher particle sizes, the active sites decrease
[30].
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Carbonization temperature

The results showed that adsorption of
metal ion by PMSAC increase with increase in
carbonization temperature and fairly decrease at
carbonization temperature above 400 °C. It was
earlier reported that the temperature of
carbonization affects the molecular arrangement of
the material by opening up more internal pores
[19].

Adsorption isotherm

The adsorption isotherms provide useful
information on sorption mechanism, surface
properties and affinity of the adsorbent [34]. The
Langmuir, Freundlich and Dubinin-Radushkevich
isotherms models were used to analyze the
equilibrium data. The results of the tests are shown
in Table 4. The Langmuir isotherm model assumes
that uptake occurs on a homogenous surface by
monolayer sorption without interaction between
adsorbed molecules [34, 35]. The linear form of
the Langmuir isotherm model is:

Where ¢ represents adsorption capacity of the
adsorbent (mg/g), K. is the Langmuir adsorption
constant (L/mg) and g, is the maximum adsorption
capacity of adsorbent (mg/g). The constants g, and
K. can be determined from the slope and the
intercept of the linear plot of CJ/qe against C.

The essential features, separation factor
(R)) of the Langmuir isotherm is expressed as.

RL:}EI'+KLCi] @)

Where C; is the initiadl metal ion concentration
(mg/L) and K_ is the Langmuir equilibrium
constant (L/mg). The R, value gives idea of the
nature of the adsorption process. Hence,
adsorption is termed irreversible (R. = 0),
favorable (0 < R. < 1), linear (RL. = 1) or
unfavorable (R. > 1) [34]. From Table 3, the
correlation coefficient (R?) for Langmuir isotherm
gave a good fit.
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The Freundlich isotherm model is mostly
used to non-ideal sorption on heterogeneous
surfaces. The linear form of the model equation is
[36]:

logg, =logK; +[%]|Ogce 5)

where K¢ (mg/g) and n are Freundlich adsorption
constants relating to adsorption capacity and
amount of the adsorbents respectively. A linear
plot of log ge versuslog C. estimates the constants.
In Freundlich isotherm model, if the value of n lies
between 1 and10, it is a favorable adsorption [35].
In this study, the value of n obtained for adsorption
of metal ions by the adsorbent (PMSAC) where in
the range 1.417 to 2.382 indicating a favorable
adsorption process.

Dubinin-Radushkevich (D-R) isotherm
model was also applied in the andysis of the
experimental data. The linear form of the D-R
isotherm moddl is:.

Ing, =Inq,, —Be? (6)

where [ relates to the mean free energy of
adsorption per mol of the adsorbate (mol2/J2),
On is equal to the theoretical saturation
capacity (mg/g) and ¢ is the Polanyi potentia
expressed as.

= RTIn(1+ %) @)

Given that R (¥mol K) is the gas constant
at absolute temperature T (K). The D-R constants
Om and S were estimated from the linear plot of In
O Versus €2,

The energy values obtained were below 8
KJmol (1581 - 3536 KJmal). Dubinin-
Radushkevich (D-R) isotherm model interpretation
is that adsorption with energy value below 8
KJmol occurs via physisorption [35]. All the
studied metal ions on adsorption onto PMSAC
were through physisorption process.

Although the Freundlich and Langmuir
isotherms gave the best fit to the experimental data
having regression coefficient (R®) values closer
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to 1, Dubinin-Radushkevich (D-R) isotherm was
best fit for Cd(l1) and Cu(ll) ions adsorption by
PMSAC.

Table 4. Result of isotherm modelsfor adsorption onto PM SAC.

ISOTHERM

MODELS Pb(ll)  Cd(ll)  Cu(ll)  Ni(l)
Langmuir model

aq. (mglg) 0.607 06468 03128 0.3939
K (L/mg) 3876 11739 3.3026 -5.2889
R? 0991 0949 0985  0.987
Freundlich model

Kr (mgfg) (mg/L)*" 1663 0731 0299 0195
N 2382 1923 2412 1417
R 0992 0992 0998  0.986
Dubinin-

Radushkevich model

G (My/g) 14202 1786 2983 0779
B (mol%kj?) -6.0x10® -2.0x107 -8.0x10® -1.0x10”
R? 0654 0921 0981 0751

Table 5. Langmuir equilibrium parameter (R_.) ranges for
adsor ption of Pb(11), Cd (I1), Cu(ll) and Ni(l1) unto PM SAC.

METAL IONS R. VALUES
Pb(I1) 0.839-0.160
Cd(I1) 0.616 —-0.120
Cu(l1) 0.953-0.207
Ni(I1) 0.781-0.398

The R valuesin Table 5 at different initial
adsorbate concentrations for all the metal ions used
in this study indicate a favourable adsorption
process.

Adsorption kinetics

Applications of adsorption kinetic models
to the experimental data were used to analyze the
adsorption rate and the possible adsorption
mechanism of the metal ions onto PMSAC. The
pseudo first order, pseudo second order and the
intraparticle diffusion equation kinetic models
were applied and the results as shown in Table 5.
The pseudo-first order kinetic model (Lagergren
eguation) is expressed as.

logge - a; =I09qe—(K%.303) ®
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where g; and ge represent the amounts of metal ions
adsorbed at time t and at equilibrium in (mg/g)
respectively. K, isthe pseudo-first order adsorption
rate constant (minY). A slope and intercept of the
plots of log(ge — qt) versust were used to estimate
the rate constant (K,) and Q. The pseudo-first
order equation was unfit to describe the kinetics of
the adsorption. The Pseudo secord-order kinetic
model assumes that chemisorption is the rate
determining step. The model equation is:

/o /Vque2 N (%jt ©)
So~ A ()

t = contact time (min), g and g, are the amounts of
metal ions adsorbed at time and at equilibrium in
(mg/g), K, = equilibrium rate constant of pseudo-
second order adsorption (g/mg min). The values of
de and K, were estimated from the slope and

intercept of the linear plot of % against t. The
t

(10)

initial sorption rate, h (mg/gmin), was got from the

eguation:
The pseudo-second order equation

provided the best fit to the experimental result.

The kinetic data were subjected to the
Weber and Morris intraparticle diffusion model
eguation anaysis thus:

Q.= Kidt% +1 (12)
Kig is the intraparticle diffusion rate constant
(mg/gmin®?) and | is the intercept. The intercept of
the plot indicated the boundary layer effect.
Intraparticle diffusion is assumed to be the sole
rate-determining step if the plot islinear and passes
through the origin [38].

In tables 5, high regression coefficient (R?)
values for al the metal ions and the presence of
the intercept (1) pointed to the presence of
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intraparticle diffusion as possible but not the sole
mechanism.

Adsorption thermodynamics

An increase in the metals ions adsorption
with increase in solution temperature from 305 to
325 K was recorded indicating an endothermic
process. Such increase could be as a result of a
more kinetic energy acquired by the meta ions
which makes the diffusion easier to the surface of
the adsorbent [19].

The standard free energy (AG°), enthalpy
change (AH°) and entropy change (AS’) were
evaluated to assess the feasibility of the adsorption
process. The AG° is related to the thermodynamic
equilibrium constant (Kc) thus:
AG° =RT InK, (13)
T = temperature (K)

R = ideal gas constant (8.314 Jmol K) and
Kc is defined by the equation:

C
Ke=C9,

and C, is the metal ion concentration adsorbed
from solution at equilibrium (mg/L) and C. is the
equilibrium metal ion concentration in solution

(mg/L).

The Gibb's free energy AG® is related to
the enthalpy change (AH°) and entropy change
(AS’) at a constant temperature by the Van't Hoff
equation as shown below:

0K, = _(AG%QT) _ _(AH%T) + (AS%J 15

The values of enthalpy change (AH®) and
entropy change (AS’) were estimated from the
slope and intercept of the plot (In Kc versus 1/T).
The thermodynamic parameter values are
presented in Table 5. Values of enthalpy change
(AH®) for al the metd ions are positive, indicating
the endothermic process. The positive entropy
change (AS’) indicated an increase of sorption at
the solid/liquid interface during the adsorption

(14)
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process [39]. An observed increase in the change
of AG® with increase in temperature indicates an
increased spontaneity of the process. The
magnitude of AH® gives an idea of the sorption
type. Hence, for physisorption AH® lies between
2.1-20.9 kJmol, while that of chemisorption isin
the range of 80-200 kJ¥mol [40]. Table 5 shows
the values of AH° for studied metals could be
ascribe to a physical adsorption process.

Conclusion

The present investigation showed that
Pentaclethra Macrophylla stem activated carbon
(PMSAC) can be successfully utilized as a low-
cost adsorbent for the simultaneous removal of
Pb(I1), Cd(11), Cu(ll) and Ni(ll) ions from aqueous
solution by batch adsorption method. The results
indicated that adsorption capacity of the adsorbent
was influenced by solution pH, initial metal ion
concentration, contact time, adsorbent dosage,
particle sizes, carbonization temperature and
solution temperatures. The result indicated that
Cd(ll) and Pb(Il) ions shows higher percentage
removal by PMSAC. The uptake of al the metal
ions decreased with increased in initial metal ions
concentration by PMSAC. The uptake of metal
ions increased with increase in the agitation time
till the equilibrium time (90 minutes) was reached.
Percentage of metal ions remova increased with
increase in adsorbent dosage due to increased
adsorption surface area and more active site. The
percentage adsorption of the meta ions onto the
adsorbent decreased with increased in particle size
of adsorbent due to a decrease in the adsorption
sites of the adsorbent. There was a sharp increase
in the percentage removal of mea ions unto
PMSAC at carbonization temperature ranges (300 -
400 °C) with a slight decrease at 450 °C due to
damaged cells of the adsorption site which enhance
the adsorption capacity.

The influence of solution temperature on
the adsorption shows a dlight increase in the
adsorption of the meta ions with increase in
sol ution temperature from 305 to 325 K, indicating
that the process is endothermic.

Equilibrium data fitted into the Langmuir
isotherm model for adsorption process having R.
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values less than 1. Dubinin-Radushkevich isotherm
model reveal that the adsorption process is
physisorption having the energy E value less than 8
KJmol [33].

The kinetic models tested indicated that
pseudo-second order as the best fit and the
presence of intraparticle diffusion during the
sorption of the metal ions. Furthermore, due to
high percentage removal of the metal ions from
aqueous solution suggest that Pentaclethra
Macrophylla stem activated carbon (PMSAC) has
potentials to be used as a cheap adsorbent.
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