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Application of waste Delonix regia pods and leaves for the
sorption of Ph(ll) ions from aqueous solution: kinetic and
equilibrium studies

Bolanle M. Babalola, Adegoke O. Babalola, Habibat O. Adubiaro,
Olushola S. Ayanda, Simphiwe M. Nelana and Eliazer B. Naidoo

ABSTRACT

The removal of Pb(ll) ions from synthetic wastewater using Delonix regia pods and leaves as low-cost
biosorbents was investigated. The elemental, morphological and phase characterization of
Delonix regia pods and leaves were examined before and after biosorption. The adsorption process
at various pH values, contact times, initial concentration of Pb(ll) ions and adsorbent doses was
studied with the aim of investigating the consequences of these parameters on the process of
biosorption. The Langmuir adsorption isotherm provided the best fit for the experimental data of the
pods while the Freundlich isotherm gave a better fit for the leaves of Delonix regia. The optimum
adsorption capacity of 30.27 mg/g for the pods and 27.60 mg/g for the leaves was achieved when
0.5 g of the adsorbent was mixed with 20 mL of 1,000 mg/L Pb(ll) ions solution for 30 minat21+2°C
and a stirring speed of 18 rpm. The data obtained from the time-dependent experiment of the
biosorbents followed the pseudo-second-order kinetic model. This study showed that Delonix regia
pods and leaves could be developed further as a low-cost sorbent that could be harnessed for
removing Pb from industrial wastewater and thus limit water pollution from point sources.
Key words | adsorption capacity, Delonix regia, Freundlich isotherm, kinetic models, Langmuir
isotherm, Pb(ll) ions
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Pollution of heavy metals is an issue requiring great atten-
tion all over the world due to their persistent nature and
toxicity for living organisms and the environment. Lead
(Pb) has been found to be present in many industrial waste-
waters (Davydova 2005), thereby causing immense health
and environmental issues. It is one of the most toxic pollu-
tants introduced into the environment because of its
various uses, such as in pipes, type metal, plumber’s
solder, lead acid batteries, projectiles, roofing sheets,
cables, projectors, lead crystal glassware, ammunition, elec-
trodes in the process of electrolysis, etc. (Gilbert & Weiss
20006). In the human body, Pb has no useful purpose and

doi: 10.2166/wqrj.2019.045

Downloaded from http://iwaponline.com/wqrj/article-pdf/54/4/278/669663/wqrjc0540278.pdf

bv auest

its presence has negative effects on every organ or system,
and is especially damaging to children (Woolf et al. 2007)
and the developing foetus. Pb can result in unwanted
situations such as kidney damage, disruption of the bio-
synthesis of haemoglobin, disruption of nervous systems,
brain damage, anaemia, subtle abortion, rise in blood
pressure, etc. (Niu et al. 1993; Gaballah & Kilbertus 1998;
Karthika ef al. 2010; Papandreou et al. 201). Conventionally,
heavy metals are removed through various remediation
treatment methods which include phytoremediation, pump
and treat, chemical precipitation, reverse osmosis and ion
exchange, but the major disadvantages of these methods
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are their high cost and the generation of large amounts of
waste sludge whose disposal will constitute another environ-
mental issue. Therefore, it is very important to find eco-
friendly means of removing Pb(II) ions from industrial
wastewater as this is a major means through which it
enters the environment. Previous studies have investigated
the use of various low-cost adsorbents for removing Pb(II)
ions. Ayanda et al. (2016) examined the kinetics, equilibrium
and thermodynamics of the adsorption of Pb(II) ions onto
coal fly ash (a waste generated during the coal combustion
process). The authors reported that the maximum percen-
tage removal of Pb(II) ions achieved with fly ash was
98.94% at pH 7. Filote et al. (2019) studied the removal of
Pb(II) from aqueous solution by the biorefinery macroalgae
waste of Fucus spiralis. The maximum adsorption capacity
predicted by the Langmuir model was 132 + 14 mg/g at
pH 4.5 and temperature of 20 °C. The application of coffee
husk biomass waste for the adsorption of Pb(II) ions from
aqueous solutions was investigated by Alhogbi (2017).
Alhogbi stated that the adsorption equilibrium of Pb(II)
ions was achieved after 60 min with 98% (19.02 mg/g)
removal efficiency and that the sorption kinetics data
fitted well with the pseudo-second-order model.

Delonix regia is a species of flowering plant in the family
Fabaceae. 1t is a moderately sized fast growing deciduous
tree. The leaves are bipinnated, and flowers appear in cor-
ymbs along and at the ends of branches. The pods are
green and flaccid when young and turn dark brown and
woody. Delonix regia is generally regarded as agricultural
waste, but the pods and leaves could serve as a good adsor-
bent by way of having limited valuable use other than seed
dispersal. Ponnusami ef al. (2009) examined methylene
blue removal from aqueous solution using gulmohar
(Delonix regia) plant leaf powder. Moreover, the application
of Delonix regia pods as a sorbent for crude oil spill in water
was reported by Onwuka ef al. (2016). Authors have also
reported the development of activated carbon from Delonix
regia for the treatment of contaminants in aqueous solution,
for example, the preparation of activated carbon from
Delonix regia for the removal of reactive red (RR-120) and
reactive blue (RB-4) dyes (Louis et al. 2018). Louis et al
(2018) reported that the decolourization efficiency achieved
was approximately 98% for the dyes and that the kinetics
of the adsorption process was best represented by the
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pseudo-second-order kinetic model. Activated carbon pre-
pared from Delonix regia pods was likewise used by
Subramani et al. (2014) for the removal of acid blue 15,
acid red 114 and acid violet 17. It was stated that the adsorp-
tion data fitted the Langmuir isotherm and pseudo-second-
order Kkinetic equation with the highest dye removal
(>95%) obtained at pH 2.

There are limited reports on the application of Delonix
regia pods and leaves for the removal of toxic metal ions
in aqueous solution. Therefore, in the present study, the
investigation of unmodified low-cost Delonix regia pods
and leaves for the removal of Pb(II) ions from synthetic
wastewater was considered. The investigation involves
studying the biosorption capacities, equilibrium and the kin-
etics of Pb(II) ions biosorption.

MATERIALS AND METHODS

Chemicals and reagents

All the chemicals used throughout the experiments were of
analytical reagent grade and were used without further purifi-
cation. Lead trioxonitrate (V) salt (Pb(NOs),), nitric acid
(HNOs5) and sodium hydroxide (NaOH) were obtained from
Sigma Aldrich, USA. A stock solution of 1,000 mg/L of
Pb(II) ions was prepared by dissolving Pb(NOs), with
deionized water in 1 L volumetric flasks. The working standard
solutions were prepared from the stock solutions by serial
dilution to the required concentration. HNO3 and NaOH
(0.1 M) were used for the adjustment of pH where necessary.
Delonix regia pods and leaves were collected from EKkiti
State University, Ado-Ekiti. The pods and leaves were washed
thoroughly with deionized water and air dried, broken down
into small pieces, and then the seeds were separated from the
pods and were ground in a blender to fine dry powder.

Characterization of Delonix regia pods and leaves

The elemental composition of the pods and leaves of
Delonix regia was determined by energy dispersive spec-
troscopy (EDS) attached to a scanning electron
microscope (Nova Nano SEM 230). The scanning electron
microscope and transmission electron microscope (FEI
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Tecnai G 20) were used for the morphological studies,
whereas X-ray diffraction (Siemens D8 Advance Bruker
XRD) was used for phase characterization.

Biosorption experiments

A quantity of 0.5 g of the ground pods or leaves was weighed
into 150 mL tubes, and 20 mL of 100 mg/L Pb(II) solution
of pH 1.0-8.0 was added. Stirring was conducted for 5 h,
after which the suspensions were centrifugated and analysed
for their metal content using inductively coupled plasma-
optical emission spectroscopy (ICP-OES; Variance Liberty
II). pH values of 4 and 5 were observed to be the optimum
Pb(II) ion removal by the pods and the leaves of Delonix
regia, respectively; these pH values were kept constant and
used for further studies. To optimize the sorption process,
other parameters such as the effect of contact time, initial
Pb(II) ion concentration, biosorbent dose and ionic strength
on the sorption capacities of Delonix regia pods and leaves
were investigated.

Sorption kinetic was conducted by adding 0.5g of
Delonix regia (pods or leaves) to 20 mL of Pb(II) ions
solution and shaken on a mechanical shaker at 18 rpm; at
intervals of 0.5, 1, 3, 5, 15, 30, 60, 120, 180, 240, 300 min,
the suspensions were centrifuged and analysed to determine
the residual Pb(II) ions concentration in the aqueous sol-
utions. An initial Pb(II) ion concentration of 100 mg/L

Figure 1 | SEM (a) and TEM (b) micrographs of Delonix regia pods.
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was used for all experiments except the experiment for mod-
elling the isothermal parameters in which case 1, 5, 20, 50,
100, 200, 400, 500 and 1,000 mg/L Pb(II) ions were used.

The percentage Pb(II) ions’ removal was calculated
with Equation (1) and the amount of Pb(II) ions adsorbed
(g (mg/g)) was calculated using Equation (2) (Omidvar-
Hosseini & Moeinpour 2016):

Co—C

% Removal = c
(]

% 100 (1)

go="0Cexv @)

where C, and C, (mg/L) are the initial and equilibrium con-
centration of the Pb(II) ions’ solution, respectively, V (mL) is
the volume of the solution and W (g) is the mass of Delonix
regia used.

The desorption of bound Pb(II) ions from the spent bio-
mass was achieved with different concentrations of HNOs.

RESULTS AND DISCUSSION

Characterization

The spongy nature with porous structure of the pods’ and
leaves’ surfaces was indicated by SEM (Figures 1(a) and
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2(a)) and TEM (Figures 1(b) and 2(b)) micrographs. Such
structural characteristics may enhance the uptake of the
Pb(II) ions from aqueous solution.

The EDS of Delonix regia leaves showed the surface of
the adsorbent to be composed of 66.79% C, 32.97% O and
traces of Ca and K, whereas the pods are composed of
57.61% C, 41.15% O and traces of K.

The X-ray diffractogram of the pods and leaves of
Delonix regia (Figure 3) revealed its carbonaceous compo-
sition. Native cellulose ((CgH100s5),) was identified in
Delonix regia, the peak at 22.15° for pods and 21.36° for
the leaves may be due to the amine, hydroxyl, aldehydic

and ketonic groups of the hemicellulosic moieties (Oyedeji
et al. 2017). Thus, the pods and leaves are rich in cellulosic
material (Onwuka et al. 2016), which may provide sites for
the binding of organic and inorganic pollutants.

Sorption studies
pH
pH is a crucial factor in the uptake of heavy metals from

aqueous solution. The solubility of metals and level of ioniz-
ation during adsorption is pH dependent as hydrogen ions

Figure 2 | SEM (a) and TEM (b) micrographs of Delonix regia leaves.
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Figure 3 | X-ray diffractogram of Delonix regia pods and leaves.
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occupy some of the binding sites (Vimala & Das 2009).
Figure 4 shows the results for the pH study of the sorption
of Delonix regia pods and leaves for Pb(II) ions.

From Figure 4, the points of major change in the percen-
tage of Pb(II) ions adsorbed are between pH 1 and 3; after
these values the percentage adsorbed was constant through-
out the pH range tested in this study. At pH 2, a percentage
adsorption of 86.13 was recorded for pods while for the
leaves it was 73.98%. These values increased to 97.96 and
86.83% for pods and leaves, respectively, as pH increased
to 3. A slight increase to 98.22% (3.6 mg/g) adsorption in
pods was recorded at pH 4, while for the leaves, adsorption
was 90.22% at the same pH value. An increase in pH to 5
had no effect on the percentage adsorption when the pods
of Delonix regia were tested while the leaves registered a
maximum sorption of 94.66% (2.9 mg/g) at pH 5. Further
increase in pH to 6 and 7 resulted in a slight decreased
sorption of Pb(II) ions for the leaves while sorption was
unchanged in the case of the pods. A decrease to 93.25
and 93.85% was recorded at pH 6 and 7 for the leaves’ sorp-
tion. The decrease in the percentage sorption at these higher
pH values may be the result of hydrolysis of Pb(II) ions to
Pb(OH), and Pb(OH)3 accompanied by precipitation of
these metal hydroxides (Pehlivan ef al. 2008; Omidvar-
Hosseini & Moeinpour 2016). Metal ion uptake by biosor-
bents may involve complexation, coordination, chelation,
ion exchange and adsorption (Volesky 1990). The fact that
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Figure 4 | pH study of the sorption of Pb(ll) ions on Delonix regia pods and leaves.
Experimental conditions: pH: 2-8; contact time: 300 min; Pb(ll) ions’ concen-
tration: 100 mg/L; volume of Pb(ll) ions: 20 mL; biosorbent dose: 0.5 g; stirring
speed: 18 rpm; temperature: 21 + 2 °C.
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the adsorption process is dependent on the pH of the adsor-
bate shows that electrostatic attraction and ion-exchange are
involved in the binding mechanism of Pb(II) ions by Delonix
regia pods (Pehlivan et al. 2008). During the ion-exchange
binding mechanism, the proton on the acidic amine group
of the biomass may likely be displaced by Pb(II) ions and
thus binding occurs in the anionic sites of the biomass.

All experiments involving pods and leaves of Delonix
regia were thus conducted at pH 4 and 5, respectively.
Researchers who investigated sugar beet pulp and other bio-
sorbents reported similar values in their work (Saeed et al.
2005; Bulut & Baysal 2006; Pehlivan et al. 2008).

Time dependence study and kinetic modelling

For process efficiency, a good biosorbent should be able to
sorb a reasonable amount of the adsorbate within a few min-
utes of contact with the aqueous solutions. The rapid uptake
of metals by the biosorbent is desirable, providing for short
contact time of solution-biosorbent in the actual process.
The plots in Figure 5 show the time dependence study of
the biosorption of Pb(II) ions on Delonix regia pods and
leaves; approximately 98.4% (4.13 mg/g) uptake was
achieved from the first 5 min of contact with the pods and
this percentage was maintained throughout the 300 min of
this study. For the biosorption involving the leaves, 91.3%

adsorption was recorded within 5 min, this was increased
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Figure 5 | Time dependence of Ph(ll) ions’ sorption on Delonix regia pods and leaves.
Experimental conditions: pH: 4 and 5 for the pods and leaves, respectively;
contact time: 0.5-300 min; Pb(ll) ions’ concentration: 100 mg/L; volume of

Pb(ll) ions: 20 mL; biosorbent dose: 0.5 g; stirring speed: 18 rpm; temperature:
21+2°C.
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to 93.3% in 10 min and 94.1% (2.9 mg/g) in 15 min, after
which it reduced to 91.3% and 90.7% at 30 min and
60 min, respectively. At 120 min, a percentage adsorption
of 87.5% was observed, and afterwards, an increase to
88.3% and 90.6% was observed at 180 and 240 min. From
the result obtained during the adsorption experiment,
adsorption and desorption were observed after 15 min of
contact with both pods and leaves. In all subsequent exper-
iments in this study, an adsorption time of 30 min was used
for easy handling and laboratory setup.

Experimental adsorption data of time dependence was
used for the kinetic modelling and it fitted the pseudo-
second-order equation shown in Equation (3):

L S -
Qt k2,angq Qeqt

where k3,4 is the pseudo-second-order rate constant for
adsorption (g/mg/min); contact time, ¢, (min); Q; sorption
uptake at any time ¢ and Q,, (mg/g) is equilibrium sorption
uptake.

The applicability of the pseudo-second-order kinetics is
established by the linearity of the plot of #/Q; versus ¢
(Figure 6), where Q. and k3,4 (Table 1) are obtained from
the slope and intercept, respectively (Ho & McKay 1998,
1999a, 1999b). The pseudo-second-order kinetic depends on
the assumption that chemisorption is the rate-limiting step
(Ayanda et al. 2013). Therefore, the Pb(II) ions stick to the
biosorbent surface by forming a bond and tend to find
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Contact time (min)

Figure 6 | Pseudo-second-order kinetics plot of the adsorption of Pb(ll) ions on
Delonix regia pods and leaves.
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Table 1 | Kinetic parameters

Delonix regia Qeq (ME/g) K,aq (8/mg/min) R?
Pods 4.12 0.98 0.9999
Leaves 2.76 0.69 0.9997

sites that maximize their coordination number with the
surface.

Equilibrium modelling

To overcome all the mass transfer resistances of the metal
between the two phases (aqueous and solid), energy pro-
vided by an initial concentration of adsorbate is a major
force (Kulkarni et al. 2014).

Figure 7 shows that the percentage adsorption was
99.3% when 20 mg/L of Pb(II) ions’ solution was in contact
with Delonix regia pods. This sorption remained fairly con-
stant until 100 mg/L was used, after which it decreased
slightly to 98.2% (7.4 mg/g) at 200 mg/L of Pb(II) ions’ sol-
ution and a further decrease to 93.4% (21.2mg/g) was
observed at 500 mg/L to 65.8% (30.3 mg/g) at 1,000 mg/L.
The percentage of Pb(II) ions adsorbed with the leaves
increased from 58.2% at 1 mg/L to 83.3% when 5 mg/L of
Pb(II) ions solution was used. The percentage adsorption
was 82.7% when 100 mg/L of Pb(II) ions’ solution was in
contact with Delonix regia leaves. It decreased slightly to
81.4% (7.5 mg/g) and 80.2% (16.4 mg/g) at 200 mg/L and
500 mg/L of Pb(II) ions solution, respectively. A decrease
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Figure 7 | Effect of initial Pb(ll) ions’ concentration. Experimental conditions: pH: 4 and 5
for the pods and leaves, respectively; contact time: 30 min; volume of Pb(ll)
ions: 20 mL; biosorbent dose: 0.5 g; stirring speed: 18 rpm; temperature:
21+2°C.
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Figure 8 | Plots of the Langmuir isotherm for the adsorption of Pb(ll) ions by Delonix regia
pods and leaves.

to 63.0% (27.6 mg/g) was observed at 1,000 mg/L. This
trend observed in the percentage of Pb(II) ions adsorbed
was because there is a fixed number of binding sites on
the biomass and once these are occupied a further increase
in concentration will lead to a decrease in the percentage
adsorption; that is, increasing the initial metal concentration
will lead to adsorption increase provided the binding sites
are not saturated (Igwe & Abia 2007).

An equilibrium isotherm is crucial in the development
of the sorption system, as it provides details on the capacity
of the sorbent (Aksu & Tezer 2000). It is described by con-
stants that estimate the properties of the surface and its
affinity for the pollutant. To determine the isotherm par-
ameters for the adsorption of Pb(II) ions onto Delonix
regia pods and leaves, the modelling of the equilibrium
data for the biosorption of Pb(II) ions were obtained by
using the Langmuir and Freundlich isotherms.

The monolayer adsorption capacity (Q,, mg/g), and b,
the Langmuir constant related to the energy of adsorption,
were calculated from the Langmuir isotherm represented
by Equation (4):

The plots of C./Q, against C, shown in Figure 8 were
employed to calculate the Langmuir constants, whose
values are presented in Table 2. The R? values obtained
for the Langmuir plots (Figure 8) confirm that the adsorp-
tion process of Pb(Il) ions onto Delonix regia pods suits
the Langmuir adsorption model. The calculated adsorption
capacity (Q, ¢z = 31.15 mg/g) and the experimental adsorp-
tion capacity (Qo (exp) =30.27 mg/g) for the pods are very
close. This is not the same for the leaves (Table 2).

A dimensionless equilibrium separation factor, Ry,
expresses important characteristics of the isotherms, rep-
resented by Equation (5) (Arami ef al. 2005):

1

Ry, shows whether the adsorption is favourable or not.
When R; = 0 the isotherm is irreversible; 0<R; <1 indicates
favourable; R; =1 is a linear isotherm and R;>1 is termed
unfavourable. The Ry values obtained from this study are
shown in Figure 9. The Ry, for the initial Pb(II) ions’ concen-
trations for the Delonix regia pods are found in the range
0.012-0.387, and 0.642-0.988 for the Delonix regia leaves.
These values suggested favourable biosorption of Pb(II)
ions onto Delonix regia under the conditions of the
experiment.

Equation (6) is the linear equation of the Freundlich iso-
therm used to explain sorption in heterogenous surfaces
(Freundlich 1907). From this equation, log Q, was plotted
against log C, (Figure 10), such that the Freundlich constants
ks and n could be determined from the intercept and slope,
respectively.

1
log Q. = logk; + ﬁlogCe (6)

Ce 1 G ks is the Freundlich constant which is related to the
e _ - L= 4) . . . .
Q 0Qy Qo adsorption capacity and 7 is the Freundlich model constant
Table 2 | Langmuir and Freundlich isotherm constants

Langmuir isotherm Freundlich isotherm
Delonix regia Qo car (Mg/g) b(L/mg) R? Qo (exp) ME/E ke (mg/g(L/mg)"" n R
Pods 31.15 7.9x1072 0.9985 30.27 0.95 1.32 0.6242
Leaves 333.3 5.58x107* 0.1805 27.60 0.14 1.03 0.9772
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Figure 9 | Plot of the initial Pb(ll) ions’ concentration versus R;.
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Figure 10 | Plots of the Freundlich isotherm for the sorption of Pb(ll) ions on Delonix regia
pods and leaves.

indicating the intensity of adsorption. The Freundlich iso-
therm gave a better fit with the sorption of Pb(II) ions on
the leaves of Delonix regia. The value of n between 1 and
10 is an indication of a favourable adsorption process
(Ayanda et al. 2013).

Effect of sorbent dose on adsorption

Figure 11 presents the result obtained when different quan-
tities of Delonix regia pods and leaves were used, while
keeping all other experimental parameters constant. From
the result, changing the doses of the biomass has little
effect on the percentage adsorption of Pb(II) ions recorded.
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Figure 11 | Effect of sorbent dose on the adsorption of Pb(ll) ions on Delonix regia pods
and leaves. Experimental condition: pH: 4 and 5 for the pods and leaves,
respectively; contact time: 30 min; Pb(ll) ion concentration: 100 mg/L; volume
of Pb(ll) ions: 20 mL; biosorbent dose: 0.5 g; stirring speed: 18 rpm; temp-
erature: 21+ 2°C.

Approximately 86% adsorption was recorded when
0.25g and 0.5g of Delonix regia leaves were used but
when the doses were increased to 0.75 g and 1.0 g, the per-
centage adsorption was increased to 87% and 88%,
respectively. Percentage adsorptions of 97, 98, 98 and 99%
were recorded when 0.25, 0.5, 0.75 and 1.0 g of Delonix
regia pods were used, respectively. These percentage
increases do not correlate with the increase in the doses of
the biomass.

Effect of ionic strength

The effect of inorganic salts (NaCl) on Pb(II) ions’ biosorp-
tion at different ionic strengths was also considered. The
results showed that the presence of NaCl has little or no
effect on the removal efficiency of Pb(II) ions (Figure 12).
With the increase of ionic strength from 0.001 to 0.05 M
NaCl, the removal of Pb(II) ions slightly increased from
99.3% to 99.9% for the pods and from 94.7% to 97.7% for
the leaves.

There is no appreciable difference in the removal effi-
ciency of Pb(II) ions due to increased competition for the
adsorption sites between Pb(II) ions and Na™ ions present
in the solution. Moreover, the increase in the solution
ionic strength could have also led to the formation of ion
pairs between Pb(II) ions and CI~ present in solution that
reduced the activity of free Pb(II) ions. Other inorganic
salts such as KCl, MgCl,, ZnCl,, Na,SO, or Na;PO, need
to be further studied.
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Figure 12 | Effect of ionic strength on the adsorption of Pb(ll) ions on Delonix regia pods
and leaves. Experimental condition: pH: 4 and 5 for the pods and leaves,
respectively; contact time: 30 min; Pb(ll) ion concentration: 100 mg/L; volume
of Ph(ll) ions: 20 mL; biosorbent dose: 0.5 g; stirring speed: 18 rpm;
temperature: 21 +2°C.

The morphology and EDS analysis of Delonix regia pods
and leaves after the sorption process was investigated.
Figures 13 and 14 show that the surface morphology of
the pods and leaves was not changed after adsorption.
This indicated that the pods and leaves of Delonix regia
are not destroyed and their structure is unaffected during
Pb(II) ions’ adsorption and could be further reused after des-
orption or activation. The EDS spectrum (Figure 15(a) and
15(b)) also confirm the presence of Pb(II) ions on the

Figure 13 | SEM (a) and TEM (b) micrographs of Delonix regia pods after sorption.
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surface of the adsorbent, about 16.33% and 15.4% Pb was
present on the pods and leaves, respectively. The presence
of Si in traces may result from the chemical composition
of Pb(NOs), used for the preparation of Pb(II) ions’ solution.

Desorption experiment

The recovery experiment was conducted to investigate the
possibility of recovering the adsorbed Pb(II) ions from the
biomass. The results obtained from the desorption study
are shown in Figure 16.

From Figure 16, the trends obtained for the percentage
recovery of Pb(II) ions from the pods and leaves of Delonix
regia are similar at different concentrations of HNOs. The
figure also reveals that the percentage of Pb(II) ions recov-
ered from the leaves was higher than what was recovered
from the pods. The recovery experiment indicated that
Pb(Il) ions’ recovery decreases with increasing concen-
tration of HNOs5. Thus, HNOs at low concentration is
required for efficient desorption and this will, in turn,
make the recovery process less expensive. Approximately
57.3% and 47.8% Pb(II) ions were recovered from Delonix
regia leaves and pods, respectively, when the concentration
of HNOj3 used was 0.05 M. The recovery study has proved
that the sorption of Pb(II) ions onto the pods and leaves of
Delonix regia is environmentally friendly and sustainable.
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Figure 14 | SEM (a) and TEM (b) micrographs of Delonix regia leaves after sorption.

Sample P+Pb

Sample L+Pb

Figure 15 | EDS spectrum of Delonix regia pods (a) and leaves (b) after sorption.
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Figure 16 | Recovery study of the adsorbed Pb(ll) ions from the pods and leaves of
Delonix regia.

CONCLUSION

The pods and leaves of Delonix regia were used as a
low-cost adsorbent for the removal of Pb(II) ions from
aqueous solution. The results obtained in this study
have shown that Delonix regia pods and leaves have
varying adsorption capacities for removing Pb(II) ions
from aqueous solutions. The pods showed better adsorp-
tion capacity than the leaves and this might be due to the
more fibrous content of the pods. The XRD peak of the
cellulosic material, which may provide sites for the bind-
ing of Pb(II) ions, is also prominent for the pods. Thus,
Delonix regia pods seem a better and viable adsorbent
for treating wastewater containing Pb(II) ions than the
leaves. The biosorption of Pb(II) ions depends on the
initial Pb(II) ions’ concentration, contact time, ionic
strength and pH of the aqueous solution. Maximum
removal of Pb(II) ions by Delonix regia pods and leaves
is at pH 4 and 5, respectively. The removal of Pb(II)
ions by Delonix regia was adequately modelled by the
Freundlich and Langmuir isotherms and the data of the
time dependence experiment of the biosorbents followed
the pseudo-second-order kinetic model. Delonix regia
pods have a capacity of 30.27 mg/g for Pb(II) ions
while the leaves have a capacity of 27.60 mg/g. The des-
orption study also showed that the recovery of the Pb(II)
ions from the spent pods and leaves decreased
with increasing concentration of HNOj. Therefore,
Delonix regia pods and leaves could be effectively used
removing Pb from

as low-cost biosorbent for
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contaminated wastewaters before discharge into the
environment.
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