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ABSTRACT

In this research synthesis of silver nanoparticles by a green method is studied. The high
importance of silver nanoparticles using extract of Delonix regia (DREAgNSs) is due to their unique
properties, such as non-expensive, easily available and have application in water treatment.
Synthesized silver nanoparticles AgNPs were characterized using UV-Visible Spectrophotometer
to indicate the synthesis of AgNPs by green methods. The maximum absorbance of UV-Vis.
analysis at wavelength 464 nm. (FT-IR) spectra to indicate the functional groups of phytochemical
compounds at Delonix regia extract (DRE) and the silver nanoparticles (DREAgNPs) and also
shows the role of active chemical constituents in stabilization and reduction of (DREAgNPs).
Based on the transmission electron microscopy image analyses (TEM) confirmed the formation of
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(R.E.)is 88.4 %
Cu®" ion concentration increases.

aqueous environment.

spherical DREAgNPs with a particle size range of 20-50 nm with an average particle size of 35 nm.
The Cu®" ion adsorption process was studied by (DREAgNPs). The Cu®* ions removal efficiency
at an initial concentration 15 ppm. Removal efficiency (R. E.) decreases as the
Furthermore, thermodynamic studies confirmed that the
biosorption process was endothermic and the positive value of AG° is quite common when an ion-
exchange mechanism applies in the biosorption. The Positive value of ASe suggested an increase
in randomness during the biosorption. The Freundlich isotherm has a good fit with the experimental
data (R, =0.99) compared to Langmuir isotherm (R, = 0.90). This study shows that DREAgNPs are
available, low cost, effective and environment friendlly biosorbent for the removal of Cu?" ions from

Keywords: Eco friendly; silver nanoparticles (AgNPs); removal efficiency; Cu2+ ions; aqueous

solution.
1. INTRODUCTION

Nanomaterials have great importance because of
their properties compared to the same element
with a bulk form. Nanomaterial show many
properties such as optical, catalytic that depend
on nanoparticles shape and size [1]. Methods
used to synthesis nanoparticle by chemical
techniques are hazardous and high expensive.
Silver nanoparticles (AgNPs) synthesized by
chemical, biological and green techniques have
been studied [2,3]. Green methods for
nanoparticles synthesis increase catalytic activity
due to the high surface area [4]. Different plants
extract have been studied for nanomaterials
syntheses such as copper and zinc [5], gold and
magnesium [6] and silver [7,8]. Silver has many
applications and shows low toxic effect in human
[9]. Silver nanoparticles exhibit a good effect on
infection treatment, the antimicrobial mechanism
of silver nanoparticles that damage the cell
leading to the death of cell [10]. Silver
nanoparticles have a great role in medicine
which has anti- inflammatory and cytotoxic
effects against tumor cells [11,12]. AgNPs
produced from green methods exhibit a low
toxicological effect against normal cells [13]. Aloe
vera [14], Cinnamon zeylanicum [15], Carica
papaya [16], Desmodium triflorum [17], Ocimum
sanctum [18] can be used to synthesis of silver
nanoparticles (AgNPs), we have chosen
Flamboyant (Delonix regia) extract for the
synthesis of silver nanoparticle (AgNPs) as
reducing and capping agent. It is available in
Shandawil Research Station. The present study
focuses on the synthesis of silver nanoparticles,
characterization and its application as an
adsorbent to remove toxic heavy metal such as
Cu®* ions present in water. Heavy metals have a
toxic effect that releases into the water and
contaminates food and have a harmful effect on
animals and human health. Methods can be used

for the removal of toxic heavy metals from water,
but these methods were non-effective and high
cost. Many researchers studied agricultural
materials such as Moringa oliefera and Delonix
regia for removing heavy metals ions from
aqueous solution [19-21].

2. EXPERIMENTAL METHODS
2.1 Material

Silver nitrate (AgNO;) and copper chloride
(CuCl,. 2H,0) were purchased from Sigma-
Aldrich with a Purity 2 99.8 % and 99.999 %
respectively Based On Trace Metals Analysis.

2.1.1 Plant collection

The Delonix regia were collected from Sohag,
Egypt (Shandawil Research center). This plant
was chosen for this study due to its major role in
reducing silver ions.

2.1.2 Delonix regia extract preparation

The fresh pods collected were cleaned with
double distilled water. The pods were cut into
small parts and 25 g was weighed out and added
to 250 mL distilled water and heated at 60° C,
filtered using filter paper and then stored at 4° C
as Delonix regia extract (DRE) for further use.

2.1.3 Preparation of aqueous solution

We prepared a Stock solution of Ag® ions by
weighing out 0.17 g of AgQNO; and dissolved in a
200 ml flask, the result concentration was 5 mM.

We prepared a Stock solution of Cu®* ions by
weighing out 2.68 g of (CuCl, 2H,0) and
dissolved in a 1000 ml volumetric flask, the result
concentration was 1000 ppm.
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2.1.4 Synthesis of DREAgNPs

A 10 mL DRE was added to a 190 mL (2 mM
silver nitrate (AgNO3)) under stirring. The color of
the mixture changed from pale yellow to dark-
brown within 10 minutes, this indicated the
formation of (DREAgNPs). By centrifuging the
solution a precipitate of (DREAgNPs) was
produced.

2.2 Characterization of DREAgNPs

The importance of characterization is to
understand the shape and size of DREAgNPs. It
gives information about DREAgNPs. We carried
out the characterization using UV-vis.
spectroscopy, Fourier Transform-Infrared
Spectroscopy (FT-IR) and the Transmission
Electron Microscopy (TEM) for DREAgNPs.

2.3 Instruments

A UV- Vis. spectrophotometer (Shimadzu UV-
PC, Mumbai, India) with a resolution of 1nm
between 200 and 800nm was used to indicate
the formation of AgNPs. (FT-IR) spectroscope
(FTIR-2000, Perkin-Elmer) to indicate the
functional groups of phyto chemical compounds
at plant extract which capped the silver
nanoparticles (DREAgNPs) in the range of 200 —
4000 cm™” wavelength. The morphology and
particle size of the AgNPs was characterized by
the Transmission Electron Microscopy (TEM,
Philips model CM 200, Tokyo, Japan), the
analysis samples were prepared and dropped
onto the carbon coated-copper grid, after drying
the copper-coated grid subjected TEM analysis.
The dark-brown liquid was centrifuged (E- B- A,
20 zentrifugen78532 Tuttlingen) for 35 minute to

obtain the silver nanoparticles, (Atomic
Absorption Spectroscopy) (Perkin Elmer -
Analyst, 200) were used to determine the

concentration of Cu®" ions.
2.4 Batch Biosorption Experiments

2. 4.1 Effect of initial metal ions concentration
on biosorption of Cu® ions

50 ml (15, 20, 35, 40 ppm) of Cu® ions solution
was added to 300 mg of silver nanoparticles
(DREAgNPSs) in a bottle at room temperature (25
°C) and the mixture was stirred for 1 hr.

2. 4.2 Effect of particle size of AgNPs on
biosorption of Cu®* ions

Biosorption experiments were carried out at
different particle sizes of AgNPs (20 , 50, 100,

500 nm), 50 ml of Cu?" ions solution of initial
concentration (15 mg/L) was added to 300 mg of
the biosorbent in 250 ml flat bottom bottle at
room temperature (25 °C) and a different particle
size of AgNPs. Then the mixture was stirred for
1 hour.

2.4.3 Effect of biosorbent dosage of AgNPs
on biosorption of Cu®* ions

In each biosorption experiment, 50 ml of cu®
ions solution of initial concentration (15 mg/L)
was added to different dosages of the biosorbent
(25, 50, 100, 200, and 300 mg) in 250 ml flat
bottom bottle at room temperature (25°C) and
the mixture was stirred for 1 hr.

2. 4.4 Effect of contact time on biosorption of
Cu* ions

In the biosorption experiment, 200 ml of cu®
ions solution of different initial concentrations
(15, 30 and 50 mg/L) was added to 1.2 g of the
biosorbent in a 250 ml flat bottom bottle at room
temperature (25°C) and the mixture was stirred
on a shaker at 300 rpm with a contact times (10,
30, 50, 70 and 90) minutes.

2.4.5 Effect of temperature on biosorption of
Cu® ions

Experiments on the effects of temperature on the
biosorption of Cu®" ions were done at different
temperature (25°C, 30° C, 40° C and 60° C). 50
ml of different concentrations (15 , 30 and 50
mg/L) of Cu** ions solution was added to 300 mg
of the biosorbent in 250 ml flat bottom bottle at
different temperatures and the mixture was
stirred for 1 hr.

After each experiment, the mixture was
centrifuged. The concentration of the supernatant
(Cu2+ ions) was determined using Flame Atomic
Absorption Spectrometer.

The overall experiment was repeated three times
for precision.

2.4.6 Calculation of Cu®* ions absorption

The removal efficiency of the Cu®* ions was
determined using;

(Co_Ce)
RE. % = —————x 100 3)

o

Where, R. E. % is the percentage of the
removed Cu®" ions.
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3. RESULTS AND DISCUSSION

3.1 Characterization of the

AgNPs

Prepared

3.1.1 UV-visible spectral analysis

Characterization of Delonix regia extract (DRE)
and silver nanoparticles (DREAgNPs) was first
carried out using a UV-Visible absorption
spectrometer (Fig. 1). Adding Delonix regia
extract to (AgNO3) solution, the mixture becomes
a dark—brown color. The chemical compound in
the Delonix regia extract (DRE) plays as a
reducing and capping agents help reduction of
Ag" ion and forming silver nanoparticles
(DREAgNPs) [22]. Color change because of
surface plasmon Resonance (S.P.R.) of silver
nanoparticles (DREAgNPs). The absorption
spectrum of DRE extract has a peaks observed
due to chemical compound in the extract. A peak
at 382 nm, which is typical for absorption of
flavonoids and phenols and the peak at 292 nm
in the spectra indicated the amino acid that have
a role for reduction and stabilization of
nanoparticles (DREAgNPs) [23,24,25]. The
synthesized silver nanoparticles (DREAgNPs)
show Surface Plasmon Resonance (SPR.) peak
at 464 nm which suggests silver nanoparticles
formation [26].

3.1.2 FT-IR analysis

We carried out FT-IR analysis of Delonix regia
extract (DRE), silver nanoparticles Delonix regia
(DREAgNPs) and (DREAgNP-Cu) (Fig. 2).
Functional groups of (DRE) were indicated by
FT- IR spectra. Region of 1000-1200 cm 'has a
peak that is characteristic of cellulose [27]. A

peak at 3301 cm™' due to O-H and N-H, groups
that is indicating the presence of flavanols. The
shift in the position of the peak to 3286 and 3279
cm™' in the spectrum of the (DREAgNPs) and
(DREAgNP-Cu) indicates the binding of Ag" and
Cu®* ions respectively with amino and hydroxyl
groups [28]. The band at 1076 cm™' is due to the
C-N stretch and the shift to 1073 and 1082 cm™
because of binding Ag* and Cu®* ions with the C-
N group respectively [29]. Peak was observed at
1638 cm'1, may be due to the amide bond of
proteins arise from the carbonyl stretching, and is
shifted to wavenumber of 1635 and 1633 cm’’
indicates the binding of Ag" and Cu® ions
respectively with carbonyl groups [30]. The
spectrum at 1394 is due to the stretching of —-C—
O and —C-0O-C. and shifted to 1387 and 1372
cm™ after Ag* and Cu® ions binding respectively,
this confirms the bonding between Ag® , Cu®*
ions and —OH/COO- groups at protein [31-33].
The synthsized silver nanoparticles show many
peaks present in the DRE this due to the phyto
chemical compound in the Delonix regia extract
as capping and reducing agent of Ag* to AgO and
forming AgNPs [34,35] and help in biosorption of
Cu®*ions.

3.1.3 TEM analysis the synthesized AgNPs

The TEM technique was performed to visualize
the synthesized AgNPs particle size and to study
morphology. From the TEM image (Fig. 3), it is
evident that most of the AgNPs were spherical.
Characterization of accurate structural size and
morphology analysis of AgNPs was examined
using TEM. The TEM images of AgNPs were
spherical in shape. The average diameter of the
nanoparticlesvaries between 20 and 50 nm.
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Fig. 1. UV-vis. spectra of DRE and DREAgNPs
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Fig. 2. FT-IR spectra of DRE, Ag" loaded Delonix regia extract (DREAgNPs) and (DREAgNP-Cu)

Fig. 3. Size and surface morphology of synthesized DREAgNPs by TEM

3.2 Adsorption of Cu®* lons by the
Prepared AgNPs

Adsorption of heavy metals ions from an
aqueous solution on the surface of adsorbents is
a rather complex process affected by several
factors. The effect of experimental parameters
such as dose, particle size, initial concentration,
contact time and temperature on the biosorption
was studied. The adsorption mechanisms of
heavy metals onto the adsorbent vary widely and
depend upon the heavy metals under
investigation and the type of adsorbent. Most
adsorbents interact with metallic species through
binding of the metal ion and the active sites on
the surface of the adsorbent.

The synthesized silver nanoparticles
(DREAgNPs) is a good adsorbent for adsorption

the Cu®" ions from the aqueous solution because
of a high surface area as well as a phytochemical
compound on the surface of synthesized silver
nanoparticles (DREAgNPs) that play a major role
in the bio-sorption of Cu®* ions.

3.2.1 Effect of Cu®* ions concentration on the
bio-sorption of Cu®" ion

Table 1 and Fig. 4 illustrated the effect of cu*
ions concentration on adsorption process by
adsorbent (DREAgNPs). The Cu®* ions removal
efficiency (R. E.) for concentration 15 ppm are
88.4 and decreases as the concentration
increases, this is due to a high chance was
available of active site with functional group on
the surface of adsorbent for metal ion removal at
low concentrations. When increase the
concentration of Cu®* ions the removal efficiency



Abu-Dief et al.; AJACR, 9(1): 1-15, 2021; Article no.AJACR.70878

decreases this is due to active sites took up the
available Cu®* ions and a low chance was
available of active site [36, 37].

This results close to the removal efficacy of Cr
(M and Cd (Il) [37]. The highest removal
efficiency was found for cadmium, i.e., 83.49 %,
by using silver and NFC together as a bio
sorbent. The cellulose acted as an adsorbent,
where it makes an interface with the silver
nanoparticles and enhances the efficacy. The
second highest was for cadmium, i.e., 47.21 %,
but by using only nano-fibrillated cellulose as a
bio sorbent. The maximum sorption for both
cadmium and chromium was observed with silver
along with NFC, i.e., 83.49 % and 32.20%,
respectively. In one set with cadmium containing
silver as a biosorbent, after 40 min the metal-ion
estimation which reduced showed an increase of
10 mg/lit at 80 min. This was because the
adsorbate and adsorbent attained equilibrium
and were incapable of further sorption [20,21,
37].

3.2.2Effect of adsorbent dosage of AgNPs on
the biosorption of Cu®* ion

It is an important parameter to determine the
capacity of the adsorbent for a given initial
concentration 15 mg/L. The results obtained on
the effect of adsorbent dosage on removal
efficiency of Cu®" ion biosorption by AgNPs was
shown in Fig. 5 and Table 2.

As the increase in adsorbent dosage the metal
ions, removal efficiency increases. Cu2+ ions
removal efficiency was the lowest value (74.4 %)
obtained with 25 mg and the highest value (88.4
%) with 300 mg of AgNPs adsorbent. This
behavior is due to the increase in surface area
and availability of biosorption sites. It was
observed that the percentage removals of metal
ions increased as the dosage of biosorbnt
increased. This may be attributed to the
increased adsorbent surface area, pores, active
sites and the number of unsaturated sites of
AgNPs adsorbent. [20,21].

Table 1. Cu**ions removal efficiency by AgNPs

Co (mg/L) Ce(mg/L) £ SD Cu”’ions R. E. % + SD
15 1.7410.15 88.4+0.11
20 3.4+0.09 83+0.09
35 6+0.06 82.810.14
40 7+0.13 82.5+0.16
90
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Fig. 4. Effect of Cu® ions concentration on removal efficiency by AgNPs



Abu-Dief et al.; AJACR, 9(1): 1-15, 2021; Article no.AJACR.70878

Table 2. Cu2+ ions removal efficiency at initial concentration of Cu2+ (15 mg/L) and different
adsorbent dosage of AgNPs

Adsorbent dosage AgNPs (mg) Ce(mg/L) * SD Cu” ions R.E. % *Sd
25 3.84+0.06 74.410.07
50 3.62+0.07 75.86+0.23
100 2.98+0.09 80.13+0.20
200 2.84+0.08 81.06+0.26
300 1.74+0.06 88.410.18
88 - =
. 84-
=
= 80- .- "
o /
&
= 761 m
) IS
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Fig. 5. Effect of adsorbent dosage of AGNPs on Cu?* ions removal efficiency at initial
concentration of Cu®* (15 mg/L)

3.2.3 Effect of adsorbent particles size of
AgNPs on the biosorption of Ccu® ion

The effect of the adsorbent particle size was
studied using different sizes of adsorbent as
shown in Fig. 6, Table 3. It was noted that the
removal efficiency % was very low when a larger
particle size were used and this was probably
due to the smaller surface area of the adsorbent.
The R. E. % was very low 67.66 % when a larger
particle size (500 nm) was used, and this was
probably due to smaller surface area of the
adsorbent. It was observed that the R.E. % was
higher 88.4 % when the smaller particle nano
size (20 nm) were used. It was observed that the
removal efficiency % was higher when smaller
particle nano sized were used, and this was
probably due to higher surface area of the
smaller nano-sized adsorbent. The decrease in
adsorbents particle size increases the metal
uptake. It is apparent that the greater surface
area is increased by decreasing the adsorbents
particle size. The number of active sites is

increased as a result of the high particle surface
area and therefore the ability of adsorbents
structures is very high and the number of
sorption sites for sorbent-solute interaction is
increased, thereby resulting in increasing
removal efficiency % from the solutions [20, 21].

3.2.4Effect of contact time on the biosorption
of Cu** ion by adsorbent AgNPs

The results obtained from the effect of contact
time on biosorption of Cu®* ion by AgNPs was
shown in Fig. 7 and Table 4 at initial metal ions
concentrations of (15, 30 and 50 mg/L). It was
observed that the amount of metal ion absorbed
increased with an increase in contact time up to
70 minutes. This may be attributed to the long
time of contact and availability of active sites,
after the equilibrium is reached at 70 minutes, it
was followed by a reduction in the metal uptake.
The removal of metal ions was rapid at the initial
period of the contact time and decreased slightly
until the equilibrium is reached. The active sites
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for biosorption are more available at the initial
contact time and thus makes biosorption rate to
be fast as a result of the diffusion process from
the bulk solution to the sites. At longer contact
time, there was a slightly increasing or remain
constant in the metal ions removal, as the sites
are less available as the capacity of the
adsorbent gets exhausted, the rate of ugtake
was controlled by the rate at which the Cu®* ion
was transported from the solution to the sites of
the adsorbent particles (AgNPs ) [20, 21].
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Fig. 6. Effect of adsorbent particle size of
AgNPs on Cu® ions removal efficiency at
initial concentration of Cu®* (15 mg/L)
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Fig. 7. Effect of contact time on Cu®* ions
removal efficiency at different initial
concentrations (15, 30 and 50 mg/L) by the
adsorbent (AgNPs)

3.2.5 Effect of temperature on the biosorption
of Cu® ions by adsorbent AgNPs

The result obtained on the effect of the
temperature at different values (25, 30, 40 and
60° C) on metal ions removal efficiency of cu*
ions biosorption by AgNPs was shown in Fig 8
and Table 5. It was noted that the Cu®" ion

removal efficiency at  different initial
concentrations (15, 30, 50 mg/L) by AgNPs
increases while the temperature is increasing
until a certain value that varies around 40 °C.
The increase in adsorption capacity with
temperature suggested that the active sites have
increased with temperature. The increase of the
temperature encourages the process of
adsorption, until a certain temperature limit,
around 40° C, which can be regarded as an
optimal temperature. Beyond temperature limit
around 40°C, at a higher temperature 60° C, the
desorption becomes more important and reduces
the rate of adsorption, this may be due to the
breakdown of the phytochemical compound of
the plant extract on the surface of the solid
adsorbent AgNPs. This process due to increase
in the movement of the metal ions which occurs
at higher temperatures. The increase in
adsorption with temperature may be due to
increasment the interaction of the metal cation
Cu”" to the surface of adsorbent AgNPs leading

to interaction occurring during adsorption
process [20, 21].
3.2.5.1 Thermodynamic parameters of

adsorption process

The thermodynamic parameters, AH, AS, and
AG, for the biosorption process were calculated
using the relationships (1) and (2) [38,39].

Inb= AS°/R—AH/RT (1)

Where b (Langmuir constant related to energy).
The plot of In b versus 1/T yields a slope and
intercept whose values correspond to AH/R and
AS/R, respectively. These values can then be
used to compute AG by applying the Gibbs
relationship:

AG® = AH° - TAS® )

The Cu2+ions uptake at equilibrium was
calculated using the relationships (3):

V(Co_ce)
de =W 3)
where ge in mg/g is Cu 2+ ions absorption
capacity, V in liters is the volume of the Cu2+
ions solution and W in gram is the amount of the
biosorbent, Co and Ce in mg/L are initial and
final (equilibrium) Cu2+ ion concentrations,
respectively.

Adsorption isotherms of Cu®* ions on DREAgNPs
are presented as a function of the equilibrium
concentration of metal ions in the aqueous
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solution in Table 6 and Fig.9. The amount of
Cu®* adsorbed per unit mass of DREAgNPs
increased with the initial concentration of Cu®* as
expected [40,41]. The metal ion distribution
between the liquid and solid phases can be
described by mathematical model equations
such as the Langmuir isotherm model and the
Freundlich isotherm model [42]. The Langmuir
and Freundlich models are used because of their
ability to describe experimental data in a wide

range of concentrations. Freundlich and
Langmuir's adsorption isotherms are also
classical models to describe the equilibrium

between metal ions adsorbed onto adsorbent
and metal ions in solution. Both isotherm models
can be easily transformed into linear forms, just
by linear regression. Langmuir’s isotherm model
suggests that uptake take place on a
homogeneous surface. These models could be
summarized as follows. The linear form of the
Langmuir isotherm equation is represented by
the following equation(7) [43].

90
n— @000
n

85 —®—R.E. at 15 mg/L
X —&—R.E.at 30 mg/L
= R. E. at 50 mg/L
-4 — /,/‘
&_ 80+ ,/ i

= P

@] o ®

75 T T T T T : : :
20 25 30 35 40 45 50 55 60 65
Temp.(’C)

Fig. 8. Effect of temperature on Cu®* ions
removal efficiency at different initial
concentrations (15, 30 and 50 mg/L) by the
adsorbent (AgNPs)

Ce/de =1/dmb + Ce /qm ™
as, Qe the amount of Cu®* ions adsorbed at
equilibrium (mg g'1 adsorbent), C., is the
equilibrium concentration of adsorbate (mg L™"), b
(L mg™") and g (Mg g ') are the Langmuir
constants related to energy and the adsorption

capacity, respectively.

Plot of Ce/qe against C, give a straight line with
slope 1/q,, and intercept 1/q,, b is obtained (Fig. 9),
which shows Cu®* biosorption isotherms of
Langmuir. From the intercept and slope of the
plots, the Langmuir parameters, b and q,, are

calculated. These values may be used for

comparison and correlation of the sorptive
properties of DREAgNPs.
The Freundlich equation is applicable for

isothermal adsorption and has the general form
(8). [44].

log ge =log K¢ +1/n logC, (8)
As, C, is the equilibrium concentration (mg L'1)
of adsorbate, g, is the amount of adsorbate (mg
g ' adsorbent). n and K; are the Freundlich
constants. When log g is plotted against log C,,
aline with slope 1/n and intercept log K; is
obtained (cf. Fig. 10). This reflects the
satisfaction of the Freundlich isotherm model for
the adsorption of Cu?" ions. The intercept, log K,
is an indicator of the adsorption capacity and the
slope, 1/n, is an indicator of the intensity of
adsorption [45]. The Freundlich parameters for
the adsorption of Cu®* ions is given in Table 7.
To ascertain if the biosorption phenomenon is
favorable or unfavorable, for Langmuir type
biosorption process, isotherms can be classified
by R., a dimensionless constant separator factor
(9) [46] stated as:

R.=1/(1+b Cyp) 9

3.0

Ce(mg/L)

Fig. 9. Linearized biosorption isotherms of
Langmuir

Mathematical calculation of R, indicates the
shape of isotherm to be either, irreversible (R_ =
0), linear (R, = 1), unfavorable (R>1) or
favorable (0 < R < 1). From the experiment, R_
varies from 0.139 to 0.676 for different Cu®* ions
concentrations (15, 30, 50) mg/L at different
temperatures (cf. Table 9). These values ranged
between 0 and 1, thus indicating a favorable
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Table 3. Effect of the adsorbent particle size of AQNPs on the biosorption efficiency

Adsorbent particle size of AQNPs (nm) Ce(mg/L) £ SD Cu”’ions R.E. % * SD
20 1.74+0.06 88.410.18

50 3.0+0.11 80+0.13

100 3.55+0.08 76.33+0.22

500 4.85+0.14 67.66+0.15

Table 4. Effect of contact time on Cu2+ ions removal efficiency at different initial concentrations (15, 30 and 50 mg/L) by the adsorbent (AgNPs)

Temp. (o C) Cu” R.E.% at Co (15) Cu”’ R. E. % at Co (30) Cu” R. E. % At Co (50) C. at Co (15) C. at Co (30) C. at C, (50)
25 80.73 77.83 76.70 2.89 6.65 11.65
30 81.26 78.43 77.70 2.81 6.47 11.15
40 88.40 81.50 79.90 1.74 5.55 10.05
60 87.80 80.33 78.10 1.83 5.90 10.95

Table 5. Effect of temperature on Cu2+ ions removal efficiency at different initial concentrations (15, 30 and 50 mg/L) by the adsorbent (AgNPs)

Time (min) Cu” R.E. % atC, (15) Cu” R.E. % at C,(30) Cu”R.E. % at C, (50) C:atC, (15) C; atC, (30) Ct at C, (50)

10 80.33 78.06 77.00 2.95 6.58 11.50

30 82.00 80.33 79.40 2.70 5.90 10.30

50 82.72 81.53 80.90 2.59 5.54 9.55

70 88.40 86.93 83.68 1.74 3.92 8.16

90 88.46 86.96 83.70 1.73 3.91 8.15

Table 6. Values of the amount of Cu”’ ions adsorbed at equilibrium (q. mg g™' adsorbent) and the equilibrium concentration of adsorbate (C, mg L™") for isotherms of Langmuir
Conc of Cu2’ C. (mg/l) qde (mg/g)  Ce/qe C. (mg/l) q. (mg/g) Ce/qe C. (mgl/l) Q. mg/lg C./qe C. mgl/l q. mgl/g Ce/Qe
(mg/l) At25 oC At30 oC At40 oC At60 oC
15 2.89 2.02 1.43 2.81 2.03 1.38 1.74 2.21 0.77 1.83 2.20 0.83
30 6.65 3.89 1.71 6.47 3.92 1.65 5.55 4.10 1.35 5.90 4.02 1.47
50 11.65 6.39 1.82 11.15 6.47 1.72 10.05 6.66 1.51 10.95 6.51 1.68
Table 7. values of the amount of Cu®* ions adsorbed at equilibrium (qe mg g™' adsorbent) and the equilibrium concentration of adsorbate (Ce mg L™") for isotherms of Freundlich

Conc of Cu” (mg/l) Log C. (mg/l) Log q. (mg/g) Log C. (mg/l) Log q. (mg/g) Log C. (mg/l) Log q. mg/g Log C. mg/l Log q. mg/g

15 0.47 0.31 0.49 0.31 0.25 0.34 0.26 0.34

30 0.82 0.59 0.82 0.60 0.74 0.61 0.78 0.6

50 1.07 0.81 1.05 0.81 1.002 0.82 1.04 0.81
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Fig. 10. Linearized biosorption isotherms of Freundlich

biosorption. The values of (Freundlich exponent
n) were greater than1 [47]. Moreover, the value
of n indicates better biosorption mechanism and
formation of relatively stronger bond between
adsorbate and biosorbent as 1/n values are
found in the range of 0.595 — 0.833, when the
temperature was altered from 293 to 323 K, this
indicate that the biosorption of Cu®* ions onto
DREAgNPs is favorable under the conditions
studied as 1/n values between 0 and 1. The
fitting of the linear form of the models was
examined by using linearity coefficient (RZ). The
Langmuir model has a less fitting model than
Freundlich model according to linearity
coefficients (R? =0.90 and 0.99 respectively) as
shown in Table 8 and Figs. 9 and 10. The
sorption of Cu®* ions onto DREAgNPs follow the
Freundlich isotherm model describing the
adsorption in aqueous system [39].

The obtained thermodynamics equilibrium
constant was used to calculate all other
thermodynamic parameters from a plot In b
against 1/T. The entropy, enthalpy and Gibbs
free energy for the adsorption process were
obtained at different temperatures for Cu®* using
Eq. (1). The sorption capacity of the DREAgNPs
for Cu® increased with increasing temperature,
this means the sorption process was
endothermic. Thermodynamic parameters such
as enthalpy change, free energy change and
entropy change were determined using the
equations (1), (2) [48]. Where AG is the change
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in free energy (J mol™), ASQ° is the change in
entropy (kJ mol™" K™), AH ’is the change in
enthalpy (kJ mol™'), R is the gas constants
(8.314x107° kJ mol™" K™), T is the absolute
temperature (K), and b is the equilibrium
constant of adsorption. When In b is plotted
against 1/T, the slope AH°/R, and intercept
AS°/R are obtained. From the slope and
intercept of the Van't Hoff plots of Inb versus 1/T
the values of AH and AS were obtained. The
thermodynamic parameters are given in Table
10. Positive values of AH° suggest the
endothermic nature of adsorption of Cu“* ions on
the DREAgNPs. The positive AG® values were
obtained in this study. It has been suggested that
a positive value for AG° is quite common when
an ion-exchange mechanism applies in the
biosorption of cationic sorbate because of the
activated complex formed by the cationic sorbate
(Cu®* ions) with the biosorbent (DREAgNPs)
[49]. The Positive value of AS’ suggested an
increase in randomness during the biosorption
[50]. These kinds of reactions are present in
literature [38,39,51].

3.2.5.2 Mechanism of adsorption

The capping agents of the phytochemical
components of plant regulate nanoparticles and
control the growth, agglomeration, and physico-
chemical characteristics in a precise way [52].
The capping agent is an amphiphilic molecule
comprising of a polar head group and a non-
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Table 8. Isotherm constants of Cu**ions biosorption on DREAgNPs at various temperatures

T (K) Langmuir Friendlich
am b R2 n Kf R2
298 23.1 0.032 0.90 1.22 0.86 0.999
303 253 0.030 0.85 1.20 0.846 0.998
313 11.43 0.124 0.87 1.62 1.53 0.987
333 10.96 0.121 0.88 1.68 1.50 0.987
Table 9. A dimensionless constant separator factor (RL) for Langmuir type biosorption
process
Co(mgl/L) RL at 25°C RL at 30°C RL at 40°C RL at 60°C
15 0.676 0.69 0.350 0.355
30 0.510 0.53 0.212 0.216
50 0.385 0.40 0.139 0.142

Table 10. Thermodynamic parameters for the biosorption process

Temperature (K) AG° (KJ/mol) AH°(KJ/mol) AS° (KJ/mol)

298 8.36 34.7 0.0884

303 7.91

313 7.03

333 5.26

polar hydrocarbon tail. Owing to the amphiphilic  size, initial concentration, contact time and

nature of capping agents, they confer the
functionality and enhance the compatibility with
another phase. The non-polar tail interacts with
the encircling medium while the polar head
interacts with the metal atom of the nanosystem
[53]. The phytochemical compound-coated
nanoparticles have adsorption ability to metal
ions on the surface of it, and then the Cu-
DREAgNPs complex can be separated by
centrifugation, so used in the purification of
drinking water. These silver nanomaterials are
target-specific and do not produce any waste;
therefore, it is a greener route for environmental
remediation [54-56].

4. CONCLUSION

This study showed the synthesis of silver
nanoparticles (DREAgNPs) using extract of
Deloix regia. The phytochemical compounds in
the plant extracts such as and amino acid and
flavonol were responsible for the bioreduction of
Ag’ ions to silver nanoparticles Ag’, as indicated
by FT-IR and UV vis. spectra. The size and
morphology of silver nanoparticles were
indicated using the TEM study to confirm the
shape and size of the silver nanocrystals.
Moreover, parameters such as dose, particle
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temperature effect on the biosorption process
were studied. Furthermore, the mechanism of
adsorption process was suggested to be ion-
exchange mechanism. The synthesized
nanoparticle (DREAgNPs) is eco- friendly, non-
expensive and easily available adsorbent for
adsorbing the Cu®* ions from an aqueous
solution.
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