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ABSTRACT

This study investigates the adsorption potential of silver nanocomposite synthesized from avocado
pear seed for the removal of copper (IlI) ions from aqueous solutions. The agro waste underwent
treatment processes such as chemical, physical and hydrothermal synthesis giving rise to a
nanocomposite with an enhanced surface area, structure and functional groups. In the investigation
of the adsorption capacity of copper (ll) ions, numerous factors were examined, including pH,
concentration, dose, temperature, and contact time. Atomic Absorption Spectroscopy (AAS) was
used to investigate the equilibrium kinetics and thermodynamics for the adsorption. The ability of
copper ion uptake by the nanocomposite was examined under the characterization study of FTIR,
SEM, and XRD. Langmuir and Freundlich adsorption models were employed to the experimental
data and the goodness of their fit for adsorption was compared. It was determined that the
Langmuir adsorption model provided a better fit compared to the Freundlich model.
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1. INTRODUCTION

Nanotechnology is the scientific manipulation of
matter at the molecular level that makes it
possible to create materials with special qualities
and uses. Nanotechnology, which first appeared
at the turn of the century, has transformed
material science and engineering and produced
ground-breaking discoveries. The creation of
materials at the nanoscale, usually smaller than
100 nm, with unique physical and chemical
properties is a crucial use of nanotechnology
(Laurent et al., 2010). The unique optoelectronic
properties of metal nanoparticles, which are
made solely from metal precursors, are also
influenced by localized surface plasmon
resonance (LSPR). Notably, the production of
noble metals such as gold (Au) and silver (Ag)
has been thoroughly studied due to its
controllable size, shape, and facet, which is
essential for advanced material applications
(Dreaden et al., 2012). According to Zuorro et al.,
(2019) nanoparticles, a specific category of
nanomaterials, have garnered significant
attention in contemporary research across
several industries due to their distinctive
characteristics and extensive array of potential
uses. Nanoparticles are preferred over
alternative  adsorbents  because of the
possession of numerous sorption  sites,
substantial specific surface area, capacity for
low-temperature modification, porosity, surface
functionalities, limited intraparticle diffusion
distance, and ability to bind ions (Singh et al.,
2018). The utilisation of plant extract in green
nanotechnology presents a promising avenue for
the creation of innovative nanoparticles
possessing the necessary attributes for the
advancement of biotechnology (Khan et al.,
2022). Avocado pear or alligator pear are the
names given to the fruit produced by the
avocado plant (Perseaamericana), which
belongs to the Lauraceae family. The seeds of
avocado pears, a byproduct of the fruit, have
been used medicinally to treat conditions such as
diabetes, cancer, inflammation, and high blood
pressure (Adeyemi et al., 2002; Anaka et al.,
2009; Ojewole and Amabeoku, 2006). In Ojoto
and neighboring Igbo-speaking communities in
southeast Nigeria, the fruit is locally known as
ubeoyibo, translating to “foreign pear"
(Egbuonu et al.,, 2017). Traditional medicine
practices in these regions have utilized avocado
pear for its antibacterial properties (Alhassan et
al., 2012).
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However, Over the course of several decades,
heavy metals have emerged as significant
contributors to water contamination (Zaimee et
al., 2021). Industrial production can result in the
emission of a range of harmful compounds,
including both organic and inorganic molecules,
as well as toxic solvents and volatile organic
chemicals. If these waste materials are
discharged into aquatic ecosystems without
sufficient treatment, they will result in the
contamination of water bodies (Chowdhary et al.,
2020).

Heavy metal pollution in the environment has
been greatly exacerbated by mining operations,
agricultural practices, and fast industrialization
(Dahiya et al., 2008). Through metallurgical and
electroplating processes, these pollutants which
include heavy metals like copper (Cu(ll)),
cadmium (Cd(ll)), and lead (Pb(ll)) are released
into water bodies, contaminating sources of
drinking water and causing major health
concerns to both humans and the environment
(Huang and Li, 2013). For example, chronic
exposure to Cu(ll) has been associated with its
bioaccumulation in foods such mushrooms, liver,
mussels, and nuts. Adsorption has become one

of the most successful and economical
wastewater treatment techniques for reducing
the negative impacts of heavy metal

contamination. Cu(ll) and other heavy metals
may be effectively removed from aqueous
solutions using biomass-based adsorbents and

nanomaterials (Hua et al, 2012). Though
successful in adsorption, conventional
technigues  such  chemical  precipitation,
membrane separation, ion exchange, and

electrolysis are frequently costly, inefficient for
large-scale applications, or non-biodegradable
(Esumi et al, 1990). On the other hand,
nanotechnology provides environmentally
friendly and reasonably priced substitutes via
processes like chemical reduction,
photoreduction, and thermal breakdown (Pileni,
2000; Liz-Marzéan and Lado-Tourifio, 1996). The
need for creative solutions is highlighted by the
fact that these pollutants lower agricultural
output, have an impact on food security, impact
negatively on health and cause financial losses.
Therefore removal of heavy metal ions in
effluents remains imperative to mitigate the
above problems as this research aims at
addressing the challenges of heavy metal
contamination by investigating the adsorptive
removal of Cu(ll) ions from aqueous solutions
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using a  biosynthesized  nanocomposite.
Specifically, silver nanocomposites will be
synthesized using avocado peer seed. The
biosynthesized nanocomposites  will be
characterized to elucidate their structural and
functional properties. Equilibrium, Kkinetic, and
thermodynamic studies will be conducted to
assess the adsorption efficiency, with adsorption
mechanisms analyzed through Langmuir and
Freundlich isotherm models.

2. METHODOLOGY
2.1 Preparation of the Agro Waste

The avocado pear seed was collected from
Achina, in Aguata L.G.A of Anambra State.
Nigeria. They were washed with distilled water,
allowed to dry away from direct sunlight and
ground into powder, then subjected to a 48-hour
extraction process at room temperature using
methanol as the solvent. Subsequently, the
extracts utilizing Whatman No.1 paper, resulted
in an extraction of crude extracts subsequent to
concentration under reduced pressure.

2.2 Synthesis of Silver Nano Composites

1M AgNOsz solution was prepared by simply
dissolving AgNO:z flakes with distilled water.
Samples of the avocado pear seed extract were
added to the AgNOs solution. The combination
was subjected to incubation at ambient
temperature until the yellow hue of the solution
transitioned to a deep brown shade. The
samples were then centrifuged for 20 minutes at
11000 revolutions per minute, and the
supernatant was disposed of after the process. A
volume of 5 mL of deionized water was
introduced to the precipitate, followed by another
round of centrifugation under identical conditions.
The procedure was replicated. Subsequently, the
ultimate precipitate was subjected to a
temperature of 60°C in a hot air oven for a
duration of 30 minutes.

2.3 Preparation of Stock Solutions
(Adsorbate)
Distilled water was used throughout the

experiment to dilute copper chloride dehydrate (=
99% purity) obtained from the chemical shop. All
solutions used in the experiment were prepared
in double distilled water. Stock solution of the test
reagent of 1000mg/L was prepared by dissolving
1 gram of copper chloride dehydrate(z 99%
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purity) in 1 liter of distilled water. The stock
solution underwent dilution in order to get various
quantities of copper ions that were necessary for
conducting the tests.

2.4 Characterization of Adsorbents

2.4.1 Fourier Transform InfraRed
Spectroscopy (FTIR)
The Fourier Transform InfraRed (FTIR)

Spectrophotometer was employed to ascertain
the functional groups present in the samples.

2.4.2 Scanning Electron Microscope (SEM)
Analysis

SEM was used to ascertain the structural
characteristics of the nanocomposite acquired.
The dried samples were affixed to a sample
holder using double conductive tape at room
temperature. To enhance conductivity, a layer of
platinum-gold coating was administered onto the
samples. Subsequently, the samples were
subjected to visualization using an 80 kV voltage.

2.4.3 X-ray Diffraction (XRD) Analysis

X-ray diffraction (XRD) was employed to analyse
the crystalline nature of the AgNPs. The
experiment employed a powdered material, and
the scanning mode was conducted using a
current of 30 mA, a voltage of 40 kV, and Cu/Ka
radiation. The diffraction pattern was then
recorded within the 26 angle range of 20°C-
70°C.

The scherrer equation was used to determine the
particle size and is giving by

_ Kx
- BCosO

(2.1)

Where D is the nanocomposite crystalline size, K
represents the Scherrer constant (0.98), X
denotes the wavelength (1.54), 8 denotes the full
width at half maximum (FWHM).

2.5 Batch Adsorption process

The batch experiments were performed using
adsorbent material placed in Erlenmeyer flasks,
which were sealed with glass stoppers to
minimize evaporation. The mixtures were stirred
using a mechanical magnetic stirrer operating at
a speed of 200 revolutions per minute. The
objective was to determine the optimal conditions
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in terms of pH, adsorbent type, and lead(ll) ion
concentrations.

2.5.1 Effect of pH

In order to determine the effect of pH on the
adsorption of copper(ll) ions onto Avocado pear
silver nanocomposite, the adsorption mixture
was brought into equilibrium with a 20 ml solution
containing 150 mg/dm=3 of copper(ll) ions and
dried adsorbent. The experiment was conducted
at pH levels of 2, 4, 6, 8, and 10. The pH was
adjusted by employing 0.1 M hydrochloric acid
(HClI) and 0.1 M sodium hydroxide (NaOH)
solutions. The experiment involved the regulation
of the adsorbent quantity to 0.1g, the
temperature to 30°C, and the duration to 60
minutes.

2.5.2 Effect of adsorbent dosage

The impact of adsorbent dose was investigated
by manipulating the weights of the Nano
composites within the range of 0.1g, 0.2g, 0.3g,
0.4g, and 0.5g. Subsequently, these samples
were subjected to testing under the specified
experimental circumstances. The experimental
conditions included a duration of 60 minutes, a
temperature of 300°C, a pH value of 6, and a
concentration of 150 mg/L.

2.5.3 Effect of time

The study investigated the impact of time by
manipulating the duration at intervals of 30
minutes, namely at 30, 60, 90, 120, 150, and 180
minutes. These variations were examined under
the specified experimental settings. The
experimental conditions included a temperature
of 300°C, a pH value of 6, a dosage of 0.1g, and
a concentration of 150 mg/L.

2.5.4 Effect of Temperature

The study investigated the impact of temperature
by manipulating the duration at intervals of 5°C,
namely at 30, 35, 40, 45 and 50°C. These
variations were examined under the specified
experimental  settings. The  experimental
conditions included a pH value of 6, a dosage of
0.1g, and a concentration of 150 mg/L.

2.5.5 Effect of initial metal ion concentration

The impact of the initial metal ion concentration
was investigated by manipulating concentrations
at 100 mg/L, 150 mg/L, 200 mg/L, 250 mg/L, and
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300 mg/L under the specified experimental
settings. The experimental conditions included a
time duration of 60 minutes, a dosage of 0.1g, a
temperature of 300°C, and a pH level of 6.The
metal solutions' concentrations were determined
using atomic absorption spectroscopy,
specifically  utilizing the AA500F Atomic
absorption spectrophotometer. Additionally, a
control experiment was conducted utilizing
identical solution and equipment, with the
exception of the nano-composite adsorbents.

2.5.6 Adsorption Capacity

The experimental adsorption capacity (ge mg/g)
after equilibrium was calculated as follows:

(2.2)

Te= (co ~co)%

Where Co and Ce are the initial and equilibrium
concentration (mg/L) of Pb respectively. “V” is
the volume of the solution and “m” is the amount
of adsorbent.

E% = (C"Cix 100

(]

(2.3)

Where E is the Adsorption capacity.
2.6 Kinetic Studies

The kinetic studies was carried out with different
concentrations (10mg L, 20mg L%, 30mg L1) of
solutions at room temperature (300K) in contact
with the optimum dosage prepared nanopatrticle
(adsorbent). Samples of Cu(ll) were removed at
different time intervals (20 to 100min) and the
metal concentration was measured. The metal
uptake was calculated using kinetic equations.
The sorption kinetic data of Cu(ll) on the
adsorbent was analysed in terms of pseudo first
order and pseudo second order sorption
equations. The pseudo first order equation was
first suggested by Lagergren and the equation is
below.

2.7 Equilibrium Isotherm Models

Investigating the adsorption isotherm, two
models were used. The Langmuir and the
Freundlich.

Isotherm plots were drawn from the experimental
data of the amount of Cu(ll) adsorbed per unit
mass (mg g?1) versus equilibrium solution
concentration for the adsorption of Cu(ll).
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2.8 Thermodynamic Studies

Thermodynamic equations were employed to
determine the spontaneity of adsorption and to
investigate the impact of temperature on the
adsorption process. The calculation of the
equilibrium constant, Kc, relies on equation (2.5).
Consequently, the thermodynamic equation can
be expressed in a linear form, known as the van't
Hoff isotherm equation, as depicted in equation
2.4,

AG = —RTlnk, (2.4)

327944
202313

%Transmittance

(2.5)
(2.6)

nke = (2)

Ink, = (‘%) T+ (%S)
3. RESULTS AND DISCUSSION

3.1 Infrared Spectroscopic Studies

Infrared Spectroscopic Studies for avocado
pear seed (APS) and Silver Oxide nano-
particle-Avocado Pear Seed (AgAPS): The
FTIR spectrum of APS and AgAPS and the
observed signals are presented below:
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1394 85

114843
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Fig. 1. Infrared Spectroscopic Spectrum for avocado pear seed (APS)
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Fig. 2. Infrared Spectroscopic Spectrum of Silver Oxide nano-particle-Avocado Pear Seed
(AgAPS)
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Table 1. Assignments of the IR spectra bands of functional groups in APS and AgAPS

APS band positions (cm™)

AgAPS band positions (cm)

Proposed signal group

3279 3265
2923 2929
2048 and 1986 -

1610 1629
1394 1332
1148 1149
1074 1076

OH stretching
CH stretching
C=C of alkynes
C=0 stretching
C-H bending
C-0O stretching
C-0O stretching

After impregnation of silver oxide nano-particles
(AgNOPs) onto APS, shifts were observed in the
absorption bands of the OH group from 3279 to
3265cm-1, the C-H bands from 2923 to 2929 cm-
1, the C=0 bands from 1610 to 1629cm-1, the
C=C bands completely disappeared. This shows
the interaction of the impregnated AGONPs with
the surface functional groups on the APS
surface. In addition, the presence of surface
functional group on both the APS and AgAPS
sorbents, indicates the potential of the prepared
sorbents to remove pollutants from aqueous
medium. This is in agreement with (Akpomie and
Conradie, 2020).

3.2 XRD Characterization

XRD Spectroscopic Studies for avocado pear
seed (APS) and Silver Oxide nano-particle-
Avocado Pear Seed (AgAPS):

The XRD spectra provides information on the
crystal phase of the Sorbents as shown in Fig. 3
for APS, the cellulose diffraction at 26 of 159, 17°,
27° and 31° is characteristics of agrowaste (Dai
et al., 2020). For AgAPS as shown in Fig. .4, the
face centred cubic structure of Ag nanoparticle
was confirmed by 26 diffractions at 38°, 440, 650
and78° corresponding to (111), (200), (220) and
(311) Ag reflections respectively. This proves the
presence of similar nanoparticles on the AGAPS
composites. Similar diffractions were obtained for
Ag nanoparticles synthesized from the seed
extract of Alpina Kat Sumodai as reported by He
et al., (2017).

The scherrer equation was employed in Fig. 4 to
determine the particle size of the higher peaks in
the spectra. The 26 diffractions at the 5 highest
peak, 15°, 179, 399, 65° and 78° has an average
particle size of 95nm

3.3 SEM Charaterization

Scanning electron microscopy (SEM) was used
to examine the surface morphology of the
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produced silver oxide nanocomposites at various
magnifications. In contrast to avocado pear
biomass, which is sparse and not as diagonally
formed as those of AgAPS, the avocado pear
seed nanocomposite (AgAPS) has similar rough
surfaces, irregular surface structure, and
hexagonal shape. The pictures show how the
aggregation form of the silver oxide composite is
forming an uneven surface structure. Zinc oxide
nanoparticles made from CostusAfers leaf
extract produced similar spectra (Chukwuemeka-
Okorie et al., 2023).

3.4 Effect of Time on Adsorption of
Copper onto Avocado Pear Seed

Figure below displays the findings of
the investigation into the impact of time on the
adsorption of copper onto avocado pear seed
(APS) and silver nanocomposite (AgAPS).
The proportion of copper removed rose when the
sorption duration increased from 30 to 180
minutes. The maximal adsorption capacity of
the AgAPS was 29.3966 mg/g, and the APS
was 28.1994 mg/g after 180 minutes. According
to Dawodu and Akpomie, (2014), the first
rapid adsorption may have resulted from the
material's surface adsorption followed by
penetration into the inner tiny gaps. According
to(Nwadiogbu et al., (2016), the attachment-
controlled process that results from a decrease in
the number of sites available for active
adsorption may be the source of the sluggish
adsorption rate over time.The results showed the
fast and stable nature of the process as only an
insignificant difference was observed between
the initial and final contact time (Hussain et al.,
2011). In all the time studied, AQAPS showed a
higher adsorption capacity than APS. This might
be due to enhanced active adsorption sites
created by the presence of Ag molecules. The
results obtained in this study are in agreements
with reports elsewhere (Akpomie and Conradie,
2020).
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Fig. 3. XRD Spectroscopic Spectrum for avocado pear seed (APS) Fig 4. XRD Spectroscopic
Spectrum for Silver Oxide nano-particle-Avocado Pear Seed (AgAPS)

Fig. 5. (A-B). SEM Spectrum of 500 and 1000 Mag for Silver Oxide nano-particle-Avocado Pear
Seed (AgAPS)
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Fig. 6. Effect of time on the adsorption of copper onto avocado pear seed
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3.5 Effect of pH on the Adsorption of
Copper Onto Avocado Pear Seed

In any adsorption investigation, the adsorbent
and adsorbate species are impacted by the
waste water's solution pH. This results in
changes to the surface charge and speciation at
different pH levels due to the protonation or
deprotonation of the functional groups in both the
adsorbent and the adsorbate (Akpomie and
Conradie, 2020). During the adsorption process,
charged species may come into contact with one
another via electrostatic interactions. As a result,
solution pH is a crucial factor that influences
adsorption and should be taken into account.
The figure below displays the findings of the pH's
impacts on copper's adsorption onto APS and
AgAPS. The equilibrium sorption capacity was
minimum at pH 2 (24.7965 and 24.8874mg/qg) for
APS and AgAPS respectively and reached a
maximum at pH 10 (27.6342mg/g) for APS and
pH 10 (28.1215mg/g) for AgAPS. The lower
sorption capacity at low pH can be explained by
the fact that at acidic pH, H* may compete with

Cu?* ions for the adsorption sites of the
adsorbent, thereby inhibiting the adsorption of
copper ions. Similar results are reported by
Hameed and El-Khaiary, (2008).

3.6 Effect of Dosage on the Adsorption
of Copper onto Avocado pear seed

One more significant and powerful factor
influencing the adsorption process is the dosage
of the adsorbent. Figure below shows the
outcomes of the impacts of adsorbent dosage on
copper adsorption onto APS and AgAPS. For
APS and AgAPS, respectively, an increase in
percentage removal between (88.0483
94.1900%) and (90.5850 — 95.3252%) was noted
as the adsorbent dose increased from 0.1g to
0.5¢g. This could be explained by both the
presence of active adsorption sites and a larger
surface area. Nevertheless, the opposite
pattern was noted, as seen in the figure below,
which illustrates how the adsorbent dose
increased along with a reduction in adsorption
capacity.

. Effects of pH

29

28
27
g 26
25
24

m APS
m AgAPS

23
6

pH

10

Fig. 7. Effects of pH on the adsorption of copper onto avocado pear seed

Effects of dosage
100
g 95
o
g :(5’ = APS
X 50  AgAPS
01 02 03 04 05
Doisage (g)

Fig. 8. Effects of dosage on the percentage removal of copper onto avocado pear seed
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3.7 Effect of Temperature on the
Adsorption of Copper onto Avocado
Pear Seed

The majority of contaminants' absorption

from solution is also significantly influenced by
the temperature of the effluent. In this context,
the Figure below presents the findings of the
investigation into the effects of temperature on
Copper adsorption onto APS and AgAPS. The
elimination of copper ions rose from 26.4145
mg/g to 28.5790 mg/g for APS and from 27.1756
mg/g to 28.9728 mg/g for AgAPS when the
temperature was raised from 303 to 323 K.
This suggested that the reaction process is
endothermic and that higher temperatures
favor the adsorption of copper ions onto both
adsorbents (Akpomie and Conradie, 2020).
The increase in the adsorption capacity may be
as a result of the enhanced mobility of
copper molecules with higher temperature for
more interaction with the active sites of the
adsorbent (Akpomie and Conradie, 2020).
It is also attributed to the creation of new active
sites on the adsorbent surface, due to the
removal of some surface impurities as the
temperature increases (Akpomie and Conradie,
2020).

3.8 Kinetics of Copper adsorption onto
Avocado Pear Seed

To explain the adsorption of copper onto APS
and AgAPS, the experimental data were treated
with pseudo first order kinetic model, pseudo
second order kinetic model and intra-particle
diffusion kinetic model. Plots for pseudo first

coefficient of determination R? for the pseudo
second order model (0.999 and 0.999) fare
higher than the pseudo first order model (0.904
and 0.890) for AgAPS and APS respectively, and
also the estimated ge values from the pseudo
second model were closer to the experimental
values than the pseudo first order model. The
goodness of fit and accurate prediction of ge
both indicate that the pseudo second order
model better describes the adsorption of copper
onto APS and AgAPS and that chemisorptions
is the likely mechanism of attraction (Akpomie
and Conradie, 2020). A similar result was
obtained in the adsorption of malachite green
onto rattan saw dust (Hameed and El-Khaiary,
2008). Copper and other metal ions in solution
can be transported from the aqueous phase to
the surface of the adsorbent, and can as well
diffuse into the interior of the porous particles
(Nwadiogbu et al., 2016). It is expected that the
plot of ge versus tY2 would give a linear
relationship when intraparticle diffusion is
involved in the mechanism of the biosorption
process and that intraparticle diffusion would be
then controlling mechanism if the line passed
through the origin (lgwe and Abia, 2006).
However, for the case where the plots do not
pass through the origin, the reason has been
suggested that intra-particle diffusion is not the
only mechanism involved in the sorption process
due to some degree of boundary layer control
(Bulut et al., 2008). The intercept of the intra-
particle diffusion model (25.55 and 24.81) for
AgAPS and APS respectively, indicated that
copper adsorption onto APS and AgAPS is by
surface reaction and diffusion into the pores of
the materials. This is in agreement with results

" from (Rahdar et al, 2019 ; Akpomie and
order and pseudo second order kinetic models .
X Conradie, 2020).
were presented respectively. The values of
Effects of temperature
29
oo 28
SN
oo
E 27 m APS
o
26 W AgAPS
25
30 35 40 45 50
Temperature

Fig. 9. Effects of temperature on the adsorption of copper onto avocado pear seed
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Fig. 10. Pseudo first order kinetic plot for the adsorption of copper onto avocado pear seed
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Fig. 11. Pseudo second order kinetic plot for the adsorption of copper onto avocado pear seed
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Fig. 12. Intra-particle diffusion plot for the adsorption of copper onto avocado pear seed
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Table 2. Thermodynamic parameters for the sorption of copper onto APS and AgAPS

Cu APS Ag APS
AHO 0.4323 0.3991
ASO 117.0611 105.0058
R? 0.965 0.888
AGP 303 -35,469.081 -31,816.358
308 -36,054.387 -32,341.387
313 -36,639.692 -32,886.416
318 -37,224.998 -33,391.445
323 -37,810.303 -33,916,474
4 y =0.0528x - 14.085
R2=0.9652
3.5
3 u y=10.0489x - 12.632
2.5
« & APS
c 2 &
= B AgAPS
1.5
1 ——Linear (APS)
0.5 —— Linear (AgAPS)
0 T T )
300 310 320 330
Temperature (K)

Fig. 13. Thermodynamic plot for the adsorption of copper onto avocado pear seed

3.9 Thermodynamics of Adsorption of
Copper onto Avocado Pear Seed

The thermodynamic parameters; AH°, AS° and
AG° provides a very useful information on heat
changes, spontaneity and randomness of the
sorption process. The plot of InK against
temperature are presented in Fig. 13 and the
calculated thermodynamic parameters for the
sorption of copper onto APS and AgAPS are
presented below

The positive value of AH° values recorded for
both APS and AgAPS indicated an exothermic
removal of copper by APS and AgAPS, which
correlates the increase in copper adsorption with
temperature increase. The positive value of AS®
represents enhanced entropy on the solid-
solution interface during the adsorption and
development of structural changes, and thus
irreversibility of the processs (Rahdar et al.,
2019). The negative values of Gibbs free energy
in all the temperatures studied, represents the
spontaneity of the process (Rahdar et al., 2019).
Elevation in AG®, with temperature enhances the
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extent of adsorption and at higher temperatures
the metal ion becomes hydrated faster and its
adsorption increases.

4. CONCLUSION

It was discovered that the copper ions in
industrial waste water can be adsorbed by
biosynthesized silver metal nanocomposite made
from avocado peer seed. Atomic Absorption
Spectroscopy (AAS) was used to investigate the
equilibrium kinetics and thermodynamics for the
removal of heavy metals utilizing the bio-
synthesized nanocomposites. FTIR, XRD, and
SEM were used to characterize the silver metal
nanocomposite that were biosynthesized. For the
sorption of heavy metals, equilibrium and kinetic
models were created by taking into account the
effects of dosage, temperature, initial pH, contact
time, and initial concentrations of heavy metal
ions. Avocado raw seed absorbed copper ions,
but its silver metal nanocomposite increased the
amount of adsorption. In comparison to the raw
agricultural wastes, the action of the adsorbent
did demonstrate increased adsorption for the
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nanoparticles.The maximum percentage removal
of copper ion was 92.2726% and 94.1900% for
APS and AgAPS respectively.
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