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ABSTRACT

The outcomes from this research indicated that utilizing activated carbon
derived from kiwi and peach peels on the surface of a Fe,0,-CuO (iron
oxide/copper oxide) nanocomposite increases its surface properties,
including its adsorption capability due to the high porosity and functional
groups associated with the carbon. This results in additional active sites
that can adsorb contaminants to the carbon surface. The carbon/metallic
phase synergistic effect enhances the surface reactivity of the iron oxide
and copper nanoparticles as shown by the x-ray diffraction analysis (XRD),
which shows evidence of crystalline phase formation for all the oxide
nanoparticles, along with the Fourier transform infrared spectroscopy
(FTIR) analysis indicating the presence of functional groups and
increasing number of active sites available for adsorption of contaminants.
The Brunauer-Emmett-Teller (BET) analysis of these nanomaterials
indicates that they possess high surface areas and excellent porosities,
while the zeta potential values confirm that the nanocomposite has stable
surface charges. Scanning electron microscopy and energy dispersive
X-ray spectroscopy have also been used to establish consistency in
elemental (carbon, oxygen, copper, and iron) distributions on the surface
of these nanomaterials correlating to enhanced overall adsorption and
removal efficiencies of contaminants. Adsorption involves a combination
of equivalent and distinct site types on a surface, as supported by the
Langmuir and Freundlich data; the magnetic attributes of the compound
make it easily separable/able to be reused, and therefore can function as an
efficient, promising material for use in treating water.
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INTRODUCTION

Urbanization can be viewed as a result of
industrialization. As mentioned, industrialization
can bring many positive benefits, but it has also
brought many negative side effects to the natural

* Corresponding Author Email: zainab_alaa@ymail.com

ecosystems of the planet, as it can put various
kinds of pollution into water sources. One of the
very serious problems facing every country today
is pollution of freshwater resources, which are a
renewable resource necessary to support all types
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of life [1].

The contamination of wastewater with dyes
is a huge environmental problem. This came
from many industrial processes, including textile,
leather, paper, and dye manufacturers. The
wastewater for all of these industries contains
various types of synthetic dye, and the dyes may be
very brightly coloured and have complex chemical
forms. The large-scale release of these dyes into
surface waterways results in less beautiful water
and poses a serious risk to ecosystems.

Many different techniques exist to remove
contaminants from both environmental waters
and wastewater. The most common approaches
can be classified into biological, chemical, and
physical water treatment processes (see Fig. 1) [5].
Among all of these treatment methods, one type
is known as the most common, which is referred to
as adsorption, the collection of certain molecules
(i.e. adsorption) at a gas-solid interface or a liquid-
solid interface, this is considered an adsorption
phenomenon. [6].

Adsorption is one of the most widely accepted
techniques for removing dye from wastewater,
as all, basically, they all have advantageous
properties such as being efficient, inexpensive,
energy-efficient, easily designable and easy to
use [8]. Commercial activated carbon has been
the preferred adsorbent used in the industry;
however, there is continuing research for other

cost effective and efficient organic/inorganic
alternative sources for adsorbent due to the
various high costs associated with producing and
regenerating commercial activated carbon [9].

According to [10], nanomaterials make
excellent solid-phase adsorbents. Compared
with conventional types of adsorbent materials,
nanomaterials have some very different
characteristics (1) due to their smaller size and
larger surface area they will interact more with
either other nanomaterials or the analytes of
interest, thus they will provide better adsorption/
separation performance than most conventional
types of adsorbents [11]. (2) Nanoparticles exhibit
excellent surface energy and diffusion rates; all
particles will be in total contact with each other,
allowing them to reach equilibrium quickly after
exposure to a contaminant and providing them
with exceptional adsorption characteristics for
many types of contaminants - especially metal ions
and organic compounds [12]. (3) Nanomaterials
are also easy to modify - by changing the surface
chemistry of these materials it is possible to create
even better-performing adsorbents by producing
differenttypesoffunctionalgroups that can be used
to selectively extract target compounds. Because
of these valuable properties, nanomaterials have
been utilized extensively throughout the various
fields of chemistry as adsorbents [13].

Recently, there has been an increase in the
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Fig. 1. Diagram of different techniques for dye removal from water followed by adsorption technique.
utilization over other water treatment techniques [7].
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number of publications where researchers are
investigating the possibility of using nanomaterials
such as modified silicon and zeolites, as well as the
potential benefits of using these types of materials
(ZnO and TiO, with clay or in combination with
other materials l.e., metal-organic frameworks,
carbon nanocages, graphene, nanotubes, porous
polymers, Fe O,, CuO, functional 3D boron nitride
nanostructures) for the removal of dyestuffs
from aqueous solutions [14-18]; in fact most of
them can be reused and are extremely effective
in removing dyestuffs due to their large specific
surface area and are therefore quick to do so.

The present study was conducted on the

dyes, Crystal Violet & Eriochrome T (Fig. 2), from
an aqueous medium onto Fe304/CuO/Activated
Carbon Nanocomposite. The study also provides
kinetic modeling and equilibrium isotherm
analyses along with primary data for investigating
the effects of varying experimental parameters
such as initial dye concentration, sorption contact
time, temperature and sorbent dosage.

MATERIALS AND METHODS
Materials

Kiwi and peaches collected from the domestic
market, Misan, Iraq; Ferric chloride anhydrous
(%97 THOMAS BAKER), Sodium hydroxide (%98,

adsorption of two commercially available textile THOMAS BAKER), Hydrogen chloride (%37,
H,C..® CH
a 3 \N/ 3 Cle b NO2
0
N S-0""Na
" [l
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I | OH
H.C CH,

Fig. 2. a) Crystal Violet (CV) dye b) Eriochrome Black T (EBT) dye Chemical Structure [19-20].
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ROMIL-SA), Hydrated copper (Il) Sulfate (%99.9,
HI media -India), Ethanol absolute (%99.9, ROMIL-
SA), Iron (Il) sulfate heptahydrate (%99.9, HI media
-India) These materials are highly pure and do not
require purification, Creating an ionic solution
with deionized water, Polyethylene glycol (%99.9,
Sandy croft-UK), Crystal violet (%99.9, HI media
-India), Eriochrome Black T(%99, CDH -INDIA).

Preparation of nanocomposite Fe_ O,-CuO

0.9 g of acetanilide was added to 80 mL of
an aqueous solution containing salt that had
been made by dissolving 1.67 g of ferric chloride
hexahydrate (FeCl-6H,0) into 50 mL of pure
deionized water. Separately, 1.50 g of ferrous
sulfate heptahydrate (FeSO,-7H,0) was dissolved
into 40 mL of pure deionized water. The two above
solutions were combined and heated to 60°C
while stirring. One drop at a time, 1 M sodium
hydroxide (NaOH) was added to the mixture until
the pH of the mixture was between 9 and 10.
The mixture was stirred for an additional fifteen
minutes. The black precipitate created from the
above reactions was filtered from the reaction
mixture by using a magnetic bar and an external
magnetic field as described previously [21]. After
the filtered solution had been cleaned repeatedly
by using both deionized and ethanol, the cleaned
precipitate was allowed to settle to room

temperature for 10 minutes. The wet precipitate
then underwent a drying process in an oven at 60
°C for 1 hour. A diagram of the entire procedure is
shown Fig. 3.

Preparation of Activated carbon from kiwi and
peach peels

Kiwi and peach skins are harvested, then hand
washed to remove dirt before being left uncovered
outside under direct sunlight for 1-2 weeks for
total drying. They will then be cut into small pieces,
then ground into fine granules. In an acid resistant
glass container, 10g of the peel will be mixed with
12ml of phosphoric acid (85% H,PO,) and enough
water (50-100ml) to cover the mixture. The
mixture must be stirred for a period of 2-4 hours
at room temperature to thoroughly combine, and
then left to sit overnight to allow for maximum
absorption. After sitting overnight, the solution
will be strained, through a 45 micron filter paper
to remove excess liquid and then dried in an oven
at 105 °C for a period of 2-6 hours. A small heat-
resistant crucible is used to put the dried sample in
then put a lid on the container to minimize airflow
and then put the crucible in a muffle furnace; the
temperature is raised 5-10 degrees C/ minute until
450 degrees C for 1 hour. Once the heat source
has been turned off, the crucible is allowed to
cool to room temperature prior to removal of the

‘We collect the 080 p— .
P Dry at 60-80° rush it into 2-5
kiwi peels, y
peach peel and Completely dry * mm granules or
we wish it well light dust
Carbonization/ Filter and drying Impregnation
Activation at 105-C for 2-6
Washing with Final
hot water and —n 4 ma S?ml?le
dilute 0.1 HCl rymg grinding

Fig. 4. Flowchart of synthesis Activated Carbon.
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sample. The filtered sample is washed first with
hot water to remove any phosphate residues and
retested for pH, second by using a dilute acid wash
(0.1M HCI), and third with hot water until the pH
is neutral. The dried product is then dried at 105°C
for 3-6 hours., Fig. 4.
Preparation of Fe,O,-CuO nanoparticle grafted on
carbon activated

To create activated carbon (AC) loaded with
iron oxide (Fe,0,) and copper oxide (CuO), the
following methods should be used. Start by
dissolving 0.5 g of activated carbon in 80-100 m| of
deionized water using sonication for 3-5 minutes
and stir to mix thoroughly. Dissolve 1.0 g of Fe,O,
(CuO) powder, made according to the previous
instructions, in 70 ml of deionized water and
blend together, then gradually add this solution
to the activated carbon suspension while stirring,
using a sonicator for 15-30 minutes to assist
with full dispersion. The resulting product will be
then separated by filtration through filter paper,
washed 2 times with water and once with ethanol
for salt removal. The product is dried in an oven at
60 to 80 degree Celsius (C), over a period of 30 to
60 minute, producing AC loaded Fe304/CuO [23],
show in the Fig. 5.

Characterization method
The tools employed in the experimental studies
consisted of Laboratory Oven (WR-20, Co, Ltd.

China), Sensitive electronic balance (, WORNER
LAB«China), Hot plate with Magnetic stirrer (MSH-
420, BOSCO, Germany), Muffle furnace (CWF1200,
CARBOLTE, UK), Bath sonicator (WHC-A10H,
Daihan Scientificc China), UV Spectrophotometer
(1800, SHIMADZU, Japan),X- ray diffraction (Philips
xpert PA analytical Holland, Iran) used for studying
of Fe,0,-CuO NPs,Fe_O,-CuO-Ac, Scanning electron
microscopy (Sem) (TESCAN MIRA3 FRENCH, Iran )
under an accelerating voltage 15 kv, Zeta potential
)Dynamic Light Scattering,SZ-100,Japan).

RESULTS AND DISCUSSION
FT-IR spectroscopy

FTIR spectroscopy examined the functional
chemical groups of the synthesized Fe,0, and CuO
nanoparticles in the 400-4000 cm-1 range. Fig. 6
depicts six main peaks typical of the nanoparticles:
3394 cm?, 1620 cm?, 1553 cm?, 1492 cm®, 1340
cm?, and 1070 cm™. These peaks correspond
with the following vibrations: O-H hydroxyl group
in alcohol, C-O from primary alcohols; C=0 from
alkenes, C-N, and =C-H groups. Conversely,
the band between 400-500 cm™ corresponds
with our Fe,O, and CuO nanoparticles’ Fe—O/
Cu—0 stretching vibrations [25]. In addition, the
FTIR (Fig. 4) for the Ac kiwi peel sample shows
one extended O-H band at 3455 cm?; this band
is ubiquitous among many plant peels, and
the weak bands at 1250-1049 cm-1 indicate

Dissolve of Deionized water

sonication for

activated carbon |———— > 3-5 minutes 1 Fe304-CuO
powder
Deionized|water
sonicator for Gradually add Mix well
15-30 this mixture to the
activated carbon
l suspension

Separated by .

Final
filtration ™ .

drying

Dissolve of

Fig. 5. Flowchart of synthesis Fe,O,-CuO NPS loaded for Activated Carbon.
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aliphatic hydroxyl functional groups. The infrared
spectrometry analysis of the surface of board
at frequencies of 2922 cm™ (C-H of the methyl
group), 1735 cm™ (C=0 of the ester groups), 1648
cm™ (C-C of the aromatic groups), 1527 cm™ (C-N
plastic vibration) indicates that carbon has more
sites available for absorption, due to the presence

of (C=C) aromatic groups which can be attributed
to cellulose transforming into graphite-like carbon
upon roasting [26]. The presence of low frequency
bands in the finger area 500-600 cm™ gives an
indication of ash or silica contained in the crusts.
Fig. 6 illustrates the comparative spectra between
the Ac peach peels and indicates the presence of a

—

Fe,0,-CuO\Ac kleESS’lLVWW

Fe O ,-CuO\Ac peach peels

- —

T%

AC Peach peels

AC Kkiwi peels

Fe, O,-CuO NPs
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T T T
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T
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Fig. 6. FT-IR spectra of Fe,0,-CuO, Ac kiwi peels, Ac Peach peels, Fe,0,-cuO\Ac peach peels, Fe,O,-CuO\Ac kiwi peels
nanoparticles.
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Fig. 7. XRD analysis of (Fe,0,-CuO) nanoparticles, Fe,O,-CuO\Ac kiwi peel, Fe,0,-CuO\Ac peach peel.
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broad band, representing the hydroxyl O-H group
(3458/3415 cm™) which is characteristic of plant
peels [27]. Broad, weak bands are observed in the
1103-1049 cm™ region that can be attributed to
hydroxyl groups. Several bands were identified
at the following frequencies: 2918 cm™ (the C-H
broad band of the methyl group), 1745 cm™ (the
carbonyl (C=0) group), 1668-1637 cm™ (from
the lignin network), 1527 cm™ (the C=C (Non-
aromatic) band), corresponding to (Ac) in the
spectra and C-N vibrational group. The presence
of these groups on the carbon surface prior to
and after acid treatment can provide additional
sites for sorption to occur. In addition to these,
some weak vibrations (493-615 cm™) were
detected and suggest the existence of ash/silica
in crusts [28]. Another important characteristic
in the Forth spectrum for the compound Fe,O,-
CuO/Ac peach is that it displays 3414 cm™ band,
which can be associated with a broad band due
to O-H hydroxyl groups. Such bands are typically
seen for plant peels. Significant broad bands seen
at around 1043 cm™ suggest the presence of
alcohol functional groups. A series of bands seen
at 1643 cm™ are due to the broad C=C aromatic
group present in Ac and are representative of
the C—N vibrational group, which is an indicator
of additional sites for adsorption on the carbon

.

- -
3 .= 36.62 nmy
- -

S
=~ > 3

MIRAS TESCAN

surface prior to and post acid treatment. The
formation of aromatic C=C groups as a result of
transforming the configurations of cellulose during
the roasting process has also aided in increasing
the aromatic character of the carbon structure. In
addition, weak bands ranging from 422—-611 cm™
have also been observed as evidence of Fe—-O and
Cu-O stretching vibrations in the Fe,0, and CuO
compounds, respectively. The FTIR spectrum of the
kiwi compound Fe304—CuO/Ac also demonstrates
a broad absorption between 3400-3500 cm™,
characteristic of an O-H hydroxyl group. In this
spectrum, weak, broad peaks from 1161-1074cm™
may also be indicative of the presence of alcohol
functional groups. The presence of bands at 1637-
1616 cm™ and at 1541 cm™ indicates that the Ac
compound has an aromatic C=C group [31] and a
C—N vibrational functional group. This implies that
these C=C groups will yield a carbon framework
with an increased aromatic character due to the
rearrangement of the cellulose structure upon
being roasted. Slight vibrations (observed in the
range 472—-617 cm™) were observed and assigned
to the stretching modes of Fe—O and Cu—O bonds
in the CuO and Fe,O, materials, respectively [32].

XRD analysis
Fig. 7 below shows the X-ray diffraction (XRD)

S = 42.53 NMm

r

D2 = 54.20 nm

D1 = 70.68 nm

Fig. 8. SEM images of (a) Fe,0,-CuO nanoparticles, (b) Fe,0,-CuO/Ac of peel kiwi nanoparticles, (c) Fe,0,-CuO/Ac of peel peach
nanoparticles.

J Nanostruct 16(2): 2097-2114, Spring 2026
[ |

2103



N. Abdulaali et al. / Dye Adsorption by Fe;0./CuO/Activated Carbon

planes CuO, Fes04 and nanoparticles produced
from the CuKa radiation (A= 1.54 A) with conditions
of 40 Kv and 30 mA. The observed peaks produced
peaks (220), (311), (511), (440) at distinct angles of
30.25°,35.62°, 57.28° and 62.78° respectively. This
means that the Fe3O4 nanoparticles were formed
in a pure monoclinic structure and did not contain
any impurities either from the synthesis process or
any prior processes (reference JCPDS card number
88-0866) [33]. The best example of a (311) peak
is also seen in the literature at the overlapping
peak shared between Fe;04 and CuO, which is at
an angle of 35.62°. Additionally, there were many
more diffraction peaks observed at (220) as well
as were observed corresponding to the CuO phase
at the (220) crystal planes from (220) diffraction
reflected as well [34]. Since these peaks were not
present when comparing the diffraction peaks in
the Fe;04 to the diffraction peaks of CuO, it can
be concluded that the Fe304-CuO nanocomposite
was synthesized. Since the XRD analysis showed
clear-cut, distinct and sharp diffraction patterns
for all the 44-CuO and 44-Fe;04 nanoparticles, this
indicates that they are made up of polycrystalline
structures with a crystal size of 3.9 nm, as
determined by the Scherrer Equation [35].

Scanning  Electron  Microscope and Energy
Dispersive X-Ray Analysis (SEM& EDX)
The nanoparticles of the Nanoscale dimensions

of 200 nm (Fig. 8a) display a homogeneous
nanostructure of the Fe,O,-CuO compound
in which the Fe,0,-CuO has been formed as
nanoscale spherical and distributed nanoparticles
due to magnetic and intermolecular attractions
between them. The Fe,0,-CuO particles’
diameters were from (36-45) nm across. These
results corroborate the previous work(s)
estimation of the incomplete formation of the
Fe,0,-Cu0 composite nanoparticles, which
generally have an approximate size range of 25-
60 nm (36). Additionally, the surface texture of
this nanocomposite indicates the materials have
an increased surface roughness (i.e. are rough)
therefore enhancing adsorption and catalysis
performance due to large surface area. The Fig.
8b image, showing combined and/or irregularly
shaped, clustered will indicate that the Fe,O,-
CuO is distributed on the surface of the activated
carbon, resulting in increased active surface area
with additional sites for adsorption as compared
to activated carbon alone. Fruit peel-derived
activated carbon is formed by an activation
method that produces a small-to-medium-sized
pore structure at the surface. Previous studies
support this finding [37]. There are nanoparticles
in close proximity to the carbon surface with a
size of 30-45 nm (Fig. 8c); these dimensions fall
within the range of 1-100 nm, thereby optimizing
their available area for surface interactions. It is

0
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Fig. 9. EDX spectra of (a) Fe,0,-CuO nanoparticles, (b) Fe,0,-CuO/Ac of peel kiwi nanoparticles, (c) Fe,0,-CuO/Ac of peel peach
nanoparticles.
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evident from the data that both Fe,O, and CuO
nucleate and adhere to the activated carbon
surface, creating additional pore-like structures
and thus increasing the number of effective
reaction sites (interconnected porous networks).

SEM images illustrate that the activated carbon
is either deposited or “loaded onto” the Fe,O,-
CuO composite material within the report. Some
researchers have suggested that activated carbon
produced from fruit/vegetable sources typically
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Fig. 10. Zeta potential spectra (a) Fe,0,-CuO nanoparticles of Fe,O,-CuO nanoparticles, (b) Fe,0,-CuO/Ac of peel
kiwi nanoparticles, (C) Fe,0,-CuO/Ac of peel peach nanoparticles.
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exhibits a relatively high level of porosity, resulting
in an increased number of available active surface
reaction site densities [38].

The EDX analysis of the Fe0O,-CuO
nanocomposite provided the results illustrated
by Fig. 9a; Fig. 9a showed that active carbon was
formed as the base material from the analysis
is approximately 80.47% (Fe), 17.11% (O), and
2.41% (Cu) by weight with the atomic percentages
being approximately 41.97%, 56.54%, and
1.49% corresponding to iron, oxygen and copper
respectively, which closely resembles results from
previous studies ([39]). The peaks for each of the
elements listed (C, Fe & Cu) were all evident (Fig.
9b) indicate that both the Fe,O, and CuO were
combined together on the surface of the carbon
matrix during preparation and subsequent storage.
The EDX spectra produced from the present
investigation is in line with similar EDX results
in earlier studies as well ([38]). As seen in Fig. 9,
both the substrate shows evidence of iron (Fe)
and carbon (C) through a successful ferric oxide
(Fe(111)) reduction reaction to produce copper (Cu)
from cupric oxide (CuO). Evidence of oxygen (O)

was detected combining with the metal oxide. The
presence of these elements illustrates efficient
loading of the nanocomposite onto the activated
carbon surface [40].

Zeta potential

The zeta potential (A) is the potential energy
associated with the movement of ions and
colloids due to the applied electric field; it is
a measurement of the surface charge used to
provide information on suspension stability via
zeta potential measurements. Particles that
exhibit near-neutral zeta potentials or mildly
charged surfaces will have a negligible amount
of charge at an average of approximately (-0.4
mV) as illustrated in Fig. 10a indicating no net
charge is present on the surface of the Fe,0,-CuO
compound. This low surface charge indicates that
this compound is only weakly held together by
electrostatic forces. However, when 0.1% PEG is
used at dilute concentrations, it forms a vacuum
barrier at the surface of the particles, thereby
providing effective stability against particle
aggregation by providing steric hindrance—a

—&—Fe304/CuO/Acofkiwi —#—Fe304/CuO/Ac of peach —8—Fe304/Cu0/Ac of kiwi —l—Fe304/CuO/Ac of peach
80 80
70 4 70
601 |E| 60 -
50 A 50 4
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Ed 40 ;‘ 40 -
30 A 30 A
20 A 204
10 4 10 4
0 T T T T 0 T T T T
0 50 100 150 200 250 0 50 100 150 200 250
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@Fe304/CuO/Ac of kiwi  AFe304/CuQ/Ac of peach AFe304/CuO/Ac of kiwi @®Fe304/CuO/Ac of peach
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Fig. 12. Effect of Intial concentration of (a,c) Fe,0,/CuO/Ac of kiwi of Crystal violet , and (b,d) Fe,0,/CuO/Ac of peach of
Erichrom black T.
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well-established method of providing stability to
ionic systems using nonionic polymers—thereby
significantly enhancing the stability of the Fe
3 O 4 -CuO system as compared to both the
control and 1.0% PEG (0.2% w/v) systems. Zeta
Measurement conducted on Kiwi Peel created
AC/ Fe,0,-CuO composites yielded a negative
surface potential of -27 mV at room temperature
25 degrees Celsius (°C) as depicted in Fig. 10b.
This indicates that the surfaces are negatively
charged due to the ionization of functional
groups such as COOH and -OH. The moderate to
good colloidal stabilities suggest that sufficient
electrostatic repulsive forces exist to prevent
agglomeration of the particles which enhances
the adsorption of cationic dyes because of the
electrostatic attraction between the negatively
charged particles and the positively charged dye
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molecules. The uniform peak distributions also
support the homogeneity of the surface charge
and the success of the loading process [42].
Based on zeta potential measurements as shown
in Fig. 10c (three separate measurements); the
generated combination of Fe304/CuO (2:1, by
weight) provided an average zeta potential value
of - 26.8 mV, which is attributed to the negatively
charged oxygen functional groups along the
carbon surface. This measurement also highlights
the exceptional cationic dye absorption capacity
of the Fe304/CuO combination with the associated
contribution from the iron and copper oxides [43].

BET surface

Micropores and  semi-pores  constitute
the majority of activated carbon’s (from kiwi
peel) ability to adsorb contaminants using
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Fig. 13. Effect of Equilibrium time of (a,c) Fe,0,/CuO/Ac of kiwi of Crystal violet, and (b,d) Fe,0,/Cu0O/Ac of peach of Erichrom
black T.
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the adsorption mechanism. When plotting
an adsorption isotherm in Fig. 11 using a BET
analysis, activated carbon’s adsorption curve will
demonstrate a consistent and gradual rise with
increasing P/P°; thus, indicating that most of
the adsorption process for activated carbon will
occur within the micropore region [44]. Peach
peel contains chemical compounds that, when
converted to activated carbon, resultin an increase
in both the total number of pores and the total
surface area of the activated carbon (compared
to activated carbon derived from kiwi peel). In
addition, the BET adsorption isotherm for peach
peel-based activated carbon will demonstrate the
highest cumulative N2 (number of moles per unit
volume) adsorbed at every P/P° point, indicating a
substantially higher pore volume density than the

activated carbon derived from kiwi peel. Moreover,
the addition of metal oxides, such as Fe304& CuO,
will slightly reduce the surface area of activated
carbon, as determined by BET, compared to the
surface area of activated carbon that has not been
loaded with the respective oxide(s). Iron oxide(s)
and copper oxide(s) may occlude some of the
micropores created within the activated carbon
material. When activated carbon is loaded with
oxide materials, effective pore size will decrease
for early adsorption due to the emergence of
the metal oxide(s), while resulting in a potential
increase in chemisorption on the oxide surfaces
[45]. The addition of metals to the PEACH AC
significantly decreased the surface area compared
to the unloaded PEACH AC, however it still had
significantly greater surface areas than both the
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Fig. 14. Effect of PH of (a,c) Fe,0,/CuO/Ac of kiwi of Crystal violet , and (b,d) Fe,0,/CuO/Ac of peach of Erichrom black T.
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KIWI AC and the LOADED KIWI AC. The height of
the static adsorption curve for LOADED PEACH
AC was greater than the three other samples.
Furthermore, as the original PEACH AC has a large
amount of surface area, the loading of the metal
oxides (Fe,0,/CuO) will still have a relatively high
surface area because it is based on a larger starting
point. [46].

Adsorbtion
Intial of Concentration

The removal percentage (R%) falls at high
concentrations because of the scarcity of active
sites and the occurrence of surface saturation,
whereas the adsorption capacity (qe) rises with
growing initial concentration because of the
increased driving force for the pollutant transfer
towards the surface of the activated carbon,
Fe,O,, and CuO as shown in Fig. 12. This behavior

E

—=8—Fe304-CuO/Ac kiwi =—#=Fe304-CuO/Ac peach
100
90 - EI
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70
60
50
40 A
30
20 A
10 A

R%

T T
290 300 310 320 330

Temperature (K)

is in line with reports found in published works on
magnetic nanocomposites and activated carbon
[51].

Effiect of equilibrium time

Adsorption of molecules and ions occurs on
vacant areas of the activated carbon surface, and
as time increases, the amount of molecules and
ions adsorbed by adsorption on activated carbon
reduces the concentration difference between the
surface of the activated carbon and the solution;
therefore, decreasing the adsorption rate of the
solids to the activated carbon. The initial stage of
the adsorption process has high rates, but will be
approaching equilibrium, where no more solids
can be absorbed by activated carbon. Adsorption
at the beginning of contact has high rates due
to the high number of vacancies, and after time,
vacancies become fewer and fewer, the rate
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Fig. 15. Effect of Temperature of (a, c) Fe,0,/CuO/Ac of kiwi of Crystal violet, and (b, d) Fe,0,/CuO/Ac of peach of Eriochrome
black T.
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Fig. 17. Langmuir isotherm for adsorption of the mixture (Fe,0,-CuO/Ac of kiwi and peach) a temperature of 25C, pH 3 and
the initial concentration 75 mg/ L on (a) EBT (b) CV.

Table .1. Langmuir and Freundlich constants for Crystal violet, Eriochrome black T, on the surface of the mixture (FeSOA-CuO/Ac
of peel kiwi and peel peach).

Langmuir equation

Freundlich equation

Dyes Surface
KL Q max R? KF 1/n R?

Fe304-CuO/Ac of peel kiwi 4.38 283.7 0.9624 71.862 1.7 0.9931

Crystal violet
Fe304-CuO/Ac of peel peach 5.3 188.7 0.9989 225.11 1.8 0.9906
Fe304-CuO/Ac of peel kiwi 4.75 526.3 0.9988 367.3 13 0.9628

Eriochrome

black T

Fe304-CuO/Ac of peel peach 6.25 400 0.9967 204.3 1.2 0.9886
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of the reaction will become slower, and after
reaching equilibrium, the amount of adsorption
on activated carbon does not continue to increase,
as demonstrated in Fig. 13.

Effiect of PH

The pH will influence the type and charge
of the molecules or ions within the solution
at different pH levels, depending on the pH of
the adsorbent and its surface. The electrostatic

attraction between the solute and the adsorbent
surface will determine whether the adsorbent
surface is negatively or positively charged as the
pH increases to certain limits. When Qe reaches
its maximum near the equilibrium pH, the charge
on the adsorbent surface will be opposite to the
charge of the solute molecules in solution. This
would result in a higher removal %R of solutes at
a pH that will enhance the attraction between the
adsorbents surface and the solute to be removed

Fe304-CuO/Ac kiwi

#Fe304-CuQrAc peach

Log qe
Log qe
(%Y =,

y=2.5395x+0.3695
R*=10.9886

Log Ce

Fig. 18. The Freundlich isotherm for adsorption of the mixture (FeSOA—CuO/Ac of kiwi and peach)
at a temperature of 25C, pH 3 and the initial concentration 75 mg/ L on (a) EBT (b) CV.
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[48], as shown in Fig. 14.

Effect of temperture

The temperature has a significant impact
on controlling the adsorption equilibria on
nanosurfaces because it directly affects the kinetic
energy of all molecules, and as the temperature
increases, it also increases the likelihood of
molecular collisions with the adsorbent’s surface.
Conversely, increasing the temperature may also
enhance the pore size (therefore, increasing pore
permeability) and aid in the diffusion of molecules
through the pores, thus raising Qe; however,
in some instances, the adsorption process is
endothermic, while in others, the adsorption
process is exothermic, and therefore, increasing
the temperature causes an inhibition of the
reaction and a subsequent decline in both Qe and
R% (Fig. 15).

Adsorption Isotherm

The adsorption of carbon produced using kiwi
and peach peels to the surface of an Fe,O,-CuO
nanocomposite was studied using 0.01 g (Fe,0O,-
CuO) in a 50 mL solution, pH 3 for EBT dye, pH 9 for
CV dye, and contact times of 120 s for Crystal Violet
dye and 180 s for Aero chrome Black T dye, at 25
°C (Fig. 16a, b). The correlations of Ce with Ce/
Qe indicated good agreement with the Langmuir
model on both of these surfaces (Fig. 17a, b). The
relationships ofLnCe vs Ln Qe were consistent with
the Freundlich model (Fig. 18a, b). The Freundlich
equation represents the adsorption characteristics
of heterogeneous surfaces, the adsorption of
heterogeneous materials, and multi-layer and
different energy adsorption [50]. Based on these
results, it was concluded that the adsorption
processes on the Fe,0,-CuO-activated carbon
composite conformed to both the Langmuir and
Freundlich models. According to the results, there
is an excellent match between experimental
data from both the Langmuir and Freundlich
Models of Adsorption, with a particularly good
fit with the Langmuir Model due to its one-layer
adsorption of adsorbates directly onto Fe,O,
and CuO molecules. This implies the presence of
relatively homogeneously distributed adsorption
sites on the external surfaces of the materials
being studied [51]. Thus, this confirms that the
materials are homogeneous with respect to
their single-layer surface adsorption capabilities.
The data for the Freundlich Model indicates that

2112

the materials contain heterogeneous surfaces
and therefore also provide for the possibility
of multilayer adsorption because of the wide
variety of pore sizes and functional groups that
comprise the activated carbon structure (Fig.
18). Therefore, the agreement between these
models provides evidence that the surfaces
contain both a combination of homogeneously
and heterogeneously distributed sites; this is very
typical behavior for most nanomaterials [52]. RL
represents the shape of the adsorption curve and
defines whether the system exhibits favorable,
unfavorable or irreversible adsorption (R?<0).
The Table 1 shows the statistical results of the
following variables: Q max; KL; KF; R? for each
of the curves created from plotting the surface
adsorption of carbon (activated) on the (Fe,O,
— CuO) (surface) by the produced adsorbents
(prepared adsorptions) [53].

Pseudo-Order

The results in Fig. 19 show that the second-
order model is the most suitable to describe
the adsorption process compared to the first-
order archetypal, because the R coefficients
of the second model are much higher. This
reflects that the reaction sites on the surface of
the nanocomposite are the main determinant
of the rate and absorption, and not just the
concentration of the substance [54]. The predicted
values for adsorption capacity (qe) were closer
to experimental values than the first-order
model. This implies that the surface adsorption
mechanism has a bigger impact on the reaction
rate, and that the rate-limiting step includes
either a chemical reaction or an electron exchange
between the surface sites of the nanoparticle or
the adsorbent (Fig.19a,b) [55]-

CONCLUSION

Based on the results obtained, it can be
confirmed that preparing activated carbon from
kiwi and peach peels and loading it onto the
surface of the Fe,0,-CuO nanocomposite led
to the formation of a composite material, and
the Fe,O, and CuO nanoparticles enhanced the
surface activity as a result of the harmonious
effect between the metallic and carbon phases.
The advanced porous structure and high specific
surface area contributed to increasing the number
of active sites available for adsorption and had
advanced physical and chemical properties.
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The results also showed:

1. The adsorption mechanism is due to the
interaction of several reactions, such as electron
exchange between the pollutant and the surface,
electrostatic attraction, and hydrogen bonds.

2. The adsorption capacity (Qe) and removal
percentage (%R) were high compared to unloaded
carbon.

3. That the adsorption process was mostly
chemical the kinetic data followed a pseudo-
second-order model, indicating.

4. This indicates the formation of a monolayer
of adsorbed molecules at relatively homogeneous
sites, where the equilibrium data agree with the
Langmuir model.

5. Where the results also agree with the
Freundlich model. This indicates a heterogenous
surface and multilayer adsorption at some sites.

6. Where the surface combines homogeneous
and heterogeneous regions, this dual conformity
and complex surface structure reflect the
incorporation of metallic nanoparticles with
porous carbon.

7. The magnetic properties of the composite
facilitated the maintenance of high efficiency
during reuse cyclesin the separation and extraction
process after adsorption. Therefore, activated
carbon loaded onto the Fe,O,-CuO composite
is a promising material with characterized by
good stability and high adsorption performance.
practical applications in efficient and economical
industrial water treatment.
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