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Abstract

The three metal ions Cu (II), Ni (II), and Mn (II) were removed from plating
wastewater using activated carbon made from melon husks (ACM), both in the
presence and absence of ultrasonic vibrations. The effects of adsorbent dosage,
contact time, and pH on the adsorption of Cu (II), Ni (II), and Mn (II) from
wastewater were investigated in batch adsorption studies. A comparison of
adsorption studies carried out with the aid of ultrasonic waves showed a higher
uptake of heavy metal ions in the presence of ultrasonic waves than without
ultrasonic vibrations. The adsorption capacity (Qm) of the activated carbon (ACM)
obtained from the Langmuir isotherm was higher in the presence of ultrasonic
waves. The adsorption capacity (Qm) of ACM in the presence of ultrasonic waves
was 2.235 mg/g, 1.473 mg/g, and 0.985 mg/g for Cu (II), Ni (II), and Mn (II);
without irradiation, the values were 1.742 mg/g, 0.704 mg/g, and 0.524 mg/g for Cu
(IT), Ni (II), and Mn (II) by Langmuir isotherm models. The adsorption process was
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of Cu (II), Ni (II), and Mn (II).

irradiated with an ultrasonic wave and, without irradiation, obeyed pseudo-second-
order kinetics. The adsorbents were characterized using SEM and EDS analyses.

The SEM images revealed the porous structure of the adsorbent for the adsorption

Keywords: Adsorption Isotherm, activated carbon, melon husk, electroplating
wastewater, ultrasonic wave, pseudo- second-order kinetics

Introduction

The environment is exposed to harmful
substantial metals by industries such as
dyeing,  vehicle

mining,  plating,

manufacture, ceramics, metallurgical,
and metal processing (1). The presence
of heavy metals' in the environment has
resulted in a slew of environmental issues
(2). Heavy metals

are non-

biodegradable and can accumulate
in living tissues, thereby causing
numerous disorders and
illnesses(3). Heavy metals such as
copper (Cu 2 as a hazardous metal have
been linked to causing neurotoxicity,
universally known as "Wilson's disease,"
in humans. Copper has also been reported
to cause jaundice, lung cancer, and an
enlarged liver in certain people(4). While
nickel ion (Ni?*) exposure in the
environment above its permissible limit
causes skin dermatitis, lung fibrosis,
renal

oedema, and gastrointestinal

distress, among other diseases(5).

Exposure to the manganese ion (Mn)

has

Excessive

above its permissible limit

detrimental health effects.
manganese ion consumption, most from
inhalation or ingestion, can cause central
nervous system (CNS) damage as well as
renal failure (5).

Owing to the magnitude of problems
caused by heavy metal pollution, various
orthodox treatment approaches have been
established for the treatment of heavy
metals in wastewater before they are
poured out into the environment(6).
orthodox treatment methods such as
chemical precipitation(7),
electrocoagulation(8), oxidation-
reduction(9), ion exchange(10), ultra-
filtration(11), flocculation(12), reverse
membrane

osmosis(13), and

separation(14). However, there are some

environmental and economic
disadvantages associated with the
mentioned treatment methods, which
include the high costs, delay in
operations, inadequate removal

effectiveness, production of secondary
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pollutants, complex technical treatment, dependence on oxidizing agents, and slow
operational duration(15).

On the other hand, the adsorption treatment method has been well-known as an
alternative treatment quality method compared to other methods because of its low
cost, effectiveness, ease of use, great adaptability, reusability, and availability of
different adsorbents (16—18). Much emphasis has been paid to the usage of activated
carbon (AC) as an adsorbent in the adsorption process because of its high internal
surface area, permeable structure, large surface area, functional surface clusters, and
ample adsorption capacity(19). Still, the high cost of production associated with the
use of commercial activated carbon for the purposes of water and wastewater treatment
has necessitated the research and utilization of affordable, abundantly readily available
agricultural waste products for the production of activated carbon. The use of
agricultural waste products for activated carbon production converts low-value
agricultural waste into valuable, high-use adsorbents. It is also an excellent means of
managing agricultural solid waste, reducing environmental pollution, and contributing
to the increased economic potential of a country through a decrease in activated carbon
importation(20).

In recent times, several agricultural waste products have been employed by researchers
for the production of activated carbon. Some of these waste products include corn
cobs(21), mango seed coat(22), rice husk(23), mustard husk(24), coconut shell(25),
almond shell(26), acorn shell(27), walnut shell(28), sunflower(29), corn bract(30),
pecan nutshell(31), peanut shell(32) and orange peel(33).In this study, melon seed
husk was used for the preparation of activated carbon.

Melon seed plant belongs to the Cucurbitaceae vegetable family. Cucurbitaceae are a
large vegetable family composed of  nearly = 100 generation and 750s  species.
This family of plants is famous for its vast genetic diversity(34). This group of plants
is noted for its incredible genetic variety and wide range of adaptation, which
encompasses tropical and subtropical climates, arid deserts, and temperate climates
(35). Egusi (Colocynthis citrullus L.) is a member of the Cucurbitaceae family's
Citrullus genus, which includes a vast variety of varieties that are commonly referred
to as melons. Egusi is one of the three hundred melon types situated in equatorial
Africa, and it is grown for its seeds, which are high in oil (53%) and protein (28%)(36).
It is grown in the Middle East and a few other African nations: Nigeria, Ghana, Togo,
Benin, and Cameroon(37). In Nigeria, Egusi production has risen to about five
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hundred thousand metric tons per year. This may be connected to melon seed oil,
which has been used as a feedstock for the manufacturing of biodiesel as well as for
use in food, cosmetics, and medicine(38). In Nigeria, the relative increase in the
production of vegetable oil and food from melon seeds has generated a substantial
amount of waste from melon seeds, known as melon seed husk (MSH). The large
amounts of waste generated and littering the environment have necessitated the
conversion of MSH into a usable product, such as activated carbon.

In recent times, the use of activated carbon produced from agricultural waste garbage
as an adsorbent for water and wastewater treatment has been employed. Activated
carbon has been shown to be a useful adsorbent. Nonetheless, due to its long
microporous diffusion path, it requires a possible enhancement technology to aid the
adsorption process(18). Ultrasound irradiation has been recognized as a possible
improvement in technology to aid the adsorption process (3).

Acoustic cavitation, a phenomenon that causes ultrasound to be irradiated, has been
shown to hasten the mass transfer process (39). Cavitation is the rapid formation,
expansion, and deflation of bubbles in a brief period of time that produces a
considerable quantity of energy in a single location(40). Acoustic cavitation is a sound
wave that produces pressure vibrations in the range of 16—100 kHz to provide the
necessary cavitation intensity (41). Although it hasn't yet been fully utilized,
researchers have reported using ultrasonic cavitation technology for wastewater
treatment.

A lot of research work has been carried out previously using activated carbon to take
out several heavy metals from simulated wastewater. Although not much work has
been reported on the adsorption of metal ions from simulated wastewater enhanced by
ultrasound.

However, most of the studies have not considered the influence of ultrasound on the
adsorption of competitive metals from wastewater for available space on activated
carbon. Thus, the present study focused on how ultrasound affects the adsorption of
Cu (II), Ni (II), and Mn (IT) from electroplating effluent onto melon husk-based
activated carbon.

Materials and Method
Materials
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BDH and Burgoyne manufacture analytical-grade potassium chloride (KCl) and
hydrochloric acid (HCI), with a purity in percentage ranging from 95 to 99.9%, which

were purchased from Panlac, a chemical retailer stores in Niger State, Nigeria.

Samples gathering and preparation

Melon husks were collected from a melon seed milling factory in Kpakungu, Minna,
Niger State, Nigeria. To get rid of any unwanted pollutants, the melon husk was
cleaned with distilled water and further oven-dried at 105 °C to get rid of any leftover
water. The oven-dried sample was sieved through a 500 um sieve after size reduction.
Prior to pyrolysis, the powdered melon husk sample was submitted to
thermogravimetric analysis (TGA) as well as proximal analysis to determine the best
temperature for carbonization and activation. The powered melon husk sample was
further impregnated with 1.0 M potassium chloride (KCl) for 24 hours and carbonized
and activated at 500°C for 15mins

Proximate analysis

The sample's moisture content was assessed using the thermal drying technique. The
procedure was followed in line with ASTM D2867-09. In a washed, dried, and
weighed crucible, 1.0 g of the samples was deposited. The crucible was placed in an
oven and dried for 1 hour at 105°C. Equation 1.0 was used to calculate the percentage

moisture content (percent M.C).
mo="L"Ms 00 1
Mi

where M.C stands for the sample's moisture content, Mi for the sample's initial mass
(in grams) before heating, and Mt for the sample's final mass (in grams).

The quantity of ash was determined using the ASTM D 2017 standard. 0.3 g of the
sample made from melon husk was deposited in a weighed crucible, which was then
transferred into a muffle furnace and burned for 1 hour at 760 °C. The crucible was
removed from the muffle furnace and set inside a desiccator to cool to ambient
temperature. The sample was evaluated after cooling. Equation 2 was used to obtain

the percentage ash content (percent AC).

W, %100
W 2

AC =

W. and Wi stands for mass of ash and sample mass before incineration respectively.
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The volatile content of the sample was measured using the standard method ASTM
D5832-98.

In a muffle furnace, 1.0g of the sample made from melon husk was burned at 850°C
for 10 minutes. The crucible was removed from the muffle furnace and set inside a
desiccator to cool to room temperature. Using the crucible's mass and the sample's

weight after cooling, equation 3 was employed to evaluate volatile content (VC)

w, —w,
V.C=———x%x100
e 3

o

W, is the initial mass of the sample before incineration and wf is the final mass of the

sample after incineration.

The fixed carbon content was implemented in accordance with ASTM D 121 (2001).
By deducting 100 from the total of the percentage compositions of moisture, volatile,
and ash contents, the fixed carbon content was computed. The carbon content was
computed using equation 4.

Fixed carbon (wt%) = 100 — ( MC (wt%) + VM (wt%) + Ash (wt%))
4

Characterization of Samples
For a detailed examination of the samples, different analyses were conducted on the
samples using the Fourier transform infrared, thermogravimetric, scanning electron

microscopy, and X-ray diffractometer analyzers.

Batch adsorption studies with and without ultrasound

The influence of a few parameters on the uptake of the metal ions ( copper, nickel, and
manganese) from electroplating wastewater using the newly developed adsorbent from
melon husk was examined. The following effects of parameters are taken into account:
contact time, adsorbent dosage, and pH. An ultrasonic bath and a water bath shaker
were used to perform the adsorption procedure. A 40 kHz-operating ultrasonic bath
with the model number SB25-12DT was used.

Influence of contact time

The influence of contact time on the uptake of heavy metal ions was studied for a time
frame of 90 minutes. In ten diverse conical flasks holding 50 ml of measured plating
wastewater, 0.6g of the developed activated carbon was applied. With the help of a
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water bath shaker and an ultrasonic bath, the adsorption process was carried out at a
temperature of 30 °C and at various contacting times, which ranged from 15 to 90 min.
The contents of each flask were filtered and further examined using an atomic
adsorption spectrometer (AAS) at the conclusion of each agitation and irradiation

period.

Influence of adsorbent dosage

Five conical flasks containing 50 ml of electroplating wastewater and weighing grams
of the developed adsorbents ranging from 0.3 to 1.5 g each were added, corked, and
agitated in a shaker at 200 rpm for one hour at 30 °C. Following the agitation phase,
the contents of each flask were filtered and subjected to an AAS analysis. The
ultrasonic bath was also used to study the effect of dosage. Furthermore, five conical
flasks containing 50 ml of electroplating wastewater were corked and subjected to
irradiation at a frequency of 40 Hz for 30 min at a temperature of 30 °C with various
dosages of the adsorbent ranging from 0.3g to 1.5g. Each flask's contents were filtered
before being subjected to additional analysis using an atomic adsorption spectrometer
(AAS).

Influence of pH

The influence of pH on the uptake of metal ions was examined in a range of 3.0 to 7.0.
The measured electroplating wastewater of 50 ml was divided among five conical
flasks with a capacity of 250 ml. With a solution of HCI and NaOH, the pH was raised
from 3.0 to 7.0, while the optimal dosage (1.2g) from a prior study was added and
swirled at 200 rpm for 1 hour. The solution was filtered using Whatman filter paper
and then examined using AAS at the conclusion of the investigations. The ultrasound
bath has also been used to study the pH effect, subjected to irradiation at 40 Hz for a
period of 30 min at 30 °C.

Data Analysis
The following formulas were used to determine the percentage removal and the
amount of heavy metal ions adsorbed at equilibrium:

_ WG, —C) S

m
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(<, =€) 6
Co

YR =

where Co (mg/cm®) = initial heavy metal ion concentrations ge, (mg/cm’) = quantity
of metal ion uptake; Ce, (mg/cm®) = equilibrium concentrations of solution
(wastewater) present in wastewater; V (cm?®) = volume of wastewater used; and m (g)

= adsorbent weight.

Isotherm models for adsoption

The Langmuir(47), Freundlich(48), and Dubinin—Radushkevich(49) Models were
engaged to explain and study the mechanics of the adsorption of metal ions on the
developed adsorbent. Equation 7 mathematically expresses the Langmuir isotherm

mode.

The Freundlich model is illustrated by equation 8

Ing, =InK, +LlnC’e

" Models such as Dubinin-Radushkevich are one more
empirical model that was initiated for the adsorption course based on pore filling. The
adsorption process on both homogeneous and heterogeneous surfaces is frequently

described in this way.

Ing, =Ing, —Ink_,&>

Ce(mg/L) = equilibrium concentration of heavy metal ions in wastewater from electroplating;
ge(mg/g) = heavy metal ions adsorbed amount at equilibrium; and gm(mg/g) = the highest
qguantity of heavy metal ions that can be absorbed per weight of the adsorbent, KF and nF
relate to Freundlich adsorption capacity and intensity, respectively. Qs (mg/g) and Kad (mol?
/kJ?) are D-R isotherm model constants that relate to adsorption capacity and adsorption
mean free energy and are also known as Polanyi potential parameters. KL (L/mg) = the

equilibrium constant for the Langmuir model.

Adsorption kinetic models

Employing kinetic models such as the pseudo-first-order(50), pseudo-second-
order(51), Elovich (52) and intraparticle diffusion(53), it was possible to study the
mechanism of Cu (II), Ni (II), and Mn (II) adsorption onto ACM
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Equation 10, represents the expression for the pseudo-first-order rate concept.
In(g. —q,) =In(q, —ko) N
Equation 11, represent pseudo-second-order
concept.

z 1 z
= +

ql kzqe2 qe

11

Equation 12, is used to express the intraparticle diffusion concept.

q, :kito's + C 12

Equation 13, is used to express the Elovich concept

1 1 13
4= E In(ef) + E Int gt (mg/g) = the number of heavy metal ions that
were adsorbed at time t. (min), ge (mg/g) = the equilibrium amount of heavy metal
ions adsorbed, and k1 (min-1) and k2 (mg/g.min) = pseudo-first-order and pseudo-
second-order rate constants, respectively, C (mg/g) = intercept from the plot of qt

t%3 and ki (mg/g.min’’) and o (mg/g.min) = the intraparticle diffusion and

against
Elovich rate constants, respectively. Meanwhile, B (mg/g.min) = Elovich's parameter

related to the extent of adsorbent surface coverage and energy of chemisorption.

Results and Discussion

Proximate analysis of melon husk

The proximate analysis of a melon husk sample, as represented in Table 1, revealed a
fixed carbon content of 40.51%, a low moisture content of 1.0%, and a low ash level
of 9.00%, indicating that the material is rich in organic matter and could be used to
make activated carbon(55).

Table 1: Proximate properties of melon husk

S/n  Temperature Time Moisture Volatile content  Ash content  Fixed content

(°C) (min) content (%) (%a) (%a)
(%)
1.0 500 [a 1.00 4944 9.00 40.51
142 africanscholarpublications@gmail.com
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Characterization of Melon husk(MH) and Activated carbon(ACM)

Analysis using Thermogravimetric Analyzer (TGA)

Figure 1 displays the results of the thermogravimetric analysis (TGA) of the melon
husk sample, which showed three distinct stages of breakdown,1he first stage (below
200°C) is the drying phase, when moisture is largely dischiarged across the regioh.
Figure 1 demonstrates that the first stage of decomposition takes place between25.11
and, 153.02 °C, which corresponds to a weight loss ot 5.28 percent brought-On by the
moisture being drawn out of the sample of melox seed husk.

The removal of volatiles (devolatization) eCcurs in the second stdge, which is an
exothetmic reaction involving hemicellulosis and cellulose, as w¢ll as a small amount
of ligniri, which is a crucial step in the waste-to-carbon conversion process. At this
point, a significant amount of weight loss has occurred

It's also kngwn as the active pyfolysis region (Saffe etdl., 2014). As indicated in Figure
1, the degradation temperature range for the meion seed husk sample was 153.02-
300.23 °C, with a weight loss of 59.01%. This implies the elimination of volatile
matters(38).

120 - -1
St Stage | L o
100 WM _—
-2
80 - \\ L3
60 - o tga
\ [ dtg
40 - \ 6
\\\ - -7
207 — -8
-9
0 ‘ ‘ ‘ ‘ -10
0 200 400 600 800 1000

Figure 1:.TGA/DTG of melon husk

Surface area and pore size
The Dubinin-Radushkevich technique was employed for the investigation of the
surface area of developed activated\carbon made from melon husk and raw melon

husk, as evident in Table 2.
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Table 2: Surface area and typical pore size of raw husk of melon sample and

developed activated carbon from husk of melon

Sample SBET Pore volume Pore size
(m2/ q) ems/ g nm

Raw melon husk 301.4550 0.1227 2.9520

Carbonized sample from 306.9150 0.1487 2.7960

Melon

Activated carbon from melon  1285.7510 0.4646 3.1910

husk (ACM)

The developed activated carbon showed the highest surface area of 1285.7510 m?/g
due to impregnation and activation with potassium chloride, leading to the
development of more pores and the extraction of disordered carbon(56) The
carbonized sample with a surface area of 356.9150 m2/g, which is slightly higher than
the surface area of the raw melon husk with a surface area of 301.4550 m2/g, could be

the result of heating during carbonization.

Analysis of X-ray diffraction (XRD)

For characterizing the structure of the adsorbents, X-ray diffraction (XRD) was used.
Melon husk, char made from the raw husk, and the developed activated carbons were
all examined

using XRD.

002

>
e

T
>

N
e T

RM

Figure 2; XRD of melon husk (RM) Char (CM) and activated carbon(ACM)
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Figure 2 depicts the X-ray diffraction patterns of raw melon husk and char-made and
developed activated carbon. The (002) plane and (100) plane, respectively, are credited
with peaks of 2 6 = 21.916° and 2 6 = 42.875°, respectively, meant for the X-ray
diffraction of melon husk, while the (002) plane and (100) plane are attributed to the
peaks at 2 6 = 26.375° and 2 0 = 41.743°, respectively, for the char sample derived
from melon husk. The (002) and (100) planes are ascribed to the peaks for activated
carbon at 2 6 =24.978° and 2 0 = 41.478°, respectively. The presence of a significant
peak in activated carbon (ACM) at around 2 6 =24.978° (002 planes) indicated that
the substance was amorphous in nature. The parameters extrapolated from the

diffraction peaks are listed in Table 3.

Table 3: X-ray diffraction characteristics from activated carbon, Char sample

and melon husk

Sample 20002 2einDd dogz/nm dioo/nm crystalline crystalline
(deg)  (deg) height width
(Lc)/nm (La)/nm
Melon husk 20916 42875 0.405 0.218 3.284 4,630
Char 26370 41743 0.338 0.2I6 [.342 1.004
Activated 24978 41478 0.356 0.218 486 0.734
Carbon

Using the Debyne-Scherrer equation, represented by equation 18, the crystallite sizes
of melon husk, char made from melon husk, and activated carbon generated were

computed.
KA
D=
[ cos 14

where D (nm) represents the average crystallite size, K stands for the Scherrer
crystallite factor, which ranges from 0.2 to 2.0 (0.94 for cubic structures), A (nm) points
to the X-ray wavelength (0.154 nm), B (radians) is the full width at half maximum
(FWHM) of the diffraction peak in the XRD pattern, and 0 (deg) is the calculated
diffraction angle. The calculated crystalline size (La) of raw melon husk was 4.6498

nm, while the calculated activated carbon crystalline size was 0.7340nm. The decrease
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in crystalline size apparent in the activated material may be credited to internal

structure disorder, which gives rise to a larger specific surface area (33).

SEM analysis

Using a scanning electron microscope, the morphology and surface characteristics of
the adsorbent were examined for raw melon husk, char produced, and developed
activated carbon, as illustrated in Figure 3(a—c). The pores on the raw melon husk were

not obviously visible in Figure 3a, while Figure 3b shows the char produced.

100 m EHT=£00KV Sigral A= Inlens Dete 3 Jan 2018
Wo= 52mm Wag= 10000KX Time 112027

LL] BTSN Squkes2 O oo 20f
Mu” g 100K m_
P, SR T )

Figure 3(c) :SEM iaé of raw melon husk(a) char(b) and activated carbon(c)

The char sample derived from melon husk revealed more developed pores than the
raw husk, as seen on the SEM. This could be attributed to the removal of volatile
matter contents during carbonization. The SEM micrograph of activated carbon
developed revealed additional holes, as evident in Figure 3(c), in both the raw and char
samples as a result of activation with potassium chloride (KCI). The KCI-carbon
connection is increased by activation, which also stimulates KCI molecules to diffuse

into pores, increasing the number of pores in the activated carbon.

FTIR analysis
The spectrum analyses were carried out to highlight the active surface functional

groups that serve as metal ion binding sites, as made known in Figure 4.
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Figure 4: FTIR spectra of melon husk(a), activated carbon produced(b) and

metal ions load activated carbon(c)

FTIR spectra of melon husk revealed a substantial wide band at 3309.9 cm-! between
3000 and 3500 cm-!, which points to the existence of free and intermolecular -OH
groups(57). C-H and C-C stretch correspond to peaks at 2922.2 and 2083.0 cm-!
respectively(58), while the carboxylic acid's C=O stretch and the aromatic ring of
lignin's C=C stretch, correspond to peaks at 1722.0 and 1509.6 cm™(59). Activated
carbon FTIR spectra (b) revealed a lower intensity O-H stretching band at 3183.1 cm-
I'as a result of phenolic groups being broken down and the melon husk structure being
dried during activation(59).

Thermal decomposition caused the peaks at 2922.2, 1722.0, and 1259.8 cm™! in raw
melon husk to disappear and caused the presence of new weak peaks at 2322.1 and
1684.8 cm-! which were attributed to the C=Cstretch of alkynes and the -C=C-
stretching vibrations in alkenes correspondingly in FTIR spectra (b) which was all as
a result of activation(60).

On the activated carbon FTIR spectra (c) loaded with heavy metals, the O-H stretching
band at 3183.1 cm™ on FTIR spectra (b) was moved to 3358.3 cm™! due to adsorption,
and the emergence of a new band at 3652. 8 cm-! was seen, similar to this, the peaks
of activated carbon's FTIR spectra(b) at 2322.1, 1561.8, and 1148.0 cm-1 were
relocated to 2370.6, 1576.7, and 1162.9 cm-1, respectively (c) after adsorption.

147 africanscholarpublications@gmail.com
2024



Experimental Results on Adsorption of heavy metals influence of contact time

Figures 5a and 5b depict the effects of contact time on heavy metal adsorption with
ultrasound assistance and adsorption without ultrasound (b), respectively. For both
metal ion adsorptions assisted by ultrasound and adsorption without ultrasound, the
impact of time was investigated over a period of 15 to 90 min. Figure 5a demonstrates
that more metal ions were adsorbed on ACM in the presence of ultrasonic waves than

there were when there weren't any ultrasonic waves, as evident in Figure 5b.

100

—— 3
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50 |
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% Remowval

20 r
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Figure Sa: The influence of time on adsorption of metal ions onto developed

activated carbon irradiated at 40Hz
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Figure Sb: The influence of time on adsorption of metal ions onto developed
activated carbon at 200 rpm

For metal ions aided by ultrasound adsorbed on ACM, it showed rapid removal of
metal ions and achieved equilibrium within 30 minutes after the removal of 95.62%
Cu (II), 94.32% Ni (II), and 96.70% Mn (II). Having a pattern of Mn?*>Cu?*">Ni*"
whereby the metal ions' ion properties may be responsible for While the removal of
heavy metals in the absence of ultrasound achieves equilibrium within 60 minutes for
the metal ions, Cu (II), Ni (II), and Mn (II) recorded 75.78%, 40.99%, and 69.99%
removal, respectively. Having a trend of Cu®" > Mn** > Ni** Metal ions were removed
from wastewater more quickly by ACM influenced by an ultrasound pulse due to the
cavitation and acoustic streaming processes, which enhanced mass transfer and
increased the adsorption rate(61). Rapid adsorption was also seen in the first 30
minutes of sonication. This was credited to the external diffusion of metal ions and the

enormous number of accessible adsorption sites at that time (62). Under the influence
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of an ultrasonic wave, the optimum time for adsorption of all metal ions on ACM was

30 minutes, which was employed for further research.

Influence of adsorbent dosage
As shown in Figure 6(c) and (d), the impact of adsorbent dosage on the removal of
heavy metal ions from ACM after exposure to ultrasonic waves and adsorption in the

absence of ultrasound (d) was studied in a range of 0.3g-1.5g.

100 ¢ X ——y
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80
70 +
60 -
50
40
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20 -
10

0 . . . . |

0 0.3 0.6 0.9 1.2 1.5
Adsorbent doseage (g)

Cu (I1)
——Ni (II)

Removal

Figure 6(c): The influence of adsorbent dosage on adsorption of metal ions onto
developed activated carbon irradiated at 40Hz
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Figure (6d): The influence of adsorbent dosage on adsorption of metal ions onto
developed activated carbon agitated at 200rpm
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As evident from Figures 6(c) and (d), as the amount of adsorbent dosage increased
from 0.3g to 1.5 g, the percentage removal of metal ions increased. The amount of
metal ion adsorption on ACM irradiated by ultrasonic wave demonstrated an increase
in percentage removal, of which Cu (II) increased from 92.81 to 95.98%, Ni (II) from
93.55 to 97.79%, and Mn (II) from 93.59 to 95.29%, while for adsorption in the
absence of ultrasound, Cu (II) increased from 73.72 to 79.67%, Ni (II) from 50.30 to
62.80%, and Mn (II) from 66.44 to 69.23% as the amount of adsorbent dosage
increased from 0.3g to 1.5g. There were more binding sites available at greater
adsorbent dosages, which led to an increase in the absorption of heavy metal ions (28).
Though the increased absorption of heavy metal ions in the presence of ultrasonic

waves was primarily caused by the cavitation mechanism (3).

Influence of pH

At pH values ranging from 3.0 to 7.0, the impact of pH on the adsorption of heavy
metal ions onto ACM was examined. Figures 7(e) and (f) illustrate the impact of pH
on the adsorption of heavy metal ions on ACM exposed to ultrasonic waves and

adsorption in the absence of ultrasonic waves.
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Figure 7(e): The influence of pH on adsorption of metal ions onto developed
activated carbon irradiated at 40Hz
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Figure 7(f): The influence of pH on adsorption of metal ions onto developed

activated carbon agitated at 200rpm

As the pH of the solution was raised, more heavy metal ions adhered to the ACM. In
comparison to the adsorption in the absence of ultrasonic waves, the effect of pH on
the adsorption of heavy metal ions subjected to ultrasonic waves was larger. Heavy
metal ions subjected to ultrasonic waves at pH 6 had the highest removal rates of Cu
(IT), Ni (II), and Mn (II), with removal rates of 97.19%, 98.53%, and 98.50%,
respectively. While for the same three metal ions, the greatest adsorption occurred at
pH 6 in the absence of an ultrasonic wave, of which Cu (II) removal was 88.06%, Ni
(IT) removal was 73.84%, and Mn (II) removal was 70.73%. Given that the adsorbent
surface is deprotonated and negatively charged at higher pH levels, which attract
positively charged metal cations, the increase in the percentage of heavy metal ion
removal may be explained (63).

Adsorption Kinetics

Using the pseudo-first order, pseudo-second order, Elovich, and intraparticle diffusion
models, the kinectics of the adsorption process aided with ultrasonic waves which had
higher adsorption rates for metal ions were investigated; the plots are presented in

Figure 8(i)-(I). Table 4 displays the values of the computed kinetic parameters
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determined for the four kinetic models. Given the higher correlation values (R?)
obtained with the pseudo-second-order model, as apparent in Table 4, the adsorption
of heavy metal ions is presumed to follow the model. Additionally, a high agreement
between the predicted (qe, cal) and experimental (ge, exp) adsorption capacities
demonstrated the pseudo-second-order kinetic model's greatest fitness. The pseudo-
second-order kinetics, which best describes uptakes of metal ions, is founded on the

hypothesis that the rate-limiting step in this process can be chemisorption.
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Figure 8(i-1): Pseudo-first-order(i) Pseudo-second-order(j) Elovich,(k) and

intraparticle diffusion model(l) of adsorbed metal ions.

Table 4: Kinetic parameters consist of metal ions removed onto developed

adsorbent
Metal Pseudo I** order model Pseudo 2" order model Intraparticle Elovich
ions diffusion model
model
gexp  qecal R Ki geexp  gecal R K2 K R? R?
(mg/g) mg/g) (mg/g)  mg/g)
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Cu(l) 201 0.07 0.0 267 200 197 100 138 003 00 0.08

Ni(l) 033 012 0.52 27 033 063 034 018 O0I8 003 0.2
Ma(l) 077 0.08 0.34 29% 07 gro 089 0M0 oor - 0.0

Conclusion

A low-cost waste product from melon husk was used to develop activated carbon and
successfully applied to remove Cu (II), Ni(Il), and Mn (II) ion from plating
wastewater. Adsorption studies carried out with the aid of ultrasonic waves showed a
higher uptake of heavy metal ions than without ultrasonic waves. Shorter time of 30
min was required in presence of ultrasound for optimum removal of metal ions
compared to 60 min and 75 min in the absence of ultrasound. Furthermore, the kinetic
data obtained both in the presence and absence of ultrasound were better fitted to the
pseudo-second-order kinetic model than the pseudo-first-order model, intraparticle
diffusion and Elovich kinetic models. Also the Langmuir model describes
satisfactorily the adsorption of metal ions on activated carbon.

In conclusion, a combination of ultrasound with adsorbent materials has exhibited
excellent performance to remove heavy metals from electroplating wastewater, and this

process is eco- friendly and economical.
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