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Abstract: This study aims to create a porous glass adsorbent from waste glass to extraction nickel ions
from its aqueous solution. The process involves converting waste glass to porous glass using 1:1:1:1
lime, sodium chloride, and sodium bicarbonate, followed by reacting with waste glass at 800 °C. The
porous glass surface morphology, elemental composition, and functional groups were analyzed using
SEM, EDS, and FT-IR techniques. The outcome parameters used in this study are adsorbent dosage (10
g), contact time (150 min), heavy metal ion concentration (100 mg/l), and pH of 6. The adsorption
capacity resulting from these parameters is 9.28 mg/g using the porous extract adsorbent for the
extraction of nickel ions from its solutions. According to the findings. The proportion extraction of
nickel ions increased directly with an increase in the adsorbent dosage, nickel ion concentration,
contacting time, and pH. In addition, the Langmuir isotherm (R* = 0.98,K=0.072) has shown better
performance than the Freundlich adsorption isotherm (R?=0.93,N=1.598) for the adsorption of the Ni(ll)
in this study.
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1. Introduction

Two-thirds of the chemical elements that occur naturally
on Earth are called minerals, and due to their special qualities,
they are widely used in many different industries, such as
building, energy, technology, and transportation. (Alvial-Hein
et al,, 2021). Compared to most non-renewable resources,
minerals have greater capacity and potential for sustainable
economic activities. With increasing progress in science and
technology, it has led to increased consumption of metals in
current environments. As a result, after the metal has been
manufactured and reached the end of its usefulness, natural
resources are depleted and enormous amounts of waste are
produced, causing economic losses and environmental issues
(Abu-Daabes et al., 2023; He et al., 2020; Jiang et al., 2006).
Among these important metals, nickel is considered the most
significant strategic resource and is distinguished by its small
reserves (Alvial-Hein et al., 2021; He et al., 2020).

Owing to the depletion of nickel resources and tightening
of  environmental protection  requirements, many
conventional nickel mines are anticipated to close during the
next few decades (Abu-Daabes et al., 2023; He et al., 2020). One
solution to these problems is to expand the recycling of
secondary resources before the depletion of nickel resources
(Jiang et al., 2006). Among the secondary resources of nickel,
nickel electroplating effluent has substantial value for
exploitation and is used as a secondary resource based on the
principles of sustainable development (Gao et al., 2023). In
addition, nickel is found in drinking water because it is present
in alloys used in chrome-plated or nickel-plated faucets that
come into contact with drinking water (Al-Amrani et al., 2023).
Additionally, the dissolution of naturally Ni-bearing strata in
groundwater is acommon cause of the presence of Niin water
sources (Mahiya et al., 2014). According to Hasan et al. (2012)
the maximum allowable limit of Ni(ll) in water is 0.02 mg L-1.
When nickel levels are too high, they have harmful effects on
people. Additionally, according to Borba et al. (2006)
aspiration of nickel and its compounds may result in serious
health issues, such as nasopharynx, lung, and kidney
problems, gastrointestinal distress, pulmonary fibrosis,
dermatological illnesses, and aggressive cancers.

Therefore, it is necessary to extract nickel from these aqueous
media. There are many methods for extracting nickel ions,
including liquid-liquid extraction, ion exchange, co-precipitation,
and solid-phase extraction (SPE), which is one of the methods
used to separate and concentrate nickel. (Coman et al., 2013; Liet
al., 2022; Meshram et al., 2018). Due to the advantages of the SPE
method, which include the use of sorbents that are cost-effective
and ensure safety for hazardous samples, the SPE method has
been widely used for preconcentration and separation of metals.
(Sivrikaya et al., 2014).

Several absorbents are commonly used, including silica gel,
A. Barbadensis Miller waste leaf powder, natural bentonite,
activated carbon, zeolite, vermiculite, and porous glass
(Gawhane, 2014; Gupta & Kumar, 2019; Hussain et al., 2020;
Islam et al, 2019; Samad et al., 2022; Surdnek et al., 2021;
Malamis & Katsou, 2023). Although many studies have been
conducted in the last ten years on solid-phase extraction, the
search for better sorbents has persisted. Among these
materials, porous glass has received considerable attention.
This study prepared porous adsorbent materials by processing
glass waste into adsorbent materials for the extraction of Ni(ll)
ions. The major factors influencing the adsorption process were
also examined, including pH, adsorbent dosage, initial metal
ion concentration, and contact time. To explain the competitive
behavior of the studied metal ions, Langmuir and Freundlich
models were applied.

2. Materials and methods

2.1. Chemicals and methods of analysis

All chemicals used in this study are of analytical grade. The
chemicals (lime, sodium chloride, and sodium bicarbonate) as
well as hydrochloric acid and sodium hydroxide to adjust the
pH were provided by Sigma-Aldrich.

The primary functional groups present in the porous extract
adsorbents were investigated using Fourier transform infrared
spectroscopy (FTIR-4200, JASCO, Hachioji, Tokyo, Japan). By
using scanning electron microscopy and energy-dispersive
spectrometry (SEM 6000-EDS2300, JEOL, Akishima, Tokyo,
Japan), surface morphology and elemental distribution were
observed.

2.2. Preparation of non-glass porous materials

The transparent white glass waste was treated with boiling
water to ensure cleanliness. After cleaning and washing, the
waste glass was kiln-dried and grinded into a fine powder
using a dedicated cutter mill. The grinding conditions (15 min,
350 rpm, ball characteristics: 25 mm stainless steel balls) were
followed by sieving through a sieve less than a 25-micrometer
size. A 1:1:1:1 ratio of powder glass interacted with lime,
sodium chloride, and sodium bicarbonate, respectively, and
the mixture was placed in a furnace at 800 °C for 1 h to produce
a highly porous and non-vitreous adsorbent. It should be
noted that all raw materials melt at temperatures below 800
°C. Lime may have served as a flux during the reaction,
whereas sodium chloride and sodium bicarbonate were
meant to make the final product porous and non-vitreous.
Lime may also function as a solid foundation, which helps the
glass react more easily with other elements (Ofomaja & Ho,
2007; Cruz-Lopes et al., 2021).

Vol. 22, No. 5, October 2024 639



Z. Karm et al. / Journal of Applied Research and Technology 638-645

2.3. Batch adsorption studies

The adsorption experiments were conducted in Erlenmeyer
flasks (150 ml capacity). Various contact periods (50-250 min),
pH levels (2-10), adsorbent dosages (2-10 g), and initial nickel
jon concentrations (40-140 ppm) were used to study the
adsorption of Ni(ll) using the porous glass adsorbent.

The adsorbent was added to a solution of known volume,
metal ion concentration, and pH at room temperature.
Whatman pore-size filtration membrane filter paper (0.45 um)
was used to separate the adsorbent from the Ni(ll) solution. A
flame atomic absorption spectrophotometer was used to
measure the Ni(ll) concentration before and after adsorption,
after which the sample was extracted. Using (Equation 1) (Si et
al., 2022) the adsorption capacity ge is derived.

CEAT "

3. Results and dissection

3.1. Characterization of the porous glass adsorbent

To evaluate the vibration frequency of the functional groups in
the adsorbent responsible for adsorption, a porous glass
adsorbent was detected by FTIR analysis of the presence of
several distinct functional groups, as shown in (Figure 1). Also,
Table 1 provides an analysis of the wave number and
appearance of broad and functional groups derived from the
absorption spectra. 3465.05 cm-1, 1575.49 cm-1, and 1417.49
cm-1 were 515.06 cm-1 suggests that NaCl was used as both
an adsorbent and reactant, demonstrating the significance of
NaCl in the structural and chemical reactions of glass with
porous adsorbent. According to the above results, there are
many oxygen-containing functional groups on the surface of
the adsorbent materials, and these functional groups can offer
many active sites for the removal of Ni(ll). In addition to
revealing the chemically reactive functional groups (-OH) that
enhance the adsorption of heavy metal ions (Si et al., 2022).
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Figure 1. FTIR spectrum of porous glass adsorbent.

Table 1. FTIR analysis of the functional groups for porous
glass adsorbent.

Spectrum Wave Appearance Functional
No. number of broad group
cm™ assignment
1 3465.05 strong O-H stretching
vibration
2 1575.49 strong C=C stretching
3 1417.49 strong O-H bending
4 1338.38 medium O-H bending
5 1113.74 medium C=C stretching
vibration
6 1019.59 medium C-H bending
7 781.51 medium C-H bending
8 648.80 medium C-H wagging
vibration
9 620.37 medium C-H bend
10 515.06 strong C-Brstretching
vibration
11 47247 strong C-I stretching
vibration

Figure 2 shows SEM micrographs of the porous glass
adsorbent. Figure 2 shows that porous glass is present in
diverse sizes as beads, flakes, ovals, and granule-shaped
beads. Also, Figure 2 shows the availability of multiple cavities
and holes that allow for the adsorption of Ni(ll) ions. In
addition, the surface of the porous glass adsorbent was highly
irregular, allowing for the adsorption of Ni(ll) ions.

SEM HV: 20.0 kV

WD: 547 mm

View field: 23.1 ym Det: InBeam
SEM MAG: 6.00 kx | Date(m/dly): 07114i23

Figure 2. SEM of the porous extract adsorbent.

Figure 3 and Table 2 show the EDX spectra of the porous
glass adsorbent. The spectra demonstrates that a sizable
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portion of the porous material included carbon, oxygen,
sodium, calcium, magnesium, aluminum, chlorine, and silica.
While the presence of a small amount of sulfur is indicative of
its presence in waste glass, after adsorption of the nickel ions,
asshown in Figure 4 and Table 2, we noticed a decrease in the
carbon and oxygen content, as seen in the obtained spectrum
(Figure 4). These findings showed that O and C were the
predominant elements, assuming that they were the surface
sites for adsorbing Ni(ll) ions. According to those findings, O
offered many hydroxyl adsorption sites for adsorbing Ni(ll)
ions. Additionally, Figure 4 shows that the Ca peak is absent,
with the remaining elements' peaks remaining but
diminished. In addition, the adsorbed Ni(ll) ions caused the
appearance of a new peak.

The functional group results, which had previously been
validated by the FTIR results, complemented the EDS results
by verifying the presence of these components inside the
functional groups.
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Figure 3. EDX spectra of the porous extract adsorbent.

Table 2. EDX analysis of the adsorbent porous extract before
and after adsorption.

it W% before W% after
adsorption adsorption

C 82.77 7491

0 13.02 7.54

Na 0.68 5.89

Mg 0.28 0.18

Al 0.29 0.24

Si 1.64 0.85

S 0.41 0.31

Cl 0.22 0.11

Ca 0.69 -

Ni - 9.97

Total 100 100
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Figure 4. EDX spectra of the porous extract adsorbent
after adsorption.

3.2. Factors affecting adsorption

This study used different shaking times (50-250 min) with a
dose of adsorbent of 15 g/L, a concentration of Ni(ll) of 100
mg/l, and a pH of the solution set at 3 to understand how the
contact time affects the adsorption of Ni(ll) using a porous
glass adsorbent and determine the ideal contact elapsed
period between the adsorbent and adsorbate.

Figure 5 shows the outcome of the contact time impact
with adsorbent capacity (ge) in mg/g, which indicates that an
increase in interaction duration is accompanied by a ge
increase up to 40 min into the initial period and there was very
quick adsorption followed by a gradual increase in the
adsorption rate. The process of adsorption reached
equilibrium atan adsorbent capacity 0f 9.285 mg/g at 150 min.
After 150 minutes, no discernible difference in Ni(ll)
elimination was seen. The findings showed that both the
contact duration and the adsorption capacity increased and
eventually decreased as the contact time increased. This
occurred because at the beginning of the contact time, there
were more empty binding sites available for metal adsorption;
however, as the contact time increased, these binding sites
gradually became saturated by the metalions. It is difficult for
metal ions to fill the remaining vacant surface binding sites;
this explains the decrease in the capacity of adsorption after
150 min (Gulipalli et al., 2011) because of the repulsive
interactions between the metalionsin the adsorbent sites and
those in the bulk liquid phase. In addition, one of the factors
influencing the uptake of heavy metals from aqueous
solutions is the pH of the solution.

The pH has a substantial impact on the process because it
affects the functionality groups and may cap the sorption rates
(Esmaeili & Beni, 2018). pH is one of the most crucial factors in
the adsorption process because it can affect the properties of
the metal in solution and the loading of active sites on the
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surface. According to Ofomaja and Ho (2007) assert that
several reactions involving heavy metal ions are influenced by
the pH of an aqueous solution, including dissociation,
hydrolysis, complexation, and precipitation. The availability
and speciation of ions are also impacted by pH, which has an
impact on adsorption capacity. The examination into the
extraction of Ni(ll) indicated these adsorbents’ Ni(ll)
adsorption capacities at various pH ranges between 2.0 and
10.0, 150 min of shaking, 15 g/L of adsorbent dose, and 100
mg/l of Ni(ll) concentration, as shown in (Figure 6).
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Figure 5. Effect of contact duration on the adsorbent capacity
of Ni(ll).
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Figure 6. Effect of pH on the adsorbent capacity of Ni(ll).

Hence, the adsorption capacity of porous glass adsorbent
for Ni(ll) is lower at acidic pH than alkaline pH where the
hydroxyl groups of the adsorbent can be destroyed at acidic
pH. Whereas the adsorbent surface became more negatively
charged as the pH increased, causing a dramatic increase in
Ni(ll) adsorption, followed by a minor drop. Ni(ll) ions, such as
Ni(OH)2, precipitate simultaneously at pH levels greater than
7.0, which may lead to misinterpretation of the adsorption
properties (Cruz-Lopes et al., 2021).

At pH 6.0, porous glass adsorbent maximum Ni(ll)
adsorbent capacity of 9.28 mg/g was observed. The impact of
different adsorbent dosages (2 to 10 g) on the extraction of

Ni(Il) ions from aqueous solutions at a pH of 6, shaking times of
150 min, and a concentration of Ni(ll) of 100 mg/l is shown in
(Figure 7). According to the findings, Ni(ll) ion adsorption rises
from 20.9 mg/g at lower adsorbent doses (2 g) to 9.28 mg/g at
higher adsorbent doses (10 g). This can be explained by the fact
that adsorption is lower at low doses because the initial
concentration is constant when different doses are used.
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Figure 7. Effect of dose of adsorbent on the adsorbent
capacity of Ni(ll).

The effect of different concentration of Ni(ll) of (40-140
mg/l), shaking times of 150 min, dose of adsorbent of 10 g/L,
and the pH of 6is shown in (Figure 8) . According to the results
of the initial adsorbate concentration (Figure 8), the
adsorption capacity increased as the adsorbate concentration
increased from 40 mg/L to 140 mg/L. Ni(ll) ions adsorption
rises from 3.87 mg/g at 40 mg concentration of Ni(ll) to 13.03
mg/g at 140 mg/| of concentration Ni(ll).
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Figure 8. Effect of adsorbate concentration on the adsorbent
capacity of Ni(ll).

The metalions can easily occupy the available binding sites
on the adsorbent surface at lower adsorbate concentrations
when there are fewer adsorbate ions. However, at higher
adsorbate concentrations, the binding sites become
saturated by the metal ions, and the active sorbent site is not
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able to accommodate more Ni(ll) ions, leading to less metal
adsorption (Coman et al.,, 2013; Gawhane, 2014; Gupta &
Kumar, 2019; Islam et al., 2019; Li et al., 2022; Malamis &
Katsou, 2023; Sivrikaya et al., 2014; Surdnek et al., 2021).

Langmuir and Freundlich isotherms were used in this
investigation. The relationship between the amount of metal
ions adsorbed and the equilibrium concentration in solution is
often established using these isotherms. Langmuir adsorption
isotherm refers to the monolayer coverage of the adsorbent,
while the Freundlich isotherm model, denotes surface
heterogeneity and exponential distribution of active sites and
their energies (Nandiyanto et al., 2023; Prabhu et al., 2023).

To assist in offering the mechanism of the adsorption
process. Figure 6 and Figure 7 show the Langmuir and
Freundlich isotherms, respectively, for the Ni(ll) ions adsorption
using the Langmuir (Equation 2) (Huang et al., 1991)

111
qul Ce

9de 4m

(2)

(Equation 3) represents the Freundlich equations (Huang et
al., 1991).

q e:KfCen (3)

Figure 9, Figure 10 and Table 3 show the Langmuir and
Freundlich models, respectively, for Ni(ll) ions on a porous
glass adsorbent. As shown in Table 2, the data in this
investigation were well fitted to the Langmuir model (R2 =
0.98), indicating that metal ion sorption was primarily
conducted as a monolayer on the porous glass adsorbent
surface.

The Langmuir isotherm model yielded gmax and kL values
for Ni(ll) ions of 25.12 mg g-1 and 0.072 Lmg-1, respectively. A
high kL value indicates a high affinity between the porous
glass adsorbent surface and Ni(ll) ions, and the gmax value
points out the maximum adsorption capacity when the
surface of the sorbent is entirely covered by metal ions. KF was
proportional to the adsorption capacity, and N constants with
respect to adsorption intensity. KF and N of the Freundlich
model had values of 23.73 L g-1 and 1.598 respectively, which
represents a relative estimate of the adsorption capacity.
Thus, from the isotherm results, the Langmuir model
accurately fitted the experimental data.
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Figure 9. Isotherm of the Langmuir adsorption model

of Ni(ll) ions.
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Figure 10. Isotherm of Freundlich's adsorption model
of Ni(ll) ions.

Table 3. Parameters of the Langmuir and Freundlich
isotherm model.

Langmuir Freundlich
gmmg. gt Ku R? Kr N R?
2512 0.072 0.98 23.73  1.598 0.93

4, Conclusions

A porous glass adsorbent has been created in this study.
According to FTIR, SEM, and EDX investigations. FTIR results
show that there are many functional groups on the surface of
the adsorbent materials, and these functional groups offer
many active sites for the extraction of Ni(ll). SEM results showed
that the adsorption materials had a porous surface, which
undoubtedly contributed to the effective adsorption. In
addition, EDS validated the FTIR results, confirming the
presence of oxygen, sodium, calcium, potassium, chlorine, and
silica in the adsorbent.
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This study examined the impact of contact time, pH, initial Ni(ll)
jon content, and adsorbent dose on the absorption capacity.
The obtained results showed that pH 6, contact period of 150
min, and adsorbent dose of 10 g at room temperature are the
optimum parameters for the extraction of Ni(ll) ions, which
resulted in almost 9.2 mg/g of adsorption capacity utilizing
porous glass adsorbent. The Langmuir isotherm model
provides a satisfactory correlation between the equilibrium
data. The correlation coefficient of the Langmuir model was
approximately 0.98. Moreover, these coefficients were greater
than 0.93 in the Freundlich model. These findings suggest that
the use of porous glass as an adsorbent for removing Ni(ll) ions
from aqueous solutions is a cost-effective and efficient way to
protect the environment and reduce water pollution.
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