This t_itf;! is - PLANNING MALAYSIA:
inS cg'lpue;xe Journal of the Malaysian Institute of Planners
VOLUME 22 ISSUE 4 (2024), Page 99 — 113

refine your research
SCOPUS

REMOVAL OF VARIOUS METAL IONS IN WATER BY DIFFERENT
PRE-TREATMENTS OF FLY ASH

Wen-Pei Low ', Wong Wai Chun?, Fung-Lung Chang?, Hoong Pin Lee?, Noorul
Hudai Binti Abdullah®, Santhana Krishnan®, Kian-Ghee Tiew’

1234 Department of Civil Engineering, Faculty of Engineering and Quantity Surveying,
INTI INTERNATIONAL UNIVERSITY, MALAYSIA
3 Neo Environmental Technology, Centre for Diploma Studies,
UNIVERSITI TUN HUSSEIN ONN MALAYSIA
¢ Department of Civil and Environmental Engineering, Faculty of Engineering,

PRINCE OF SONGKLA UNIVERSITY, THAILAND

7 School of Environmental Science and Engineering,
GUANGDONG UNIVERSITY OF PETROCHEMICAL TECHNOLOGY, CHINA

Abstract

Rapid urbanisation in Malaysia has accelerated water pollution in rivers and other
water sources, causing irreversible harm to the ecosystem. In view of that, this
study aimed to work on using fly ash to address certain heavy metal components
(chromium (Cr), copper (Cu), nickel (Ni), and zinc (Zn)) present in polluted
water. The experiment employed three batches of fly ash. Two batches were
treated with sodium hydroxide (NaOH-FA) and hydrochloric acid (HCI-FA),
whereas one batch was left untreated (UFA). The three batches of adsorbents
were examined by using a jar test after solutions containing 100 mg/L of Cr, Cu,
Ni, and Zn ions were made. The results of various contact periods demonstrated
that the fly ash had variable capacities for metal ion adsorption. The maximum
adsorption of UFA was 79.958%(Cr), 80.814%(Cu), 81.580%(Ni), and
82.742%(Zn) while HCI-FA was adsorbing 77.148%(Cr), 82.546%(Cu),
78.896%(Ni), and 78.248%(Zn). NaOH-FA in this study was found to adsorb
80.828%(Cr), 79.230%(Cu), 81.692%(Ni), and 77.394%(Zn). Further to this, it
was revealed that the Temkin Isotherm model was best fitted with the highest R?
values (> 0.98). The negative value of the slope, B indicated that the adsorption
is an endothermic process which leans towards physical adsorption. In
conclusion, this study demonstrated the successful application of fly ash in water
or wastewater treatment of metal ions.
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INTRODUCTION

Water is one of the most precious natural resources on earth. Even though
freshwater makes up only less than 3% of the earth's surface, it is nonetheless
frequently over-extracted and contaminated by humans due to their activities. As
per the World Health Organization (WHO) guidelines, people should receive a
minimum of 7.5 litres of treated water daily, with an immediate need for at least
15 litres during the initial post-impact period (WHO, 2023).

Malaysia is not an exception as it is also one of the countries grappling
with challenges arising from water pollution (Habibullah et al., 2023). Despite
having abundant water resources, we are still facing water disruption from time
to time in some areas due to the illegal dumping of wastewater by irresponsible
parties to their nearby rivers (Goi, 2020; Salleh et al., 2022). As stated by Othman
et al. (2018), the rivers in Malaysia have been contaminated by heavy metals
recently due to rapid urbanisation and industrialisation. The common heavy
metals that are released by industrial wastes are zinc (Zn), lead (Pb), copper (Cu),
iron (Fe), chromium (Cr), cadmium (Cd), manganese (Mn), and nickel (Ni) which
are toxic and harmful to the environment and human health (Alsaffar et al., 2019).
According to Feary and Cullinan (2019), these toxic heavy metals are commonly
produced and discharged from metal refining factories, thermal power plants,
petroleum refineries, battery industries, and smelting plants. The accumulation of
these heavy metal contaminants in water not only affects human health with
various kinds of diseases but also the growth reduction of plants and reduced
breeding potential of adult fish. One of the examples, itai-itai disease found in
Japan was due to the high concentration of cadmium (Cd) exposure and the
symptoms of this disease that include bone pain and renal tabular dysfunction
(Nguyen, 2020).

Regrettably, conventional municipal wastewater treatment lacks any
designated process for removing heavy metals from the water. The conventional
treatment mentioned here involved the primary settling and biological nutrient
removal or activated sludge process (Sylwan and Thorin, 2021). In fact, there is
a range of drawbacks to these conventional wastewater treatment systems,
including high chemical consumption, releases of greenhouse gases, significant
power consumption, and high operational and construction costs (Tan et al.,
2023). Owing to this condition, various water and wastewater treatment methods
are currently available and promoted in the market to remove different types of
pollutants. These methods included membrane filtration, ion exchange, and
adsorption. Amongst these methods, adsorption has become the most popular
technique used due to its simplicity, effectiveness, and low cost. Many
researchers are focusing on a variety of materials, particularly those that are
natural and inexpensive, to explore their adsorption capabilities due to their
inherent physical and chemical properties. These adsorbents often come from the
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by-product of agricultural or industrial processes, and thus are readily available
and economical. Examples of natural and low-cost adsorbents are ash, wood,
clay, corn cob, fruit peel, wheat straw, starch graft, and moss (Ramesh, et al.,
2016).

In Malaysia, there are about 43% of electricity is generated from coal-
fired power plants (Mardi et al., 2023). During coal combustion, fly ash is one of
the waste by-products of coal-fired electric power plants. According to Ghazali
et al. (2019), Malaysia generates around 6.8 million tonnes of fly ash annually,
while global production reaches approximately 750 million tonnes, and this is
still continually increasing every year (Beddu et al., 2018). The main
compositions that makeup around 90% of the fly ash are silicon dioxide (SiO>),
aluminium oxide (AlOs), iron oxide (Fe;Os3), and calcium oxide (CaO).
Undoubtedly, fly ash has a strong adsorption capacity due to its porous structure
and large surface area. However, only a small amount of fly ash has been widely
adopted in the cement component for the concrete to improve its workability and
avoid segregation (De Maeijer et al., 2020). Despite that, its utilisation remains
marginal as compared to the overall yield. Several researchers used fly ash to
remove the pollutants from the contaminated water. Based on the previous study
by Nguyen et al., (2020), modified fly ash was tested and successfully removed
a maximum of 97% and 90.80% of Cd*" and Hg*" ions respectively. Darmayanti
et al. (2017) also claimed that fly ash was able to remove 24.9% to 93.9% of Cu
ions by using 1 g/L to 10 g/L of fly ash. Besides, Eteba et al.(2021) observed that
observed remarkable removal efficiency, with fly ash removing over 97% of
direct blue 78 dye at doses ranging from 3 g/L to 5 g/L. At the same time, Chen
et al. (2021) reported that treated fly ash exhibited substantial removal rates, with
removal efficiencies of 74.37% for Pb*" and 82.71% for Cd*".

Fly ash is readily available, reusable, low-cost, and environmentally
sustainable (Ramesh et al., 2016). By assisting in their recycling, the inexpensive
adsorbents also aid in addressing the issue of solid waste products in the
environment. As a result, it is worthwhile to investigate further how fly ash can
be used in various situations. Our study fills a crucial gap by investigating the
impact of various pretreatments on the adsorption performance of fly ash for
different heavy metal ions. Surprisingly, there is limited research comparing these
aspects. It is discovered that pretreatment doesn't universally ensure superior
adsorption, emphasizing the need for tailored approaches. Therefore, this study
aimed to (1) investigate the adsorption capacity of fly ash by using untreated and
chemical treated (using HCl and NaOH) in removing Cr, Cu, Ni, and Zn ions
from aqueous solution, and (2) analyse the adsorption capacity of different
pretreatments of fly ash in removing various metal ions from solution by isotherm
models.
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RESEARCH METHODOLOGY

Materials

In this study, fly ash (FA) was collected from Jimah Power Plant which is located
at Port Dickson, Negeri Sembilan. It was washed thoroughly with distilled water
to remove the impurities and oven dried at 120 °C for 24 h. After that, the fly ash
was allowed to cool at room temperature prior to being sieved to 250 um. The fly
ash was later separated into three batches, the first batch was an untreated sample
and the other two batches were treated by using 0.5 mol of sodium hydroxide
(NaOH) and 0.5 mol of hydrochloric acid (HCI). In the pretreatment phase, 72 g
of fly ash were immersed separately in two distinct beakers containing 0.5 mol
of NaOH and 0.5 mol of HCI solutions for 24 h as depicted in Figure 1. Both
chemicals treated fly ash were subsequently filtered and rinsed with distilled
water to eliminate the excess NaOH and HCI from the surface. The pretreated fly
ash was then dried at 105 °C for 24 h for further use.

Figure 1: Fly ash soaked in HCI and NaOH

Preparation of Stock Solution

The stock solution of Cr (VI), Cu (II), Ni, and Zn (II) ions with a concentration
of 100 mg/L was prepared separately by using chromium (VI) oxide, copper (II)
oxide, nickel (II) chloride, and zinc oxide in accordance with EPA Method 6010
D. The pH value of the stock solution was adjusted by adding 0.1 mol of NaOH
and 0.1 mol of HCI (Naiya and Das, 2016).

Adsorption Experiment

This adsorption experiment was conducted by using a jar test apparatus with a
maximum of 6 beakers in a batch. A series of jar test experiments were carried
out by placing 100 mL of Cr, Cu, Ni, and Zn ions aqueous solution with a fixed
concentration of 100 mg/L. Then, 3g of untreated fly ash was added to each
beaker. The pH value of the solution was adjusted to the desired value of pH 7 by
using 0.1M HCI or 0.1M NaOH. The experiment process involved two stages
which were rapid mixing for 3 min at 160 rpm and followed by a slow mixing for
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17 min at 40 rpm. Figure 2 demonstrates one of the settings in the Jar test. Next,
water sample was collected for 60 min, 90 min, 120 min, 150 min, 180 min, and
210 min for testing and analysing the final concentration for each heavy metal.
The aforementioned steps were repeated by using acid-treated and alkaline-
treated fly ash.

4

Figure 2: Jar test apparatus and setting

Analytical Method

In this study, the percentage removal for heavy metal ions and the adsorption
capacity of the various pretreated fly ash were first calculated and estimated by
using Equation 1 and Equation 2, respectively (Rondon et al., 2013). Then, the
adsorption isotherm models, such as Langmuir, Freundlich, Temkin, Brunauer-
Emmett-Teller (BET), and Dubinin Radushkevich (D-R) isotherm models were
further analysed for the experimental data to describe the adsorptive isotherm
performed in the adsorbent to the adsorbate. The suitability of these models to the
experimental data was later praised by the regression coefficients (R*) based on
the formation of linear graphs (Ohale et al., 2020). Table 1 shows the various
adsorption isotherm models used for the study.

Table 1: The adsorption isotherm models used for this study.

Analytical methods Equations
Percentage removal %R = Co-Ce x 100 1)
Co
Adsorption capacity (Co-ce) xV ()
-
Langmuir & _ & n 1 (3)
. 9e Qm leKL
Freundlich Log ¢ = LogK; + - LogC, 4)
Temkin qe= BlnlnKr +BinlinC, %)

and
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B RT
by )
Brunauer-Emmett-Teller C, _ (Cgpr — 1) (Ce> 1 @)
(BET) de (Cs - Ce) Qm CBET Cs Qm CBET
and
Ce= Co-Ce ®
Dubinin Radushkevich (D- Inlng, =InlnQ,, — Kpgre? )
R) and
1
e=RTInln (1 +C_e> (10)
and
Epr =1/y/2Kpr an
Co Initial concentration of adsorbate (mg/L)
Ce Concentration of the adsorbate in the solution at equilibrium (mg/L)
\ Volume of solution (L)
m Weight of adsorbent (mg)
e Amount of metal ions being adsorbed per specific amount of adsorbent (mg/g)
Qm Maximum adsorption capacity of metal ions (mg/g)
K; Langmuir isotherm constant which is related to the adsorption capacity (L/mg)
K Freundlich isotherm constant
n Adsorption intensity of the adsorbate to adsorbent or surface heterogeneity.
B Constant related to heat of sorption (J/mol)
R Universal gas constant, (J/mol K)
T Absolute temperature (K)
br Factor related to the interaction between the adsorbent and adsorbate
Kr Equilibrium binding constant (L/g)
Ceer  Energy interaction with the surface of the adsorbent
Cs Saturation concentration (mg/L) Co-Ce
Kbpr Dubinin Radushkevich model constant or activity coefficient
Epr Removal energy of the adsorbate to adsorbent.
€ Polanyi potential
RESULTS AND DISCUSSION

The results and analysis of the study were presented and discussed in the
following sections.

Effectiveness of the various pretreated fly ash in various metal ions removal
The effectiveness of pretreated fly ash (UFA, HCI-FA, and NaOH-FA) in
adsorbing various metal ions (Cr, Cu, Ni, and Zn ions) were examined. Figure 3
shows the result obtained for UFA, HCI-FA, and NaOH-fly ash in removing the
Cr, Cu, Ni, and Zn ions from the aqueous solution, respectively with an initial
concentration of 100 mg/L.
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Figure 3: Percentage removal of different pretreated fly ash to Cr, Cu, Ni, and Zn ions
solution.

From Figure 3, the maximum percentage removal of Cr ion by UFA
was 76.958% on a contact duration of 90 min. HCI-FA achieved a maximum Cr
ion removal of 77.148% within a contact duration of 150 min. For alkaline-treated
fly ash, the maximum Cr ion removal was 80.828% within 210 min of contact
period in an aqueous solution. For the Cu ion solution, UFA was able to adsorb a
maximum of 80.814% on contact duration of 120 min. For acid-treated fly ash,
the maximum removal percentage for Cu ion was 82.546% at 90 min of contact
time, while 79.230% of Cu ion was removed by NaOH-FA within 150 min of
contact time. Likewise, for Ni ion, the maximum removal percentage for UFA,
HCI-FA, and NaOH-FA were 81.580% at 180 min of contact time, 78.896 % at
180 min of contact time, and 81.692% at 150 min of contact time, respectively.
For the Zn ion solution, the maximum percentage removal for UFA, HCI-FA, and
NaOH-FA were 82.742% at 180 min of contact time, 78.248% at 210 min of
contact time, and 77.394% at 180 min of contact time.

The obtained results indicated that the adsorption of metal ions in the
aqueous solution exhibited minor fluctuations for each distinct type of fly ash as
the contact time varied. This is due to the different surface area of fly ash and led
to the amount of free adsorption site. Li et al. (2016) stated that with the
continuation of adsorption time, adsorption became more saturated, and solute
diffusion to the surfactant concentration was hindered. In addition, there was a
slight outperformance of Ni ion removal by NaOH-FA as compared to UFA and
HCI-FA, while HCI-FA was slightly better at removing Cu ions from an aqueous
solution. Then, the performance in the case of Zn ion by UFA is remarkable as
compared to the adsorption performance on other metal ions. This indicated that
the functional group of different pretreatments of fly ash have affected the affinity
of metal ions onto the fly ash. For instance, the modified FA by NaOH solution
increased the surface area and the negative charge of the fly ash (Ranasinghe et
al., 2022). According to Alterary and Marei (2021), as pH value increased, the
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negatively charged adsorbent was predicted to have a better attraction to the
positively charged nickel and chromium ions in the solution. In this scenario, the
electrostatic attraction may be the main factor due to the higher pH value in
adsorbing metal ions as compared to the lower pH value (Adewoye et al., 2017).
To gain a deeper understanding of the adsorption capacity of distinct pre-treated
fly ash samples for different metal ions, Figure 4 illustrates the adsorption
capacity of these pre-treated fly ash variants in the removal.
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Figure 4: The adsorption capacity of UFA, HCI-FA, and NaOH-FA in various metal
ions solutions.

In Figure 4, the results indicate that the adsorption capacities of UFA,
HCI-FA, and NaOH-FA are comparable within a similar range of adsorption
capacities from 2.5 mg/g to 2.8 mg/g. The maximum adsorption capacity in the
order from highest to lowest was 2.7581 mg/g for Zn ion by UFA >2.7515 mg/g
for Cu ion by HCI-FA >2.7231 mg/g for Ni ion by NaOH-FA > 2.7193 mg/g for
Ni ion by UFA >2.6943 mg/g for Cr ion by NaOH-FA > 2.6938 mg/g for Cu ion
by UFA >2.641 mg/g for Cu ion by NaOH-FA > 2.6299 mg/g for Ni ion by HCI-
FA >2.6083 mg/g for Zn ion by HCI-FA > 2.5798 mg/g for Zn ion by NaOH-FA
> 2.5716 mg/g for Cr ion by HCI-FA > 2.5653 mg/g for Cr ion by UFA.

When the fly ash is pretreated with acid or alkali, the chemicals become
immobilised at the adsorbent's surface, altering the removal mechanism. It should
be emphasised that the removal of metal ions in the solution is induced not only
by the adsorbent's porosity but also by the surface attraction or chemical bonding
phenomenon caused by the freshly added chemical onto the adsorbent (Qasem,
et al., 2021). Table 2 shows the chemical composition of fly ash changes by
various pretreatment methods.
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Table 2: The chemical composition of fly ash by various pretreatment methods

Constituent Raw Acid Raw Acid Raw Alkaline Raw Alkaline
FA treate FA treate FA treated FA treated

d FA d FA FA FA
SiO2 50.5 60.8 50.96  61.66 60.46 13.74 314 10.9
AO3 26.5 22.2 2745 242 21.50  5.99 28.16 8.6
Fe203 9.2 6.2 7.02 5.47 4.30 2.79 2091 44
CaO 5.6 2.0 4.22 1.07 7.63 2.69 4.82 1.35
MgO 22 0.7 1.28 0.75 0.82 0.23 1.96 0.64
SOs3 - - 1.52 0.18 - - - -
TiO2 1.6 2.0 1.74 1.92 1.53 0.69 - -
K20 1.6 1.7 3.34 3.21 1.25 0.45 0.1 0.12
References (Go and Yeom, (Gjyli et al., (Agarwal et al., (Santi et al., 2021)

2019) 2021) 2018)

It was observed that the raw fly ash content was found to be high in
aluminosilicate (Si-O-Al). As a result, fly ash is able to performs effectively in
adsorbing various metal ions. Increased silica and alumina content through acid
pretreatment, as indicated in Table 2, will improve the surface area and sorption
characteristics of the fly ash. The stronger the acid, the higher the pH value and
surface area of the fly ash and the stronger the interactions of surface functional
groups, especially for metal ions such as copper ion, which prefer an alkaline
environment (Buema et al.,, 2021). On the other hand, alkaline treatment
increased the soluble Si content while decreasing the alumina and silica content
in raw fly ash (Santi et al., 2021). However, the degradation of the mineral surface
may be anticipated to enhance the rough surface of the fly ash, resulting in
increased porosity of alkaline-treated fly ash capable of metal ion adsorption.
Indeed, due to the pH content of the adsorbent to the adsorbate, alkaline treatment
exhibited a good performance in removing some of the metal ions as mentioned
previously.

Adsorption Isotherms analysis for Cr, Cu, Ni, and Zn ions in solution
Adsorption isotherm models were used in the study to further evaluate the
adsorption mechanism of the pollutants into the adsorbent. To investigate the
adsorption isotherms, the collected data were analysed by using the Langmuir
isotherm, Freundlich, Temkin, BET, and D-R isotherms. Table 3 displays the
parameters and correlation coefficients of Langmuir, Freundlich, Temkin, BET,
and D-R isotherm models for different heavy metal ions (Cr, Cu, Ni, and Zn) on
various fly ash (UFA, HCI-FA, and NaOH-FA), as inferred from the gradient and
intercept of the linear graphs.
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Table 3: The parameters and correlation coefficients of Langmuir, Freundlich, Temkin,
Brunauer-Emmett-Teller (BET), and Dubinin Radushkevich (D-R) isotherm models for
different heavy metal ions (Cr, Cu, Ni, and Zn) on various fly ash (UFA, HCI-FA, and

NaOH-FA).
Temkin Brunauer-Emmett-Teller (BET)
Kr (L/ B
3] (J/mol) br R? Qm (mg/g) CBET R2
UFA
Cr 2.183 -0.859 -2894.604 0.999 1.048 0.846 0.998
Cu 1.948 -0.823 -3019.050 0.994 1.023 0.853 0.985
Ni 1.303 -0.730 -3403.458 0.998 1.264 0.892 0.997
Zn 2.159 -0.848 -2931.469 0.982 0.801 0.810 0.930
HCI-FA
Cr 2.217 -0.864 -2878.516 0.998 1.029 0.841 0.994
Cu 1.223 -0.717 -3466.099 0.996 1.266 0.893 0.991
Ni 1.529 -0.766 -3243.588 0.999 1.222 0.881 0.999
Zn 1.808 -0.807 -3081.932 0.999 1.138 0.865 0.996
NaOH-FA

Cr 1.751 -0.797 -3121.012 0.997 1.110 0.866 0.992
Cu 1.629 -0.780 -3186.216 0.999 1.180 0.876 0.997
Ni 0.965 -0.675 -3681.703 0.999 1.397 0.910 0.998
Zn 2.093 -0.847 -2936.664 0.998 1.061 0.849 0.995

Dubinin Radushkevich (D-R)

Qm

(mg/g) Epr R?
Cr 2.070 158.114 0.993
Cu 2.119 158.114 0.942
Ni 2.251 223.607 0.978
Zn 2.086 158.114 0.837
HCI-FA

Cr 2.068 158.114 0.980
Cu 2.271 223.607 0.957
Ni 2.204 223.607 0.992
Zn 2.145 158.114 0.988
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NaOH-FA
Cr 2.153 223.607 0.964
Cu 2.178 223.607 0.992
Ni 2.335 235.702 0.986
Zn 2.090 158.114 0.984

The result from Table 3 indicated that all the heavy metal ions
adsorption on UFA, HCI-FA, and NaOH-FA were favourable to Temkin
isotherm. The accuracy and compatibility of the adsorption system by using the
Temkin isotherm can be seen in R* value with all the R? coefficients of more than
0.99 for all the metal ions and the R? coefficient of 0.982 for zinc adsorption. The
closer it is to 1, the more compatible it is to the Temkin isotherm model as the
assumption of the model coincides with the adsorption system. Table 3 reveals
that the regression coefficient value of Temkin isotherm is 0.999 (Cr ions by
UFA), 0.994 (Cu ions by UFA), 0.998 (Niions by UFA), 0.982 (Zn ions by UFA),
0.998 (Crions by HCI-FA), 0.996 (Cu ions by HCL-FA), 0.999 (Niions by HCI-
FA), 0.999 (Zn ions by HCI-FA), 0.997 (Cr ions by NaOH-FA), 0.999 (Cu ions
by NaOH-FA), 0.999 (Ni ions by NaOH-FA), and 0.998 (Zn ions by NaOH-FA).
The Temkin isotherm model reflected the interaction between the metal ions in
the solution and the fly ash. It is assumed that as more metal ion molecules adhere
to the fly ash surface, the heat of adsorption for all molecules in the layer decrease
linearly (Elmorsi et al., 2022).

According to the Temkin isotherm model, adsorption is defined by a
uniform distribution of binding energies up to a maximum binding energy
(Owino et al., 2023). The br value in this study ranged from -3681.703 to -
2878.516, which was less than 80, indicating that the adsorption process is
physical between the metal ions and fly ash (Nandiyanto et al., 2022).
Furthermore, the investigation showed the B constant ranging from -0.8636 to -
0.6752, implying B < 8kJ/mol, signifying a weak contact between the adsorbate
and absorbent, likely due to minimal physical sorption in the initial layer (Elmorsi
et al., 2022). Moreover, the negative value of the Temkin constant, B also
indicated the endothermic heat adsorption process, as adsorption can be enhanced
by increasing temperatures (Potgieter et al., 2021).

The Kt value of the study in the Temkin isotherm model further
demonstrated that the adsorption affinity of the metal ions onto the binding sites
of fly ash which revealed in the order 2.22L/g (Cr ions by HCI-FA) > 2.18L/g
(Crions by UFA) > 2.16L/g (Zn ions by UFA) > 2.09L/g (Zn ions by NaOH-FA)
> 1.95L/g (Cu ions by UFA) > 1.81L/g (Zn ions by HCI-FA) > 1.75L/g (Cr ions
by NaOH-FA) > 1.63L/g (Cu ions by NaOH-FA) > 1.53L/g (Ni ions by HCI-FA)
> 1.30L/g (Ni ions by UFA) > 1.22L/g (Cu ions by HCI-FA) > 0.97L/g (Ni ions
by NaOH-FA). Principally, numerous factors influence the adsorption affinity
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between heavy metal ions and fly ash, such as ionic radii, molecular size, the
surface roughness of the fly ash, and the adsorption capacities of the binding
groups that react with various metal ions in the solution (Wadhawan et al., 2020).
However, the variation of the adsorption affinity of the fly ash is minimal which
is less than 1.252 L/g, indicated that both untreated and treated fly ash (acid and
alkaline treatments) maintained effective metal ion removal capabilities with only
slight impact on the favourability of metal ion adsorption.

CONCLUSION

Based on the study result, both untreated and pretreated fly ash had a significant
effect on removing the chromium, copper, nickel and zinc ions from the aqueous
solution. The recorded Cr, Cu, Ni, and Zn ions removal rates by UFA were 2.565
mg/g, 2.694 mg/g, 2.719 mg/g, and 2.758 mg/g, respectively. Then, HCI-FA were
adsorbed with 2.572 mg/g of Cr ions, 2.752 mg/g of Cu ions, 2.630 mg/g of Ni
ions, 2.608 mg/g of Zn ions. While the percentage removal of Cr, Cu, Ni, and Zn
ions removal rates by NaOH-FA were 2.694 mg/g, 2.641 mg/g, 2.723 mg/g, 2.580
mg/g, respectively. All the heavy metal ions (Cr, Cu, Ni, and Zn ions) adsorption
on UFA, HCI-FA, and NaOH-FA were favourable to Temkin isotherm, with R>
more than 0.98. Furthermore, the study revealed that all heavy metal ions
adsorbed by fly ash were dominated by physical adsorption with an endothermic
heat adsorption mechanism. This insight is valuable for water treatment and
environmental remediation efforts, providing practical guidance for optimal fly
ash utilization based on the target heavy metal ions and water conditions. By
bridging the gap between theory and application, this research not only
contributes novel findings but also holds the potential to advance current
practices in environmental science.
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