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A REVIEW OF CHEMICAL AND PHYSICAL PROPERTIES OF
MUNICIPAL SOLID WASTE INCINERATION BOTTOM ASH

AND ITS IMPACT ON CONCRETE PRODUCTION

Sa Ren Van Huynh1,2∗, Anh Thang Le3, Tuan Kiet Tran4

Abstract – This research assesses the physical,
chemical, and mineral characteristics of bottom
ash from municipal solid waste incinerators and
its effects when used in place of traditional
aggregates in concrete. Data was collected from
scopus.com during the period 2010–2024 using a
qualitative study approach and then united using
the WOSviewer tool to supply orderly illustration
maps proving the need for the research. A review
of these investigations disclosed essential tenden-
cies in the domain, accentuating the capability
of bottom ash as a valuable difference from
customary aggregates. As stated by the review’s
discoveries, concrete’s properties, including com-
pressive strength, shrinkage, porosity, water per-
meability, expansion, and shrinkage, vary notably
when bottom ash replacements standard parti-
cles. Though initially concerning, these changes
can be mitigated by applying various treatment
techniques. Removing bottom ash using mechan-
ical, chemical, and thermal techniques increases
its use rate in concrete while preserving its
necessary characteristics, such as durability and
structural integrity. Additionally, the study em-
phasizes the potential for improving bottom ash’s
properties to meet construction industry stan-
dards. Reusing bottom ash in buildings reduces
the disapproving environmental impact and sig-
nificantly enhances natural aggregate resources.
This, in turn, mitigates dependence on newly
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obtained materials, reducing the environmental
footprint of traditional aggregate extraction. As
a result, this research supports auxiliary sustain-
able development in the building field, contribut-
ing to environmental preservation and resource
optimization in the long run.
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MSWI bottom ash in concrete, municipal solid
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I. INTRODUCTION

As the world population and economic system
continue to expand, the amount of municipal
solid waste (MSW) created across the globe will
rise considerably, reaching 3.4 billion tons by
2050 [1]. By transforming rubbish into thermal
energy, waste incineration infrastructure offers a
viable method for dealing with MSW that is com-
plex to biodegrade or recycle [2–4]. The release
of atmospheric contaminants and the creation
of remnants are the main ecological issues of
waste-to-energy processes [5]. The problem of
atmospheric contamination can be alleviated by
implementing an efficient pollution control sys-
tem in waste-to-energy plants [1, 6]. Nonetheless,
the disposal of incineration by-products continues
to be a challenge that must be addressed effi-
ciently. The method of incineration significantly
impacts the quantity of residues produced. Re-
search indicates that the by-products generated
after incinerating MSW can constitute approxi-
mately 20% of the input waste [7, 8]. Depending
on the incineration method, waste incineration
processes produce three kinds of by-products:
fly ash, bottom ash (boiler ash/including econ-
omizer), and atmospheric pollution residues [8].
Of these by-products, only bottom ash is regarded
as non-hazardous waste [9]. Bottom ash from
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municipal solid waste incineration (MSWI) is
typically gathered at the base of the combustion
chamber and can make up 80–90 wt% of the total
incineration remnants [10, 11]. In Vietnam, the
swift inhabitant growth and urban development
have led to a rise in MSW, resulting in environ-
mental infection and influencing human health.
Thus, many MSWI plants have been built and are
functioning, producing a large amount of bottom
ash that is currently being landfilled. Figures
show that the overall volume of MSW created
nationally in 2019 was 64,658 tons per day. The
country is building waste incineration plants with
diverse techniques, producing a substantial ash
source.

Using bottom ash from MSWI for produc-
tive materials in the construction industry is
becoming essential. Globally, the mineral com-
ponents found in bottom ash from MSWI can
be utilized in ceramics production [12–17] and
in other construction materials such as cement
clinker, aggregates, and binding agents [18–24].
Bottom ash from MSWI is widely used as a
landfill for building highways and levees [25].
In Vietnam, although there are regulations and
standards for using a portion of bottom ash in
the construction sector, its application remains
limited, and there are very few studies on using
bottom ash in concrete production. Research on
optimizing the use of bottom ash and creating
environmentally friendly concrete is still scarce.
However, employing bottom ash from MSWI
as an additional cementitious component or a
precursor for alkali-activated materials presents
considerable challenges because of its diverse and
complex composition. The chemical and physical
and chemical characteristics of bottom ash from
MSWI are greatly influenced by the composition
of the input materials, the combustion process,
and the processing methods applied, which ne-
cessitate extensive research and development to
enhance its application in concrete production.

Using energy-dispersive X-ray (EDX) and X-
ray emission spectroscopy, the present work in-
vestigates bottom ash’s chemical and physical
properties from MSWI to identify Ca, Si, Al, Fe,

and Mg, among others. The interaction of bottom
ash with cement and the hydration process is
much influenced by its abundance of minerals,
including quartz, calcite, and iron oxide, as well
as physical properties, including porosity, particle
size, and mineral phase distribution. The work in-
vestigates how MSWI bottom ash affects concrete
properties, including compressive strength and
durability. Changing a component of traditional
aggregate with MSWI bottom ash changes the
compressive strength of concrete. Notably, sub-
stituting 30% can diminish compressive strength;
a smaller proportion (10%) may only marginally
weaken or even raise the compressive strength
in particular cases. Particularly about controlling
the growth of ettringite crystals from the sulfate
and alumina phases, further research is needed
to identify the exact factors influencing the ex-
pansion and contraction of concrete with bottom
ash. A review of the studies on bottom ash in
Vietnam exposes the possibilities and challenges
of employing this waste substance in manufactur-
ing concrete, opening new paths for the building
sector and environmental preservation.

II. RESEARCH METHODS

The bibliometric analysis method is applied in
this study to determine research trends regard-
ing the physical and chemical characteristics of
MSWI bottom ash and how they affect concrete
production. The credibility and inclusiveness of
the information source are confirmed by the fact
that the data was compiled from the Scopus
database, a prestigious system for research-based
document repositories. To ensure the exactness.
The applicability of the data, the search pro-
cedure, and data collecting are carried out ac-
cording to set standards. The years 2010–2024
are included in the requirements. Journal articles,
conference papers, and review articles are among
the documents that need to be collected. The doc-
umentation needs to be written in English. The
terms ‘MSWI’, ‘concrete’, ‘treatment’, ‘bottom
ash’, and ‘cement’, coupled with logical operators
like OR, AND, and NOT are used in the search
process to maximize results. Lastly, duplicate
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articles that are unnecessary or lack essential
information will be eliminated by filtering the
gathered data.

Fig. 1: Choosing the type of analysis and
counting method for map creation

Fig. 2: Verifying selected keywords
for map creation

Upon data collection, a comma-separated val-
ues file is loaded into WOSviewer as the research
method of Van et al. [26] to generate visual maps
of the keyword co-occurrence network, facilitat-
ing the identification of primary research sub-
jects. The process commences with selecting the
data type, wherein the user opts for ‘Create a map

based on bibliographic data’ followed by extract-
ing data from bibliographic database files from
Scopus. Subsequently, it employs many accessi-
ble analytical techniques (Figure 1). Keyword co-
occurrence analysis is the principal method used
to discern the fundamental issues, utilizing the
author’s keywords as the analytical unit (Figure
2). A minimal criterion for the frequency of key-
word occurrences is established. Subsequently, to
facilitate the visualization of the linkages across
study topics, only the keywords that satisfy the
requirements are chosen to construct the map
(Figure 3).

Fig. 3: Network of MSWI bottom ash

III. RESULTS AND DISCUSSION

This section analyzes bottom ash’s chemical
and physical properties from the MSWI process
and assesses its impact when applied to concrete
production. First, the chemical characteristics of
the bottom ash are presented based on X-ray
fluorescence analysis results and the main ox-
ide components, clarifying the potential of these
components in the cement hydration process. The
part on physical properties covers bottom ash’s
surface qualities and structure, influencing con-
crete’s mechanical properties and lifetime. Next
under examination are studies on compressive
strength, water permeability, porosity, and con-
crete expansion, including bottom ash, to help
define the effect of various replacement ratios.
Lastly, treatment plans to maximize bottom ash
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before its concrete manufacturing use is covered
to improve reuse possibilities and reduce envi-
ronmental impact.

Chemical properties
In this portion, we revise and fuse existing

studies on the chemical personal effects of MSWI
bottom ash, drawing upon various trial data to
highlight the initial elements present and their
possible roles in concrete making.

A chemical composition analysis of bottom
ash from MSWI was conducted using X-ray
Fluorescence Spectroscopy. MSWI bottom ash
holds significant amounts of Al2O3, SiO2, and
CaO [27], which are essential for the hydration
process in cement. Significantly, the CaO con-
tent in disintegrate secondary than 0.125 mm is
38.41%, while SiO2 and Al2O3 are 16.46% and
15.68% singly [28]. These concentrations vary
depending on particle size, with SiO2 increasing
in more significant segments [29]. These are also
the main components of the OPC [27].

The primary cation elements, besides Si, which
is present at high concentrations (> 10,000
mg/kg), include Ca, Al, Na, and Fe. Environ-
mentally concerning heavy metals are present at
relatively high concentrations (> 100 mg/kg) and
include Zn, Pb, Cr, and Cu [30].

Moreover, the average chemical composition
of naturally cured bottom ash from MSWI is
presented in Table 1, containing 49.38% SiO2
and 14.68% CaO, along with other components
[31].

Table 1: Average chemical composition of
naturally weathered bottom ash from MSWI

In this table, the chlorine (Cl) value is listed
as ‘n.d.’ which stands for ‘not detected’. It in-
dicates that the chlorine concentration in the
naturally weathered bottom ash sample is too low
to be measured or detected using the analytical
method.

The first oxide components of MSWI are
outlined in Table 1, with values aligning with
previous research [32–34]. A comprehensive re-
view of the principal oxide components in bot-
tom ash from MSWI reveals that the primary
components include SiO2 (34.0%), CaO (28.4%),
Al2O3 (8.3%), and other oxides. The secondary
components of MSWI bottom ash also have a
significant influence, with variations tied to the
specific characteristics of MSWI and operating
conditions like combustion heat. Earlier research
has determined that treating salty and polyvinyl
chloride waste has led to MSWI bottom ash with
elevated chloride content [35]. In MSWI bottom
ash, SiO2 primarily exists as quartz, providing
nucleation sites during the hydration process but
limiting its contribution [32, 36]. Research by
Loginova et al. [32] demonstrated that the Si
proportion of coarse bottom ash from MSWI
particles might reach double those of smaller
particles, highlighting the importance of grinding
the coarse particles [32]. For aluminum, most
aluminum-bearing phases in bottom ash exist in
their pure metallic state [34].

The most critical compounds for concrete
products are Al, Pb, and Zn. Elevated aluminum
concentrations can cause swelling in fresh con-
crete. Besides, the Pb and Zn content can delay
concrete curing time [37, 38].

The results in Table 2 show that the heavy
metal content is much lower than the limits set
by QCVN 07:2009/BTNMT [39], indicating that
MSWI bottom ash is non-hazardous solid waste.
The chemical composition of the bottom ash was
analyzed by wet chemistry (Table 3), showing
that it mainly consists of common oxides.

Physical properties
This section examines the physical character-

istics of MSWI bottom ash based on established
research. By aggregating various studies, we aim
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Table 2: Heavy metal composition in MSWI
bottom ash

Table 3: Basic chemical composition of MSWI
bottom ash

to provide a detailed understanding of how the
material’s physical attributes influence its con-
crete application.

The EDX spectra analysis of finely ground bot-
tom ash particles has identified the presence of
Al, Fe, Mg, and Si (Figures 4c, 4d, 4e), aligning
with the primary oxide components identified by
X-ray Fluorescence Spectroscopy and shown in
Table 1. Titanium (seen in Figure 4c.z4) was
likewise detected [40]. The EDX spectra reveal
larger particles (Figure 4c.z1) that appear more
abundant in silicon, oxygen, and sodium. A few
small, bright particles contain iron and oxygen,
likely iron oxide (Figure 4c.z5) [41].

As observed in Figure 4a, the crushed bottom
ash particles, considered using Scanning Electron

Microscopy (SEM), display an irregular and an-
gular shape, and debris from fragmented material
can be seen on the surfaces of some particles.
Figure 4b shows these features are consistent
with previous studies [20, 42, 43]. The surface
characteristics of MSWI particles predominantly
originate from buffer substances or waste-holding
contaminants and intricate elements that can lead
particles to clump together at high heat during
burning [40]. Particles with a spongy structure,
seen in Figure 4a.z3, might comprise mineral
components, partially or fully molten, then be-
come porous as trapped gases escape, as sug-
gested by [34, 35].

SEM images (Figure 5) reveal that the ash
particles have numerous gaps and voids, leading
to a rough surface and a large surface area. It
increases the water demand when mixed into the
cement blend and offers better opportunities for
chemical interaction during the hydration pro-
cess [29]. The particle composition and physical
properties of MS bottom ash were determined
according to TCVN 7572:2006 [44]. The Los
Angeles abrasion test was performed for particles
larger than 5 mm. The hazardous components in
MSWI bottom ash were determined using US
EPA Method 1311 and SMEWW 3125B:2012.
Bottom ash from MSWI is a suitable substitute
for fine aggregate in concrete and concrete bricks
due to its appropriate particle size and not overly
complex manufacturing process. However, bot-
tom ash contains easily soluble chloride salts
and a small amount of heavy metals, requiring
treatment to reduce Cl- ions and alkalis levels.
The heavy metals in the ash can cause expansion
and cracks in the concrete structure. The low
melting temperature of bottom ash allows for
manufacturing ceramic aggregates with good me-
chanical properties, but this is more costly. The
porous particle structure of bottom ash increases
the water demand for the concrete mix and the
process of shaping concrete bricks.

Mineral constituents
This section presents a comprehensive review

of the mineral constituents of MSWI bottom ash,
summarizing key findings from various studies.
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Fig. 4: SEM image in secondary electron imaging of bottom ash granules: a) overall particle
overview (× 500); b) particle specifics (× 5000); c) EDX spectra related to area z1; d) EDX spectra

related to area z4; e) EDX spectra related to area z5

The mineral composition and its implications for
concrete production are discussed, particularly
emphasizing the phases that influence hydration
and durability.

The primary constituents in MSWI bottom
ash are metals and minerals [45]. Weathered
bottom ash from MSWI contains various miner-
als, including silica, iron oxides, different phos-

phates, hydroxides, carbonates, sulfates, non-
ferrous metal oxides, silicates, chloride salts,
sulfides, and other minerals. These minerals are
classified into 11 distinct categories, detailed
in Table 4. Silicates are categorized into four
subgroups: pyroxene, melilite, feldspar, and other
silicates. The literature often references minerals
like iron oxides, quartz, and calcite. Typically, the
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Fig. 5: Morphology of air-recovered MSWI bottom ash (0–2 mm) directed by SEM
(100 and 500 × enlargement, using an acceleration voltage of 10 kV)

content of iron oxides is below five wt%, with
magnetite being the predominant component. The
overall silicate content in the ash usually does not
exceed 15 wt% and includes common silicates
like gehlenite, akermanite, albite, anorthite, and
diopside [46].

As determined by the XRD method (Figure 6),
the ash contains primary mineral phases such as
quartz (SiO2), calcite (CaCO3), and minerals like
akermanite and magnetite. The distribution of
these mineral phases affects how the ash interacts
with cement and influences the hydration process
[29].

A. Characteristics of concrete when using MSWI
bottom ash

Evaluating its durability, which informs its
long-term performance, is crucial to achieving
sustainable concrete. The durability of concrete
that incorporates treated bottom ash depends on
its interaction with environmental factors and the
penetration of deleterious agents. Consequently,
pore structure and movement characteristics such
as capillary absorption velocity, air flow, chlo-
ride penetration, and carbonation were evaluated
to compare the long-term performance between
concrete mixes containing treated bottom ash and
standard reference mixes [64].

Kim et al. [65] utilized MSWI bottom ash to
replace fine aggregate. The mixtures’ compres-
sive strength, hydration temperature, and shrink-
age performance were assessed. These findings
provide insights into the effects of bottom ash
from MSWI on the properties of mortar and
its potential application as an additive in the
construction industry, particularly in producing
mortar and concrete [65].

Compressive strength of concrete
The investigation carried out by Li et al. [66]

assessed the impact of bottom ash from MSWI
fine powder in conjunction with variations in the
water-binder ratio on the concrete’s compressive
strength (Table 5). Figure 7 shows the compres-
sive strength of concrete containing bottom ash
from MSWI micro powder after 28 and 90 days.
The compressive strength of standard concrete
and concrete with bottom ash from MSWI fine
particles appear comparable. As the water-binder
ratio rises, the compressive strength of the con-
crete diminishes. Also, when the curing time is
long and the mixing amounts are the same, the
compressive strength of regular concrete is not
as high as that of concrete with bottom ash from
MSWI fine particles [66].
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Table 4: Categories of minerals found in weathered bottom ash from MSWI

Fig. 6: XRD spectra of original bottom ash samples from various particle sizes

Adding 30% bottom ash from MSWI fine pow-
der decreases the compressive strength by about
25%, while a 10% addition only reduces it by 8%.
With a water-binder ratio of 0.4 and an acceptable
powder content of 10%, the compressive strength
of bottom ash from MSWI fine particle concrete
surpasses that of regular concrete. Over 28 to
90 days, the increase in compressive strength for
bottom ash from MSWI fine particle concrete
surpasses that of regular concrete, especially at
20% and 30%, achieving more than 20%. Bottom
ash from MSWI fine particle concrete displays
a slower hydration reaction, gradually increasing
compressive strength with prolonged curing time,
Figure 7 [66].

The substitution ratio of bottom ash from
MSWI in granite aggregate and concrete strength
performance was determined based on compres-
sion test results in hydrated conditions. The data
shows an inverse relationship between strength
and substitution ratio. Concrete with 50% MSWI
aggregate achieved strength comparable to the
batch with 50% Litex at one day and 28 days.
The one-day strength was 12.4 MPa, increasing
to 25.3 MPa after 28 days, meeting ASTM C90
requirements for structural concrete strength [68].

MSWI bottom ash and its effect on the me-
chanical properties of concrete and cement mor-
tar, comprising different compressive strength
values, with some reaching approximately 40
MPa [41].
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Table 5: Proportion of concrete mixture with fine particles of bottom ash from MSWI

Fig. 7: Compressive strength of bottom ash
from MSWI micro powder concrete

When utilizing processed MSWI ash (involv-
ing screening, self-milling, as well as mag-
netic segregation), the resulting cement sam-
ples demonstrated excellent compressive strength
alongside a minimal waste content (less than
5% of total aggregates by weight) when the
substitution ratio of ash was increased (exceeding
10%), mechanical properties exhibited a signifi-
cant decline [38].

Evaluating water permeability
Wet-ground MSWI bottom ash exhibits ef-

fective pozzolanic properties. Replacing 30% of
Portland cement using this ash results in a no-
table durability enhancement and a considerable

decrease in concrete permeability [23].
The water absorption rate of bottom ash from

MSWI is more significant than that of sand with
grain dimensions ranging from 0.063 mm up to
2 mm and gravel with grain sizes ranging from
2 mm to 60 mm generated through soil washing
[30].

Evaluating porosity
Weng et al. [67] employed bottom ash from

MSWI as a concrete mixture to create unique
aerated blocks. As shown in Table 6, replac-
ing aggregate with bottom ash from MSWI mi-
cro powder influences the porosity of concrete,
particularly at a high replacement level (30%).
Porosity generally decreases over the curing pe-
riod in most cases, except for the sample with
30% bottom ash from MSWI micro powder at a
W/B proportion of 0.2, where porosity slightly
increases after 90 days [66].

Numerous presumptions rely on the approx-
imated amount of water not involved in the
lubrication of materials or the filling of voids.
This water within the bottom ash particles via
capillary water storage does not help form capil-
lary pores [69, 70]. While water absorption by
bottom ash changes the planned water content
in concrete usability, this impact causes the ash
to function as a permeable aggregate, serving as
water storage for the cement moisture process in
the future [71–76].
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Table 6: Porosity of concrete
with varying proportions

Expansion and shrinkage
Various factors contribute to expansion, in-

cluding gel creation due to the generation of
ettringite, the oxidation of metallic aluminum,
and the hydration of lime and magnesium oxide.
However, the impact of the last factor is not as
pronounced as the first two mechanisms [77].

The amount of sulfate quantified as SO3 is
crucial because high levels of sulfates can induce
harmful expansion in the cementitious matrix.
From stoichiometric estimations based on the
SO2−

4 , a mean SO3 concentration of 0.41% was
determined for processed bottom ash. Hence, the
role of processed bottom ash as a Supplemen-
tary Cementitious Material (SCM) in influenc-
ing overall sulfate quantities might be minimal.
The magnesium levels can affect the integrity of
cement-based materials. Still, the amount found
in ground bottom ash is modest (2.83%), aligning
with a study conducted by Matos et al. [78].

The concentration of acid-soluble sulfate is
greater in coarse MSWI bottom ash with particle
dimensions ranging from 0 to 10 µm, which
could lead to concrete expansion. A reduced
water/cement ratio and sulfate-resistant cement
are advised when concrete incorporates coarse
bottom ash. Across all types of waste, the level
of water-soluble sulfate is lower than that of acid-
soluble sulfate by at least an order of magnitude
[79].

Kim et al. [65] researched the expansion and
shrinkage of mortar blends containing MSWI
bottom ash through a series of tests. In Figure 8,
the value of 10 denotes that 10% of the natural
sand in the composition is replaced with bottom
ash in the sample. The aggregate that is unaltered

bottom ash from MSWI is labeled as M10. The
aggregate is bottom ash from MSWI bottom ash
immersed in a 3% sodium chloride solution, as
indicated by the symbol M10-C. The aggregate
is MSWI bottom ash immersed in seawater, as
indicated by the symbol M10-S. The aggregate
is MSWI bottom ash soaked in tap water, as
indicated by the symbol M10-T. The aggregate
immersed in deionized water is denoted as M10-
D [65].

Figure 8a indicates that all the specimens
expanded in length for the first 12 hours after
they were cast. Following this, while the control
specimens started to contract, those with MSWI
bottom ash expanded gradually until approxi-
mately the second day after casting. Such expan-
sion is linked to the creation of ettringite crystals
from the phase containing aluminum and sulfate
ions [80]. The M10-S sample showed the most
significant expansion, possibly due to sulfate ions
from seawater processing and calcium ions in the
bottom ash [65].

Regarding shrinkage, the samples were kept
enclosed for the initial seven days before their dry
shrinkage was assessed in Figure 8b. By day 113,
all the mortar specimens with MSWI bottom ash
demonstrated more shrinkage than the control,
with increases of 21.84%, 21.62%, 26.62%, and
14.05% for M10, M10-C, M10-S, M10-T, and
M10-D, respectively, compared to the control.
This may be attributed to the elevated porosity of
the MSWI bottom ash particles, facilitating more
effortless water movement during the hydration
phase [65].

B. Treatment measures to increase the usage rate
of bottom ash in concrete

Metal scrap in bottom ash from MSWI can
be recycled. Besides metal extraction, reusing
the minerals found in MSWI bottom ash is cru-
cial. This measure will assist in reducing the
exhaustion of the world’s essential mineral re-
serves because land-based mineral mines cannot
be regenerated within a human lifetime [81].
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Fig. 8: Comparison of length variation between Portland cement and MSWI incorporated mortars: a)
Expansion prior to demolding, b) Shrinkage after demolding

Treatment at a waste incineration plant
When newly generated, bottom ash from

MSWI is often treated within the facility to
recover metal residues and minimize the release
of toxic metallic ions into the surroundings. At
the plant level, these processes include reduc-
ing particle size, extracting metals, stabilizing,
cleansing, and categorizing the ash, each utilizing
specific methodologies [79, 80]. Reducing parti-
cle size is essential as it helps free the bound
components fused during incineration, making
subsequent material separation and categoriza-
tion more efficient. Metric extraction focuses
on reclaiming ferrous and non-ferrous metals
through magnetic and eddy current separators
[82, 83]. Additionally, fresh MSWI bottom ash
undergoes stabilization via weathering, which
leads to a decrease in pH levels and a reduction
in the leaching of heavy metals [48, 84–88].
This weathering, typically one to three months,
stabilizes the ash and lowers the danger of heavy
metal seepage, enhancing its suitability as an
alternative aggregate in concrete production. Ta-
ble 7 presents the by-product crystals and gel
phases identified post-weathering of fresh bottom
ash from MSWI. Therefore, MSWI bottom ash
demonstrates considerable potential for expanded
use in building material production, particularly
as natural aggregates become increasingly scarce
[89].

Treatment using chemical methods
The analysis of pretreatment procedures fo-

cused on eliminating metallic contents, as these
metals can lead to staining or rust formation
near the surface of the concrete. Additionally,
ensuring no presence of uncombusted substances
and maintaining residual moisture below 30There
are three primary chemical treatment methods
for MSWI bottom ash: treatments with alkaline
solutions, water, and acid solutions. The treat-
ment using an alkaline solution, often employing
NaOH, is designed to eliminate metallic Al and
Zn levels. The effectiveness of this treatment
is influenced by several factors, including the
size of the particles, the sodium hydroxide solu-
tion concentration, the liquid-to-solid ratio, and
the heating temperature [96–99]. Following this
treatment, the slurry of MSWI bottom ash can
be directly utilized to create AAM, or it can
partly replace aggregate in concrete after a water
wash to eliminate excess alkalis [98]. The water
treatment process generates an alkaline environ-
ment by dissolving the alkalis from MSWI in the
bottom ash. Its effectiveness is determined by the
particle size and the water-to-solid ratio [100],
and it enhances the physical properties of the ash
when it substitutes for aggregate. Acid treatment,
coupled with water washing, markedly lowers the
chloride and sulfate levels, improving the ash’s
fitness for use in concrete [101]. Furthermore,
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Table 7: By-product mineral and gel structures formed during the weathering process

adding Na2CO3 to water not only boosts the
removal of sulfate salts but also strengthens the
alkaline conditions in the concrete mix, thereby
enhancing the strength and overall performance
of concrete made with treated ash [102].

The washing of bottom ash helps diminish the
concentration of pollutants, except for elements
such as iron, arsenic, barium, and manganese.
With the same particle size, the contaminants in
bottom ashes are lower than in soil washing by-
products. Unwashed bottom ashes exhibit inferior
qualities. The larger particles of washed bottom
ashes from MSWI and gravel from soil washing
demonstrate superior characteristics to natural
aggregates [30].

Treatment using mechanical methods
Typically, the by-products from the washing

process and the coarser granular sizes exhibit
the most favorable properties. Indeed, the wash-
ing treatment efficiently removes pollutants, and
contaminants tend to be concentrated in the finer
fractions [30].

Mechanical processing techniques for MSWI
bottom ash encompass dry grinding and screen-
ing, which aim to diminish particle size and
ensure a consistent composition. This grinding
enlarges the surface area and enhances the ash’s
reactivity, rendering it more appropriate for in-
corporation as a concrete aggregate. Brief, low-
speed dry grinding fractures brittle minerals and
converts ductile metals into flaky pieces, easily
separated in the screening phase [43]. This ap-
proach can eliminate up to 80 wt% of metal-like
aluminum in weathered bottom ash from MSWI.

Introducing water into the grinding process am-
plifies the oxidation of metallic aluminum, fos-
tering an alkaline setting that aids this transfor-
mation. However, only some metallic aluminum
undergoes oxidation during the wet grinding in-
terval [24]. Following its mechanical processing,
MSWI bottom ash is not only devoid of metals
but also possesses characteristics conducive to
replacing part of the aggregate in concrete, thanks
to modified particle sizes and enhanced physical
properties.

Treatment using thermal methods

Thermal processing of bottom ash from MSWI
effectively enhances the quality of the ash by
eliminating organic compounds, encouraging the
development of reactive phases, immobilizing
heavy metals, and facilitating the oxidation of
aluminum and zinc [43, 55, 60, 103–106]. The
temperature range of this treatment, between
500–900oC and 1000–1500oC, influences the
process’s efficiency, particularly in minimizing
the leaching of elements such as Cu and Sb
[43, 107, 108]. This treatment improves the
bottom ash’s compressive strength and reactive
characteristics as an alternative concrete aggre-
gate [43, 109]. Moreover, the high-temperature
treatment also diminishes the levels of metal-
lic aluminum, eradicates heavy metals through
volatilization, and augments the proportion of
amorphous phases, thereby enhancing the suit-
ability of bottom ash from MSWI as a pozzolanic
additive in concrete [11, 15, 104–105, 110]. This
elevates the quality of concrete and contributes
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to environmental protection by reducing landfill
waste.

Table 8: Chemical compositions
of MSWI residues

Bottom ash processing is designed to enhance
its incorporation rate into green concrete, substi-
tuting some of the granite used. MSWI bottom
ash was subjected to pyrolysis at 200°C to tackle
the high carbon content and LOI values, effec-
tively reducing both the carbon and LOI content
values, as indicated in Table 8. Following this,
the bottom ash underwent magnetic separation
and was sorted by size to be ready for storage
and future use. Additionally, the study included
commercial Litex aggregate and granite as refer-
ence materials to aid in assessing the suitability
of bottom ash for concrete application [68].

Cheeseman et al. [111] investigated the char-
acteristics of lightweight aggregates produced
through fast sintering incinerator bottom ashes
for use in concrete and other purposes. The
researchers found that heating at temperatures
ranging from 1,000 to 1,050oC yielded pellets
with density, water absorption, and compressive
strength properties that were on par with com-
mercially available lightweight aggregates [30].

IV. CONCLUSION

In the past few years, the application of MSWI
bottom ash in concrete production has received
significant attention due to its ability to replace
natural aggregates and help reduce environmental

impact. Studies have shown that MSWI bottom
ash can effectively produce construction ma-
terials, especially for concrete, unfired bricks,
and agricultural land reclamation applications.
Additionally, one of the prominent advantages
of MSWI bottom ash is its ability to improve
the physical and chemical properties of concrete,
thanks to its diverse chemical composition, in-
cluding large amounts of CaO, SiO2, and Al2O3,
essential components for the hydration process
in cement. Furthermore, the treatment process of
bottom ash from MSWI, such as dry grinding,
screening, and thermal treatment, helps remove
pollutants and heavy metals, thereby increasing
the possibility of utilizing bottom ash as an
additive in concrete.

However, there are still challenges in the
widespread application of MSWI bottom ash due
to the complexity of its chemical composition,
which can affect the hydration process and the
mechanical properties of concrete. This requires
researchers to continue exploring and develop-
ing new treatment methods and applications to
optimize the benefits of MSWI bottom ash. In
increasingly scarce natural resources, the search
and application of alternative materials are es-
sential. MSWI bottom ash reduces waste sent
to landfills and opens new directions for the
construction industry in sustainable development.
Research and practical applications show that
MSWI bottom ash has the potential to become
one of the leading materials in the future of
the concrete production and building materials
industry.
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