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The amount of garbage in the country, which tends to increase each year, is a lingering
issue. Not only are the numbers increasing, but the handling procedures also contribute to
the problem. Improper waste management pollutes both land and water sources such as
rivers and seas. The purpose of this study is to investigate the major chemicals in eco-
cement generated from landfill waste burning ash (ATPA) and Portland composite cement
(PCC). The goal of this study is to create eco-friendly eco-cement materials by combining
ATPA with PCC. This research used X-ray diffraction to conduct semi-quantitative tests
on the PCC: ATPA compositions of 100%:0%, 75%:25%, 50%:50%, 25%: 75%, and
0%:100%. The study found that silica (SiO2) and aluminium (Al203) were the most
common chemicals formed in eco-cement without and with ATPA. The intensity value of
each material reaches 1600 a.u. (absorb unit) at a diffraction angle of 30<(26). According
to these findings, ATPA material is classified as crystalline. Depending on the application,
materials with higher crystallinity are frequently linked to greater mechanical strength.
This demonstrates that eco-cement derived from ATPA and PCC can be used as a
cementitious material in the production of environmentally friendly mortar and concrete
using waste and rubbish materials. According to the study’s characterisation, ATPA can
directly substitute some PCC as a binder material; nevertheless, more research is required

to examine the mechanical properties that arise.

1. INTRODUCTION

Indonesia is one of the countries with the highest levels of
garbage generation. The amount of waste generated each year
has increased as a result of rapid population growth,
urbanization, and rising consumption. Rapid urbanization in
Indonesia, particularly in large cities, has led to a rise in trash
output [1-3]. Increased consumption and consumerist

lifestyles have also had an impact on garbage production levels.

The expansion of the industrial and economic sectors has also
resulted in increased garbage output. Food and beverage,
construction, and industrial industries generate enormous
amounts of trash. Improper garbage management can pollute
the ecosystem. Piles of rubbish in non-compliant landfills, as
well as unlawful waste disposal, can pollute soil and water
sources. Chemical and hazardous waste items can potentially
affect ecosystems and jeopardize biodiversity [4-6].

The high rate of garbage generation places a significant
strain on Indonesia’s waste management system [7]. The
country faces a significant issue in managing the high volume
of waste due to a lack of suitable infrastructure and resources.
One of the most significant barriers to trash management is a
lack of waste management infrastructure [8, 9]. Many areas of
Indonesia still lack processing facilities, suitable landfills, and
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effective trash collection systems. In truth, the Indonesian
government has taken various initiatives to enhance trash
management, such as establishing a national waste
management strategy and instituting recycling programs.
However, we still need to spend more on waste management
infrastructure, enact stronger limits on single-use plastics, and
improve waste collection and processing systems [10].

In 2022, the Ministry of Environment and Forestry’s
National Waste Management Information System reported a
nationwide waste accumulation of 21.1 million tons, based on
data collected from 202 regencies/cities across Indonesia. Of
the total waste generated, 34.29% (7.2 million tons) remains
unmanaged, while 65.71% (13.9 million tons) is being handled
through various waste management processes [I1].
Additionally, according to the Sustainable Garbage Indonesia
agency, 3.2 million tons, or 5%, of the nation’s annual trash
production is made up of plastic waste. Five percent, or 3.2
million tons, of all waste is made up of plastic waste. 226
thousand tons, or 7.06 percent, of this total garbage production
is made up of branded bottled drinking water (AMDK)
products, with up to 46 thousand tons, or 20.3 percent, coming
from AMDK waste in plastic cup packaging [12, 13].

Situated in Makassar City, South Sulawesi Province’s
Manggala District, the Tamangapa Final Disposal Site (TPA)
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is one of the biggest in Indonesia. The 20.1-hectare
Tamangapa TPA, which was created in 1993, is no longer able
to handle Makassar City’s garbage production. The majority
of garbage comes from citizens’ activities in places like malls,
markets, hotels, trade centers, and so on. With a population of
1.3 million in Makassar City, the Tamangapa TPA continues
to use the open dumping method, which includes distributing
rubbish in an open area without any security precautions. This
practice is not recommended since it can cause severe
environmental contamination. According to the statistics
acquired, the volume of garbage received is 4258.78m?/day,
which equates to 30,302.3m>/year. The total amount of waste
in 2019 was 1,130,617.51m?, exceeding the TPA capacity
level of 1,144,800m>. Figure 1 displays the current status of
the Tamangapa TPA, one of Makassar’s TPAs.

The Tamangapa TPA generates a substantial quantity of
garbage each year, prompting action to reduce waste. One such
approach is to transform garbage into other materials like
mortar or concrete. We can use the ash from burning TPA
waste to make alternate materials for paving blocks, possibly
replacing some of the cement. Early research indicates that
silica and alumina are highly concentrated in the ash produced
by burning TPA waste. TPA waste ash’s silica and alumina
content can be used to partially substitute cement in the
making of mortar and concrete.

There is no denying that the widespread use of cement as
the primary building material has a detrimental impact on
environmental management. Coal is a common fuel used in
power plants. One type of pollution that results from burning
coal is fly ash. To reduce energy consumption and the use of
non-renewable natural resources [ 14], several cement plants in
Indonesia produce composite Portland cement (SNI 15-7064-
2004) by combining fly ash and waste containing pozzolan
with Portland cement clinker [15]. Composite Portland
Cement is classified as CEM II by the European standard EN
197-1:2000; Indonesia just began producing it in 2005,
however, CEM II category cement accounts for over 50% of
the European market, surpassing Type 1 Portland Cement,
which only generates around 35% [16].

Many individuals use cement as a binding agent to make
concrete and mortar. As is well known, cement manufacture is
an energy-intensive process that consumes a significant
amount of energy, resulting in CO; emissions of
approximately 7% into the environment. About 1 ton of CO;
will be produced during the calcination of lime material and
the burning of coal or fuel in order to sustain high temperatures
in the rotary engine [17].

Figure 1. TPA tamangapa
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In addition, a significant amount of coal is needed to
generate energy, and many nations employ this fuel in their
power plants. Fly ash is one of the waste byproducts produced
by burning coal. The rising demand for power causes a rise in
coal burning, which results in an increase in coal waste. The
majority of the absorbed coal waste is disposed of in the
disposal pond, while just a little part is used in blended cement.
The growing amount of coal waste poses environmental
problems due to a lack of disposal places [18].

To effectively handle the waste problem, we must deploy
appropriate processing alternatives, such as controlled
combustion technology or burning in an incinerator. This
method uses less land and yields fewer leftovers (bottom ash
and fly ash), which can be used to manufacture concrete and
mortar.

A material can be tested in a variety of ways to determine
its physical, chemical, and mechanical properties [19]. A semi-
quantitative test on the test object is one of the tests that can
be used. The tests in question are SEM-EDS and XRD. We use
SEM-EDS testing to evaluate the microstructure of the
material being studied. We use XRD to qualitatively identify
elements, compounds, phases, and crystal structures.
Diffraction-based experimental approaches can successfully
study atoms organized to create crystal formations as well as
microstructures and phases. In diffraction tests, a detector
records the waves that strike the substance. The detector
identifies the direction and strength of diffracted or radiated
waves from the material. Wave interference happens when
waves are emitted by atoms with various kinds and locations.
In crystal structures and compounds, the geometry represented
by the wave direction generates a diffraction pattern that can
be utilized to calculate the unit cell [20, 21].

To effectively handle the waste problem, we must deploy
appropriate processing alternatives, such as controlled
combustion technology or burning in an incinerator. In
addition to using less land, this procedure yields less fly ash
and bottom ash, which can be used to build concrete and
mortar.

Reducing the environmental impact of garbage
accumulation in landfills is a major challenge in solid waste
management worldwide. Using ATPA as a complementary
material in the creation of PCC is one creative way to close
this gap. This particular study provides a solution that lowers
carbon emissions from the cement industry by consuming less
cement clinker and minimizing the amount of trash that ends
up in landfills. As a result, this strategy incorporates
sustainability concepts into the technology of building
materials, offering substantial financial and environmental
advantages.

2. RESEARCH SIGNIFICANCE

The selected studies explore the innovative reuse of
industrial and municipal waste materials in construction
applications. Tang et al. [22] analyze the properties and
potential uses of municipal solid waste incineration (MSWI)
bottom ash, revealing its suitability as a construction material
with minimal environmental risks. Building on this, Sun et al.
[23] develop a modified binder composed of red mud and
MSWI bottom ash, highlighting its promising mechanical and
chemical properties for sustainable construction. Israil et al.
[24] investigate the environmental benefits of replacing
petroleum-based asphalt emulsion with natural asphalt from



Buton Island, demonstrating reduced emissions across various
production scenarios. Meanwhile, Fraay et al. [25] provide a
foundational understanding of fly ash reactivity in concrete,
emphasizing its role in enhancing long-term strength and
durability. Collectively, these studies underscore the potential
of waste-derived materials in promoting sustainability in the
construction industry.

Building upon previous research that explored the reuse of
industrial and municipal waste—such as MSWI bottom ash,
red mud, and natural asphalt—for sustainable construction
applications, this study investigates the potential of landfill ash
(ATPA) as a partial substitute for Portland composite cement
(PCC). Unlike earlier studies that focused on mixed fly ash
and bottom ash for soil stabilization or binder enhancement,
this research exclusively utilizes pure ATPA to produce
mortar and concrete. Both ATPA and PCC are first
characterized through X-ray Diffraction (XRD) to assess their
crystalline compositions. The pyrolysis process is then applied
to mixtures where ATPA replaces PCC at substitution rates of
25%, 50%, and 75%. To ensure consistency in particle size and
material behavior, ATPA is sieved through mesh No.200,
matching the fineness of PCC. This targeted approach aims to
evaluate the standalone effectiveness of ATPA in cementitious
applications while contributing to sustainable material
innovation.

3. MATERIALS AND METHOD
3.1 Clinker preparation

This research can use landfill ash waste (ATPA) and
Portland composite cement (PCC) to partially replace cement
raw materials. Hydraulic cement (also known as
environmentally friendly cement) is made from a variety of
landfill ash waste, including household waste, plastic waste,
industrial waste including aluminium, and steel factory waste
(ferrates). Landfill trash (ATPA), composite Portland cement,
and aluminium-containing landfill waste (ATPA) have
chemical and mineralogical compositions that are extremely
similar to SiOz, Al2Si20s(OH)4, Al:0; and FesOa.
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Figure 2. The raw ingredients’ ternary diagram
In this study, we used limestone, ferrate, industrial

wastewater sludge ash (IWSA), landfill trash (ATPA), and
composite Portland cement (PCC) as raw materials. The oxide
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compositions of several source elements, without loss, are
displayed in Table 1. Figure 2’s ternary diagram shows that
silica, clay, and alumina in raw cement can be substituted with
recycled ATPA, PCC, and ASA. To ascertain the composition
of raw clinker, we utilized a computer model [26].

Table 1. To detect heavy metals, the raw materials are
subjected to chemical examination [26, 27]

IWSA ATPA PCC Ferrate Limestone
Chemical Composition

SiO2(%) 11.20 53.89 62.88 4.09 7.54
Al03(%) 4476 2891 1587 1.85 1.68
Fe:O3(%) 699 731 6.76 39.99 0.88
CaO (%) 187 079 178 4.97 59.89
MgO (%) 079 117 1.08 0.38 1.47
SOs3(%) 418 0.06 104 0.79 0.29
Nazo (%) 159 069 069 0.04 0.32
K20 (%) 038 3.67 149 0.03 0.06
P20s5 (%0) 1.77 ND 7.23 ND ND
Cl—(ppm) 319 278 108 181 ND
LOI (%) 28.01 286 132 57.87 29.17
Cu(mg/kg) 18978 87 1231 - -
Cr(mg/kg) 1189 16 18 - -
Cd (mg/kg) 69 1.09 161 - -
Pb (mg/kg) 4298 359 279 - -
Zn(mg/kg) 6178 101 1065 - -

3.2 Preparation approach

As mentioned previously, three different kinds of eco
cement clinkers were used in this study. Using the previously
described mixtures, we created pastes while maintaining a
water-to-binder ratio of 0.38. Following ASTM-305, we
created test cubes measuring 25.4mm (1 in.), which we then
moulded (ASTM C31-69). The specimens were then
disassembled and cured for three to ninety days at 25°C and
95% humidity in a container. Using ASTM C 39-72, we
assessed the development of compressive strength in three
samples of each type of eco-cement paste at different ages.
Using the Toxicity Characteristic Leaching Procedure (TCLP)
assays, we assessed the specimens’ leachability. To find
hydrates and composition changes, we used X-ray diffraction
(XRD). For additional analysis, we hydrated the crushed and
sieved (#300) samples with acetone in a vacuum for 24 hours
at the designated testing age.

In this investigation, we substituted 25%, 50%, and 75% of
the PCC with ATPA. Table 2 lists the many experiments and
mixture designs conducted in this work prior to using X-ray
fluorescence (XRF) and X-ray diffraction (XRD) to describe
the materials. Figure 3 shows how this study was carried out
step-by-step to produce the findings and recommendations.

The combination material between ATPA and PCC that was
described prior to XRF and XRD testing is depicted physically
in Figure 4. It is evident that the colours of 100% PCC and
100% ATPA differ based on the colour of the material.
Whereas 100% ATPA material has a dark, almost black tint,
100% PCC material is Gray. For 25% ATPA and 75% PCC,
the predominant colour is Gray, but for 75% ATPA and 25%
PCC, the predominant colour is a dark, almost blackish hue.
The combined colour of ATPA and PCC displays a dark hue
when compared to the 50% ATPA and 50% PCC composition.

The binding from the semi-quantitative testing side will
then be demonstrated by these changes. As such, the main
focus of this work is on the processes of characterisation and
binding between the two materials, PCC and ATPA. This



binding process is illustrated by the XRF and XRD test
findings, which identify the dominant elements and
compounds [28-30].

Examining the components of eco-cement, a mixture of
PCC and ATPA, is the aim of this study. When carbonation,
or reacting with carbon dioxide, is used to activate for binding
strength, concrete has effectively shown eco-cement as a
stand-alone binder. Carbonation-curing has gained traction as
a more environmentally friendly way to make concrete in
recent years, but it hasn’t yet seen much commercial
application.

Table 2. Variation and composition of eco-cement

No. Comparison of ATPA and PCC ATPA (gr) PCC (gr)

1 0:100 0 100
2 25:75 25 75
3 50:50 50 50
4 75:25 75 25
5 100:0 100 0
7] |

* XRF test
* Physical properties test
* XRD test

1

Physical properties and
Dominant compound

)

Conclusion and
Recommendation.

Figure 3. Flowchart for this study
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Figure 4. Combination material ATPA and PCC

This could take years to finish. One potential partial
replacement for ordinary Portland cement (OPC) is eco
cement, which is now on the market. The practice of partially
replacing cement with supplemental cementitious materials
(SCM) is somewhat common because of the numerous
advantages provided by commercial additives. This could take
years to finish. One potential partial replacement for ordinary
Portland cement (OPC) is eco cement, which is now on the
market. The practice of partially replacing cement with
supplemental cementitious materials (SCM) is somewhat
common because of the numerous advantages provided by
commercial additives.

This study aims to determine whether using eco-cement is
practical. We adopted a systematic performance-based
methodology to evaluate eco-cement as an SCM in concrete,
which included administering standardized tests and
comparing it to popular commercial SCMs. Additionally, by
measuring the fresh concrete’s compressive strength and doing
durability tests to determine its resistance to frost damage, we
evaluated the efficacy of using eco-cement. Among the
analytical techniques used were heat of hydration calorimetry,
scanning electron microscopy (SEM), quantitative X-ray
diffraction (QXRD), and X-ray fluorescence (XRF).

3.3 X-ray fluorescence (XRF)

A non-destructive method for determining and measuring
element concentrations in solids, powders, and liquids is X-ray
fluorescence spectrometry, or XRF. At trace element levels,
especially those below ppm, XRF can test elements from
uranium to beryllium (Be). Generally speaking, XRF
spectrometers use the fluorescence emissions that samples
emit when subjected to X-rays to determine the wavelength of
certain material components [27]. The XRF method is widely
used by scientists to ascertain a material’s elemental
composition. Due to its speed and lack of sample destruction,
this method is used by the field and industry for material
control. XRF can also be produced by primary excitation
sources such protons, alpha particles, or high-energy electrons,
depending on the application. An illustration of the XRF
apparatus used to separate the components in the PCC and
ATPA combination may be found in Figure 5.

Figure 5. XRF equipment

3.4 X-ray diffraction (XRD)

One technique for describing the size and crystal structure
of a solid substance is X-ray diffraction (XRD). All materials



with specific crystals produce distinct peaks when analysed
using XRD. XRD produces electromagnetic waves with short
wavelengths of around 0.5-2.5 A, which approach the spacing
between crystal atoms and have a high energy. Fire parallel
and monochromatic X-ray beams into the material’s surface,
allowing the crystal’s atoms to absorb energy and scatter the
X-rays in all directions.

Figure 6. XRD tools

By comparing diffraction data to a database made available
by the International Centre for Diffraction Data in the form of
a PDF Powder Diffraction File (PDF), the diffraction method
is frequently used to identify unknown chemicals in solids.
The detector will capture the refracted light and convert it into
a diffraction peak. The more crystal planes there are in the
sample, the higher the refraction intensity. A crystal plane with
a particular orientation along the three-dimensional axis is
represented by each peak in the XRD pattern. We then
compare the peaks generated from this measurement data to
X-ray diffraction standards for nearly all types of materials.

Researchers determine the composition of the generated
chemical compounds by comparing each crystal’s peak area to
the total peak area. Using the XRD graph’s background line as
areference, the abscissa axis (x-axis) displays the peak breadth,
and the ordinate axis (y-axis) displays the peak intensity. This
study’s XRD test attempts to identify the chemical compounds
created during the hydration process in concrete, such as CSH,
CH, ettringite, Friedel’s salt, and other crystals. The XRD
testing apparatus used to identify the main components in the
mixture of PCC and ATPA is depicted in Figure 6.

4. RESULTS AND DISCUSSION
4.1 Physical properties of PCC

To ascertain if it would be feasible to use PCC, ATPA (25%,
50%, 75%, 100%) as one of the eco-cement materials in this
study, this study looked at PCC and ATPA’s features. The
quality of the finished eco-cement is greatly influenced by the
quality of PCC and ATPA. Table 3 shows the physicochemical
characteristics of PCC and ATPA. Table 3 displays the test
results for the physical characteristics of PCC and ATPA
cement. This demonstrates that the eco-cement produced from
PCC and ATPA satisfies the SNI 15-7064-2004 specifications
for the required cement constituents.

There are notable physical parallels between 25%, 50%, 75%

and 100% ATPA and PCC. This indicates that, in terms of
physical properties, eco-cement generated from ATPA can be
utilized as a binder.

The physical characteristics test results of eco-cement (PCC
and ATPA) show something fascinating. Specifically, the
results of the setting time test with the Vicat test indicate
something interesting. The first eco-cement parameters are
132.5, 130.8, 126.7, 123.6, and 115.8 minutes, respectively,
for PCC and 25% ATPA, 50% ATPA, 75% ATPA, and 100%
ATPA. In the same way, the last configuration shows figures
of 198, 179, 168, 156, and 139 minutes. From PCC to 100%
ATPA, eco-cement requires a shorter set time for both the
initial and final settings. The diminishing water content value
is the cause of this. A cementitious material’s setting time is
also influenced by its water concentration [31, 32].

Additionally, there is a correlation between the specific
gravity value of the eco-cement material formed from PCC
and ATPA and the setting times (first and final settings) and
water content values. The specific gravity values are 2.98, 2.65,
2.47, 2.28, 3.13, and 2.98. The density of a material is
indicated by its specific gravity. The material’s low density is
confirmed by the use of ATPA. This is consistent with the
compressive strength measurements taken at 3, 7, and 28 days.
Consequently, ATPA material can be used in combination
with or as a substitute for other types of cement when using
PCC cement, but it cannot be used as a stand-alone binder in
mortar or concrete mixtures. The percentage of ATPA that can
replace PCC cement is examined in this study by an analysis
of semi-quantitative test findings, such as dominant elements
produced by XRF testing and dominant characterizations and
compounds produced by XRD testing [33].

According to studies, fly ash gradually improves the fresh
and hardened properties of concrete, making up for the early-
age strength decline. Pozzolanic solutions cause fly ash to
react slowly; after nearly four weeks, class F fly ash shows
increasing strength. Fresh concrete is made simpler to work
with by fly ash, which covers and lubricates the aggregate
particles. By reducing friction at the aggregate paste interface,
the spherical shape of the fly ash particles creates a ball-
bearing action at the site of aggregate contact. Additionally,
other features of fly ash concrete like as cohesiveness,
pumping characteristics, and surface gloss are greatly
improved by reducing bleeding. The global shift towards
greener energy production will unavoidably result in a notable
reduction in the combustion of coal, which will in turn
diminish the fly ash supply. It is necessary to look into suitable
replacements. One such remedy could be eco-cement.

The primary characteristics of PCC, including as its
compressive strength (at least 32.5MPa for 28 days), setting
time (at least 45 to 375 minutes initially), and volume stability,
are governed by the SNI 7064:2014 standard. The primary
characteristics of PCC, including as its compressive strength
(at least 32.5MPa for 28 days), setting time (at least 45 to 375
minutes initially), and volume stability, are governed by the
SNI 7064:2014 standard. Compressive strength, porosity, and
durability are among the mechanical and chemical
characteristics of cement that are impacted by the addition of
25%-100% ATPA. Pozzolan’s reactivity and resistance to
sulphate can be strengthened when ATPA levels are between
25% and 50%. However, contaminants (such as heavy metals)
might gradually weaken and reduce its durability while it is
between 75% and 100%.

Inadequate quality control of the ash content, such as high
amounts of unburned carbon or heavy metals, may cause the
usage of ATPA in cement to vary from SNI guidelines. These
variations may affect cement’s physical and chemical
characteristics, resulting in problems such an unreasonably



long or short setting time, a reduction in compressive strength,
or an increase in porosity, all of which may weaken the
material’s ability to withstand harsh conditions. From an
industrial standpoint, these variations might restrict the use of
ATPA in environments with significant hazards of chemical

exposure or in high-grade concrete constructions. It is essential
to balance the addition of ATPA with an appropriate mixture
formulation and processing that ensures material stability and
compatibility in order to maintain consistent performance.

Table 3. Characteristics of eco-cement (PCC & ATPA)

ch teristi Results
aracteristics PCC___ 25% ATPA 50% ATPA 75% ATPA 100% ATPA
Water content (%) 115 10.6 119 12.8 13.2
Fineness 382 376 396 428 437
Expansion (% max) 0.76 0.69 0.78 0.89 0.93
Compressive Strength
a. 3 days (kg/cm?) 185 169 156 148 137
b. 7 days (kg/cm?) 263 257 249 228 219
c. 28 days (kg/cm?) 410 387 357 328 317
Setting time (Vicat test)
a. Initial setting, minutes 1325 130.8 126.7 123.6 115.8
b. Final setting, minutes 198 179 168 156 139
Fake tie time
Hydration temperature 7 days, cal/gr 65 60 54 48 40
Normal consistency (%) 25.15 23.14 21.78 20.67 19.89
Specific gravity 3.13 2.98 2.65 247 2.28

4.2 X-Ray fluoresence (XRF) analysis

Table 4. Chemical properties of eco-cement (PCC & ATPA)

Results (%)

Chemical

al 5%  50%  75%  100%
Characteristics PCC ATPA ATPA ATPA ATPA
MgO (Magnesium
Oxice) 099 095 090 08 076
SOs (Sulfur
Triovide) 181 179 168 153  1.48
Si0:(Silica 1549 1828 1817 1780  17.67
Oxide)
AlOs (Aluminum g 15 595 507 479 428
Oxide)
FeOs(ron () 59, 310 297 289 277
Oxide)
Ca0 (Calcium ¢ 29 5068 5038  49.76 4864
Oxide)
LOT(Lossof 61 459 442 399 379
Ignition)

One analytical method that can be used to rapidly ascertain
the elemental composition of a substance or sample is X-ray
fluorescence, or XRF. The interaction of X-rays with the
substance or sample is the foundation of the element
determination principle. The material or sample to be tested

may be lumps or powder with a minimum weight of two grams.

The findings of XRF testing on eco-cement materials
composed of PCC and 25%, 50%, 75%, and 100% ATPA are
displayed in Table 4. We employ the SNI and ASTM-
established procedures for conducting XRF testing. The
components present in the eco-cement material are identified
through characterisation using the XRF technique. This test is
the first of a more involved characterisation procedure that
involves XRD (X-ray diffraction) testing to determine the
main chemicals present in the eco-cement material. Thus, the
XREF testing technique can serve as the foundation for material
characterization.

The predominant constituents of PCC cement are calcium

(Ca0) and silica (Si0:), which account for 61.79% and 18.39%

of its chemical composition, respectively. MgO, SOs, Alz0s,
Fe:0s, and LOI (loss of ignition) comprise 0.99%, 1.81%,

5.15%, 3.14%, and 4.61% of the components, respectively.

The content of silica (SiO,) and calcium (CaQO) in eco-
cement material containing 25% ATPA is 18.28% and 50.68%,
respectively. Other elements include LOI (loss of ignition),
MgO, SOs, AlLO3, Fe03, and their respective percentages are
0.95%, 1.79%, 5.13%, 3.10%, and 4.59%. CaO and SiO:
account for 50.38% and 18.17% of the combined material at
50% ATPA, respectively. Other components include LOI (loss
of ignition), MgO, SO3, ALOs, Fe;03, and 0.90%, 1.68%,
5.07%, 2.97%, and 4.42%, in that order.

In contrast to eco-cement material that contains 75% ATPA,
the SiO, and CaO contents are 17.80% and 49.76%,
respectively. For other elements such as MgO, SOs, ALOs,
Fe20s, and LOI (loss of ignition), they are, respectively, 0.87%,
1.53%, 4.79%, 2.89%, and 3.99%. The contents of CaO and
SiO; in 100% ATPA are 48.64% and 17.67%, respectively.
The minor element percentages for MgO, SOs, Al20s, Fe20s,
and LOI (loss of ignition) are 0.76%, 1.48%, 4.28%, 2.77%,
and 3.79%, respectively.

Table 5. Dominant element of eco-cement (ATPA/PCC)

Dominant . 25%  50%  75%  100%
Elements ATPA ATPA ATPA ATPA
Ca0 (Calcium 545 g1 080 0.78
Oxide)
SiG2(Silica 1 99 0og 096 0.96
Oxide)
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Table 5 compares the dominant elements of PCC, the basic
eco-cement material, with those of ATPA-based eco-cement
material. CaO and SiO; are the two major elements, and their
ratios range from 0.78 to 0.99. This is consistent with the eco-
cement material’s physical characteristics. Consequently, eco-
cement material derived from ATPA can be used in lieu of
eco-cement derived from PCC in an indirect manner. To
bolster our arguments, this research can do XRD testing.

According to the results of the XRF test, eco-cement is a
type of cement that is more environmentally friendly than
ordinary cement because it contains reactive magnesia (also
called caustic calcined magnesia or magnesium oxide, MgO),
other hydraulic cement, like Portland cement, and possibly



pozzolans and industrial wastes. The infrequent mining of the
raw ingredient, magnesite, is one problem impeding the
commercialization of this cement, in addition to the
conservatism of the building industry.

4.3 Characterization of the eco-cement clinkers

Every one of the five types of eco-cement was investigated
in this study. The results of the XRF analysis are shown in
Table 4. The eco-cement clinkers’ primary ingredients were
Si0z, CaO, and Al;Os. XRD testing was utilized in this study
to characterize different kinds of eco-cement. Finding the
dominating compound between the 26 angle and intensity was
the aim of the XRD tests. The findings of the characterisation
test of eco-cement composed of PCC and ATPA (25%, 50%,
75%, and 100%), derived from the XRD test results, are
displayed in Figure 7.

The eco-cement composed of PCC and 25%, 50%, 75%,
and 100% ATPA is depicted in Figure 7. It illustrates the
relationship between angle 2 and each material’s intensity.
Tricalcium silicate (CsS), the main element that controls the
cement’s early strength, is included in all eco-cement
formulations. Dicalcium silicate (C,S) is an additional
chemical that contributes to cement’s ultimate strength.
Calcium oxide (Ca0), which predominantly comes from the
CaCOs in limestone, is present in all eco-cement products.
Tetracalcium Aluminoferrite (CsAF), which essentially has no
impact on cement strength, is another ingredient included in
eco-cement compositions [33].

Compounds usually found in PCC cement material are also
present in eco-cement material. Variations arise due to the
intensity level of each chemical. The degree of intensity in the
current XRD is theoretically correlated with the hardness of
the material and the degree of crystallization. The strong and
non-amorphous substance is indicated by a high degree of
crystallization or intensity.

Eco-cement PCC, 25% ATPA, 50% ATPA, 75% ATPA,
and 100% ATPA materials had C3S compound intensity levels
of 1400 a.u., 900 a.u., 850 a.u., 800 a.u., and 650 a.u., in that
order. The C3S component was present in 83.5%, 78.7%,
75.4%, 68.9%, and 58.8% of each eco-cement material. This
is due to the fact that the hydration process happens fast in
addition to being highly concentrated. C3S’s expansion is
bigger than C4AF’s, but it’s smaller than C3A’s. After C3A,
C3S produces the second-largest heat of hydration.

Each eco-cement material has intensity levels of 670 a.u.,
486 a.u., 437 a.u., 379 a.u., and 300 a.u. in contrast to the C,S
compound. For every eco-cement material, the corresponding
proportion of C,S read is 76.5%, 72.6%, 65.9%, 59.4%, and
55.67%. Only 28 days after binding does the sluggish strength
development caused by C2S’s slow hydration reaction become
apparent. Like CsS, C,S has no appreciable impact on cement
expansion. Its hydration heat is the lowest in relation to other
components.

The CaO compound exhibits an intensity level of 737 a.u.,
712 a.u., 689 a.u., 659 a.u., and 587 a.u., which are 69.7%,
67.5%, 59.8%, 54.5%, and 49.5%, respectively, in each of the
eco-cement materials: PCC, 25% ATPA, 50% ATPA, 75%
ATPA, and 100% ATPA. Because it is the largest component
and combines with silicate, aluminate, and iron compounds to
generate potential compounds that comprise cement
compounds, calcium oxide (CaO) is the most significant oxide
in the cement process. Free CaO (free lime) is the term for the
phenomena wherein CaO in limestone usually forms
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Figure 7. The eco-cement’s XRD patterns

Figure 8. Chemicals and oxides of the eco-cement

With an intensity level of 438 a.u., 429 a.u., 396 a.u., 298
a.u., and 258 a.u., each eco-cement material formed from PCC
(or 25% ATPA), 50% ATPA, 75% ATPA, and 100% ATPA
is composed of 58.6%, 57.4%, 48.6%, 39.8%, and 37.6%
ATPA, respectively. C4AF hardly affects cement strength at
all. The heat of hydration produced by C4AF is rather low, at
about 420 joules per gram. One element that affects cement
colour is C4AF. One can compute the C4AF value.

CAAF =3.043x Fe,O, (1)

The types of chemicals and oxides included in cement
particles are depicted in Figure 8. The XRF and XRD test
results obtained from the characterization approach show that
ATPA-based eco-cement material can be used as a practical
substitute for PCC cement. As such, we can use the results of
this semi-quantitative test as a basis for using eco-cement
material. But first, we need to evaluate the concretes or
mortar’s mechanical properties, particularly by assessing its
compressive strength [33].



5. CONCLUSIONS

This study is one of a series that aims to show whether eco-
cement, which is produced from ash from burning landfill
waste (ATPA), may be used in place of or in addition to PCC
cement. As a result, the study’s conclusions are as follows:

1) TItis evident from the testing findings that the physical
qualities of eco-cement derived from ATPA are like
those of PCC cement, albeit to a lesser extent.
Additionally, the XRF and XRD tests demonstrate that
the chemical properties of the ATPA-based eco-
cement are like those of PCC cement.

Even after all the testing, more investigation is
required to verify whether ATPA-manufactured eco-
cement may replace PCC cement to some extent. This
research plan to carry out additional study by mixing
eco-cement material with mortar or concrete.

It is anticipated that this research will be ecologically
conscious and able to assist in the development of
green technologies and waste-based national
infrastructure.

2)

3)

4)
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