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clinker in the manufacturing process helps in the fight against climate change by reducing
the quantity of carbon dioxide discharged into the atmosphere.
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I. INTRODUCTION

Today, recycling materials is highly recommended in the logic of sustainable development. The typical Portland cement used in
the building sector releases a significant amount of greenhouse gases and uses a number of natural resources [1]. Significant amounts of
carbon dioxide are released into the atmosphere during the manufacturing of clinker as a result of the rise in cement usage. Nonetheless,
CO, emissions can be decreased by substituting some pozzolanic materials for some of the cement [2]. Additionally, this replacement can
increase strength and durability over the long run as well as in the short term [3]. Dredged sediments from dams have been the subject of
several recent studies that have investigated the value of these materials in a variety of domains, such as durability [4], mechanics [5],
and physicochemical characterization [6]. These studies show that these sediments have the potential to be used as raw materials in civil
engineering, especially if they are used to replace cement partially [4], [5], [7]. Dredged sediments can be used as secondary raw materials
in many different areas of civil engineering, such as foundation layering for roads [8], producing bricks for construction [9], and using
them as substitute materials for some of the cement or sand in concrete [8]. In order to explore the potential for monetizing these sediments,
[10] conducted an industrialization model based on a life cycle assessment. According to [7], the thermal treatment of sediments might
make them more reactive, which makes it possible to employ them in the manufacturing of clinker.
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In order to show that the addition of sediments decreased mortar shrinkage, [11] examined the hydration and shrinkage of cement
pastes containing 20%, 30%, and 40% dredged sediments calcined at 865°C. It was also determined that the calcined sediments (from the
harbour of Antwerp, Belgium) exhibited pozzolanic reactivity at temperatures of 820°C, 865°C, and 905°C [12]. Cement can also be
substituted with limestone fillers at a rate of 15-20% [13]. They react with water when powdered finely to generate calcium silicate
hydrate, which strengthens and extends the life of concrete [14]. Ternary cement, which is frequently used to lower the clinker content,
is made up of calcined clay, clinker, and limestone filler [14]. When compared to regular Portland cement, this mixture also enhances
workability and strength [15]. Limestone fillers are inexpensive resources that are readily available in considerable quantities locally [15].
For many years, they have been effectively substituted for some of the Portland cement in concrete [14]. It is commonly acknowledged
that concrete that has these fillers in it is a strong structural material. However, the design of durable concrete is challenged by the
restricted availability of these additives [16]. In order to produce concrete that is more durable and emits less CO,, the construction
industry frequently substitutes these ingredients for cement. According to recent research, calcined clay and limestone combined may
raise clinker replacement levels by as much as 50% [17]. Calcium hydroxide (CH) and these siliceous and aluminous minerals interact
chemically [14].

Il. MATERIALS AND METHODS

11.1. MATERIALS
11.1.1 Cement

Following the recommendations of the European standard EN 197-1 (2012), Portland cement CEMI 42.5 N from the Saida cement
plant in western Algeria, was utilized for this investigation [18]. Tables 1 and 2 provide the chemical compositions of cement and the
mineralogical compositions of clinker.

Table 1: Chemical composition of used cement and mineral additions (%).
Elements SiOz A|203 F6203 Cao MgO 303 Na,O K20 P.F
Content % 19.72 5.09 3.18 | 63.03 | 1.08 | 2.32 | 0.05 0.98 3.8
Source: Authors, (2026).

Table 2: Mineralogical composition of clinker [%].
Elements CsS C,S CsA C4AF
Content % 56.71 12.24 7.37 8.86

Source: Authors, (2026).

Table 3: Summary table of the physical characteristics of the cement used.

Characteristics Values
Absolute density of cement (g/cm?) 3.13
Fineness according to Blaine's method (cm?/g) 3685

Source: Authors, (2026).
11.1.2 Calcined Sediments

The calcined sediments used in this study were dredged from the Chorfa Il dam in western Algeria. The sediments meant to be
used in the formulation of mortar were first dried at 40°C in an oven, and then they were crushed and sieved to an 80 um granulometry
[19]. After that, they underwent calcination. The temperature was raised by 5 °C every minute until it reached 750°C, which was held for
5 hours in order to prevent thermal shocks [9], [20], [21]. Calcined sediments, the finished product, was carefully kept out of the air and
moisture in a dry atmosphere [22-24] (figure 1). Tables 4 and 5 provide the chemical compositions and mineralogical characteristics of
the calcined sediments.

Natural sediments Calcined Sediments

Sifted sediments

Crushed sediments

Figure 1: The calcined sediments appearance both before and after calcination.
Source: Authors, (2026).
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Tables 4: The chemical characteristics of the sediment before and after calcination.

Composition of oxides Raw sediments Calcined sediments
SiO; 40.04 48.52
A20; 10.58 11.78
Fe20; 4.40 4.48
CaO 20.11 21.36
MgO 1.93 2.45
SO3 0.30 0.40
K>O 0.92 1.32
Na,O 0.25 0.69
CL 0.06 0.08
PF 23.08 3.80
CaCO3 / /

Table 5: Physical characterization of materials.

Source: [25].

Settings Raw sediments Calcined sediments
Absolute density 2.44 2.62
Fineness according to Blaine's method (cm*/g) 3658 6095

Source: [25].

The original sediments XRD mineral analysis revealed the presence of quartz, kaolinite, calcite, and dolomite peaks. The
calcination of kaolinite into metakaolin makes the silica and aluminium potentially reactive with pozzolanic activity. According to [26],
quartz, calcite, feldspar, and clay minerals, particularly kaolinite and illite, are the main mineral phases of the original sediments [27],
[28]. Figures 2a and 2b represent the XRD and SEM analysis carried out on raw and calcined sediments.
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Figure 2b: SEM analysis of calcined sediment.
Source: Authors, (2026).

Figure 2a: Raw and Calcined Sediment XRD.
Source: Authors, (2026).

Observation imaging with scanning electron microscopy (SEM) revealed that the sediment contained irregular particles of varying
sizes, which demonstrated that spherical particles of pure kaolin, making up about 20% of the final product, have diameters ranging from
10 pm to 20 pm. Similarly, [29] showed that rapidly calcined sediments contain submicron agglomerates of kaolin particles.

11.1.3 Limestone Fillers

The limestone fillers from the Antar quarry in Mecheria, along with the physical characteristics of these limestone fillers, are
presented in Tables 6a and 6b and Observation imaging with scanning electron microscopy (SEM) (figure 3a and 3b).

Table 6a: Chemical characterization of materials.

Composition of oxides Limestone Filler
SiO2 3.54
AR20O3 1.47
Fe20s3 0.64
CaO 44.82
MgO 6.51
SOs 0.03
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K20 0.27
Na;O /
CL 0.01
PF /
CaCo3 108.37

Source: [25].

Table 6b: physical characterization of materials.

Settings Limestone Filler
Absolute density (g/cm®) 2.52
Fineness according to Blaine's method (cm?/g) 2994

Source: [25].
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Figure 3a: SEM analysis of limestone fillers. Figure 3b: limestone fillers XRD.
Source: Authors, (2026). Source: Authors, (2026).

Figure 3a displays the X-ray diffraction (XRD) pattern of a calcium carbonate (CaCOs) sample, while Figure 3b shows particles
exhibiting irregular shapes with angular edges. Such morphology is characteristic of limestone fillers obtained through mechanical
grinding.

11.1.4 Admixture

During our study, we used a water-reducing plasticizer adjuvant, PLASTIMENT BV40, for mortar formulations based on additives
(sediment, perlite, and limestone filler). It has a density of 1.180 g/cm3 £ 0.025 and a dry extract percentage of 38.5% + 1.9%.

11.2 METHODS
11.2.1 Formulations of Pastes and Mortars Used

Various mortar compositions were developed by combining CEM | 42,5 N cement with calcined sediments. Following the
approach of Hadj Sadok's previous work, a 15% sediment proportion was adopted to determine the optimal sediment concentration for
achieving the highest performance [20]. To evaluate the flexural and compressive strength of the mortars, prism samples measuring
4 x 4 x 16 cm were prepared. Five fresh mortar formulations were created using CEM 1 42.5 N according to NF EN 196-1 (2016) [30].
The W/B ratio (0.5), along with the proportions of calcined sediments and limestone filler, are detailed in Table 7.

Table 7: Formulations of mortar.

Mortars Sand | Water | BV 40 | W/binder
Binders
CEM142,5| SD LF

MT 450 0 0 1350 225 0 0.5
M15S 382,5 67.5 0 1350 | 223.09 | 1091 0.5
MSS5L 360 67.5 | 22.5 | 1350 | 223.56 1.44 0.5
MS15L 315 67.5| 67.5 | 1350 | 223.3 1.70 0.5
MS25L 270 67.5 | 112.5 | 1350 | 223.11 1.89 0.5

Source: Authors, (2026).
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11.2.2 Fresh State Characterization Tests
11.2.2.1 Initial Setting Time and Final Setting Time of Pastes

Consistency and setting time tests on standardized pastes are conducted to determine the so-called "normal” consistency using a
Vicat apparatus equipped with a probe, as per the NF EN 196-3 (2017) standard. Setting times are measured with a setting meter in
accordance with the same standard, NF EN 196-3 [31]. The setting time test was carried out using the setting time measurement device
(figure 4).

Figure 4: Setting time measurement device.
Source: Authors, (2026).

11.2.3 Physical Properties
11.2.3.1 Water-Accessible Porosity

This test aims to determine the percentage of voids within the mortar mass that are connected to the surface in accordance with
standard NF P 18-459 [32]. The porosity of prismatic specimens with dimensions of 4x4x16 cm3 was measured after 28 days of curing.
The water-accessible porosity € is expressed as a percentage of the total volume.

111.2.3.2 Capillary Absorption

The test was conducted on prismatic mortar samples (4x4x16 cm3) that were preconditioned for 28 days according to the
recommendations of the AFREM AFPC, 97 procedures [33]. After this preconditioning, the capillary absorption test was carried out. The
specimens were immersed in water contained in a vessel to a maximum height of 5 mm, using spacers. At each stage, the samples were
removed from the vessel, wiped with a damp sponge, weighed, and then placed back into the vessel.

11.2.4 Hardened State
11.2.4.1 Compressive Strength of Mortars

The compressive strength of mortars, determined through the thirty-point flexion test and in accordance with EN 196-1 [30], is a
fundamental parameter of this study. The compressive strength was measured after various hardening periods (2 days, 7 days, 28 days,
56 days, 90 days, and 180 days). The study included one test mortar (TM) with 100% cement (C100% + SD0%) and four mortars with
partial replacements using calcined sediments and limestone fillers: M15S (C85% + SD15%), MS5L (C80% + SD15% + LF5%), MS15L
(C70% + SD15% + LF15%), and MS25L (C60% + SD15% + LF25%). The dosage of the BV40 water-reducing plasticizer varied from
0% to 4.05%. The three-point bending test and the measurement of compressive strength were conducted using the mortar compression
device (figure 5).

Source: Authors, (2026).
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I11. RESULTS AND DISCUSSIONS
1.1 FRESH STATE (PASTES, MORTARYS)

The results of the initial and final setting times of the different cement pastes are presented in Table 8 and illustrated in Figure 6.

Table 8: initial and final setting times of the different cement pastes.

Pastes Type Initial setting time (min) Final setting time (min)
CP 173 231
P15S 265 304
PSSL 328 412
PS15L 325 396
PS25L 230 281

Source: Authors, (2026).
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Figure 6: Initial and final setting times of the different cement pastes.
Source: Authors, (2026).

Figure 6 illustrates the inverse relationship between setting time and additive content in various cement pastes, regardless of the
presence of additives. The increased reactivity of calcined clays may explain why mixtures with higher replacement levels exhibit faster
setting times. The structure and fineness of calcined clay necessitate more water for limestone-calcined clay blends to achieve the same
flow as OPC. However, the limestone particles can partially offset the additional water demand. The authors concluded that incorporating
limestone and calcined clay as partial substitutes for OPC in cement paste can potentially enhance the setting time and other properties
of the resulting mixture. [34] These observations are consistent with the findings of studies conducted by [35], [36].

111.2 HARDENED STATE
I11.2.1 Compressive Strength (2, 7, 28, 90, and 180 Days)

Figure 7 illustrates the compressive strength of concrete in MPa over time. During this period, the intensity of the MS5L mortar
surpassed that of the reference mortar (CM), with a strength of 46,28 MPa recorded on the 28th day. The MS15L and MS25L mortars
exhibited lower intensity compared to the reference mortar. This difference is attributed to the pozzolanic reaction of the calcined sediment
and limestone filler, which contributes to strength development. These results are consistent with those in the literature [13], [37]. After
7 days [38] concluded that the partial replacement of cement with calcined sediment and limestone filler improves compressive strength
compared to a reference mix. The authors explain that this increase is due to the reaction of portlandite with the calcined sediment and
limestone filler, leading to microstructural densification and a reduction in pore connectivity [39].

Compressive strengths of mortars  MPA

™ MI1SS MSSL MS151 MS251

The different mortars

Figure 7: Compressive Strength (2,7, 28, 90, and 180 Days).
Source: Authors, (2026).

Page 1773



ITEGAM-JETIA, Manaus, v.12 n.59, p.1768-1777, May/June, 2026.

111.2.2 Flexural Resistance of Mortar

Figure 8 demonstrates the impact of incorporating limestone filler and calcined sediments on the flexural strength development of
the mortar samples. It is obvious that the flexural tensile strength of all the mortars consistently increases over time, with no observed
decrease in strength.

2d

7d

N 284

| 86d
90d
180d

Tensile strengths of mortars  MPA

MIAS MSS1 MSI15L ME251

The different mortars

Figure 8: Flexural resistance (2,7, 28, 90, and 180 Days).
Source: Authors, (2026).

111.3 CAPILLARY ABSORPTION

The capillary absorption of mortars MT, M15S, and MS15L ulstered in the figure 9, along with their absorption kinetics, varies
over periods ranging from 2 to 168 hours. During the initial phase of 2 to 8 hours, a slight increase in capillary absorption and absorption
kinetics is observed. Notably, the reference mortar (MT) shows higher capillary absorption than the other mortars at 4, 8, 24, and 168
hours, which can be attributed to its high porosity and insufficient adhesion between the cement paste. When comparing the capillary
absorption coefficients of mortar M15S with those of the reference mortar, it is evident that M15S exhibits lower values. The results show
that capillary absorption gradually increases over time for both mortars. The MS15L mortar, on the other hand, demonstrates a significant
reduction in absorption rate, reaching a level similar to that of the reference mortar after 168 hours. This decrease is attributed to the
addition of calcined sediments and limestone fillers, which contribute to the densification of the interfacial transition zone. These results
are consistent with recent studies by [40], [37].

Water Absorption

] O
’ I m158
[ MS15L

Water absorption (kg/m2)

025 05 1 2 4 8 24 168

Time (hour)

Figure 9: The capillary absorption of mortars.
Source: Authors, (2026).

111.4 ACCESSIBLE WATER POROSITY

After 28 days of dry curing, Figure 10 presents the porosity results obtained for the selected mortars. The M15S mortar exhibited
lower porosity compared to the reference mortar. Additionally, the incorporation of calcined sediments and limestone (MS15L) as a
partial replacement for Portland cement led to a 5.58% reduction in water-accessible porosity after 28 days, compared to the reference
mortar. These results are consistent with the findings of [41]. Analyzing the results of the studied mortars, it can be concluded that mortars
containing ternary mineral additives show a decrease in water-accessible porosity compared to the reference mortar. Furthermore, the
presence of pozzolanic or hydraulic additives contributes to a long-term reduction in porosity.

Page 1774



ITEGAM-JETIA, Manaus, v.12 n.59, p.1768-1777, May/June, 2026.

8F I Porosity (%)

Porosity (%)

™ MI5S MSI15L

Mortar

Figure 10: Accessible water porosities.
Source: Authors, (2026).

IV. CONCLUSIONS

The objective of this study is to evaluate the effectiveness of using calcined sediments and limestone fillers as substitutes for
cement in mortars. Various tests were conducted on fresh and hardened samples, with a focus on durability. The main conclusions of the
experiments are as follows:

- A potential solution to address the siltation of dams is to replace cement with fine materials such as calcined sediments and
limestone fillers.

- X-ray diffraction (XRD) analysis highlights the importance of thermal treatment of sediments, as it transforms kaolinite into
metakaolinite, promoting the desired pozzolanic behavior.

- The incorporation of limestone fillers in mortar formulations has shown a positive impact on compressive strength.

- Over a 180-day, the compressive strength of different types of mortars, composed of calcined sediments and limestone fillers,
showed a consistent increase.

- The reuse of sediments from the Chorfa Il dam effectively reduces greenhouse gas emissions and natural resource consumption.

- The dredged sediment and limestone filler have demonstrated good short-term durability.

The reduced carbon footprint of calcined sediments and limestone is one of their key environmental benefits. When compared to
the conventional cement production process, the synthesis of these materials can cut carbon emissions by as much as 40%, as shown by
Malacarne et al. [42].

- The incorporation of calcined sediments and limestone fillers as alternatives to conventional clinker in the manufacturing process
allows for this reduction.

- Calcined sediments and limestone filler have a lower carbon intensity than clinker, this helps in the fight against climate change
by reducing the quantity of carbon dioxide discharged into the atmosphere.

PERSPECTIVES

More investigation is required to assess the long-term durability and resistance of mortar or concrete containing cementitious
materials, such as calcined sediments and limestone filler, to environmental factors like chemical attacks, alkali-silica reactions, and
freeze-thaw cycles. Full life cycle studies comparing cement with additives, like calcined sediments and limestone fillers, to traditional
cement are necessary to obtain a more precise understanding of the environmental benefits of cement during the construction process.
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