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Introduction

Concrete, a cornerstone of construction, typically combines cement, sand, 
gravel, and water. Researchers have explored incorporating waste materials to 
enhance their properties or eco-friendliness (Krikar et al., 2018; Largeau et al., 
2018). Waste materials, often discarded as useless or obsolete (Harrison, Ed., 
2023), can provide multiple advantages when incorporated into concrete. Utilizing 
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these materials can reduce waste disposal, decrease the demand for traditional 
raw materials, and create more sustainable building solutions (Miah et al., 2021). 
Recent research has highlighted the potential benefits of integrating waste materials 
into mortar and concrete mixtures. Recycled construction and demolition waste, 
such as bricks and road debris, has been examined as a viable and economical 
alternative to traditional aggregates and cement, thereby reducing environmental 
impact (Belebchouche et al., 2024). Moreover, waste paper and plastic waste 
have been successfully utilized to improve the mechanical properties of mortars, 
particularly in applications like wall plastering (Harabi et al., 2024). Incorporating 
steel and aluminum fibers has been shown to enhance the strength and durability 
of concrete, mitigating the propagation of cracks and microcracks (Khouadjia 
et al., 2023). Finally, the addition of glass waste has been observed to positively 
influence mortars’ compressive and flexural strength (Małek et al., 2021).

The global metal powder industry generates over 700,000 tons of iron-based 
waste annually, presenting a substantial opportunity for valorization in sustainable 
construction materials (Khouadjia et al., 2025). Among these underutilized 
industrial by-products, waste iron powder (IP) resembles fine cement in particle 
size and characteristics, making it a promising candidate for partial replacement 
in mortars and concrete (Giovanni et al., 2024). Instead of discarding this 
waste, which contributes to metal loss and environmental pollution, its inherent 
mechanical properties can be leveraged for construction applications, promoting 
ecological sustainability (Thakur et al., 2019; Fahad & Jassim, 2020).

Numerous studies have explored the potential of incorporating IP waste 
as a substitute for either cement or aggregates. For instance, research has shown 
that including waste materials can lead to significant benefits. In a relevant 
study, incorporating 20% waste industrial tire powder (WITP) into mortar 
mixtures resulted in a 20% reduction in cement consumption and a corresponding 
19.98% decrease in overall economic cost (Cui et al., 2022). This demonstrates 
the broader economic and environmental advantages of using industrial 
construction by-products.

Other studies have investigated the use of recycled IP as a partial replacement 
for sand and cement. These studies have yielded mixed results. While some 
research (Largeau et al., 2018; Cui et al., 2022) observed a decrease in flowability 
and an increase in dry density with increasing IP content. Researchers Fahad 
and Jassim (2019), Lu et al. (2020), Miah et al. (2020), and Miah et al. (2021) 
reported improvements in dry density, porosity, and water absorption. Research 
conducted by Largeau et al. (2018) revealed that partial substitution of portland 
cement with industrial by-products (IP) at varying levels (1.5%, 2.5%, 3.5%, 
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and 5% by weight) resulted in a decline in workability and a substantial 
decrease in porosity. Notably, 21.88% and 26.77% porosity reductions were 
observed at replacement levels of 1.5% and 2.5%, respectively. Furthermore, 
Dias et al. (2020) observed a more homogeneous behavior in mixtures incorporating 
IP and concerning the effect of IP on mechanical properties. Largeau et al. (2018) 
reported improved compressive and tensile strengths of concrete with up to 5% 
iron powder replacement, with optimal values observed at 2.5% and 1.5%, 
respectively. Similarly, Lu et al. (2020) found that the incorporation of iron powder 
led to an increase in tensile bond strength, compressive strength, and flexural 
strength. Furthermore, Miah et al. (2021) investigated the use of waste iron 
powder (WIP) as a partial replacement for fine aggregates, observing significant 
enhancements in the compressive, tensile, and flexural strengths of mortar up 
to a 7.5% replacement level. These findings align with Dias et al. (2020) and Kong 
et al. (2023), who reported increases in 28-day compressive strength of up to 13.2% 
and improvements in both axial compression and tensile strength of 13.83% 
and 14.34%, respectively, when IP was incorporated into concrete. However, other 
research has found that recycling iron powder (IP) decreased compressive strength 
significantly with increasing IP percentage, particularly at higher curing ages (Tayeh 
& Al Saffar, 2018; Giovanni et al., 2024). The results indicated a general trend 
of reduced compressive strength with increasing iron powder content compared to 
control concrete (Belebchouche et al., 2024). The optimal replacement percentage 
was determined to be 12%, which yielded the highest compressive and flexural 
strength in the shortest curing time. Increasing the iron waste content beyond 12% 
led to a decrease in concrete strength (Krikar et al., 2018). Studies have shown 
that the addition of IP can enhance certain aspects of concrete performance. 
For instance, the nucleation and pozzolanic effects of waste iron powder (WIP) 
have been observed. It has been observed that WIP promotes cement hydration, 
leading to improved durability (Cui et al., 2022). However, concerns have also 
been raised regarding dimensional stability, with shrinkage and expansion 
observed in mortars containing IP, particularly at higher replacement percentages 
(exceeding 5%) (Miah et al., 2020). Furthermore, research suggests that IP can 
act as a barrier, hindering the access of chloride ions to steel reinforcement, 
thereby mitigating the risk of corrosion (Largeau, 2018; Largeau et al., 2018). 
This research investigates the potential of IP as a viable alternative to cement 
in mortar formulations. The study primarily focuses on evaluating the influence 
of IP incorporation on both the fresh and hardened state properties of mortar. 
In the fresh state, this encompasses an assessment of flow time, consistency, setting 
time, air content, and density, while hardened state properties under investigation 
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include compressive and flexural strengths. This research offers significant practical 
implications by providing a viable and sustainable pathway for utilizing industrial 
waste, reducing landfill burden, conserving natural resources, and developing 
greener, high-performance construction materials, thereby contributing valuable 
insights into the feasibility and substantial benefits of incorporating iron powder 
as a sustainable construction material.

Materials

Cement components

Cement. This study employed commercial portland cement (CEM I) 
with a 42.5 MPa strength class, sourced from the SPA Biskra cement factory. 
The cement’s quality adheres to the requirements of standard NF EN 197-1 
(AFNOR, 2012a). The chemical and mineralogical compositions of the cement are 
presented in Table 1. The potential mineralogical composition was subsequently 
calculated using the empirical formula of Bogue (1947). 

TABLE 1. Chemical and physical characteristics of portland cement CEM I/42.5R

Specification Chemical composition

Content [%]
SiO2 Al2O3 Fe2O3 CaO MgO K2O TiO2 Na2O
20.14 5.53 3.54 61.60 0.19 0.03 0.008 0.06

Mineralogical composition

Content [%]
C3S C2S C3A C4AF

55.43 15.53 8.67 10.76
Physical properties

Specific density [kg·m−3] 3 100.0
Fineness [cm2·g−1] 3 500.0
Initial setting time [min] 170.0
Final setting time [min] 255.0

Source: own work.

Water. The tap water used in this study was obtained from the Genie Civil 
Laboratory at the University of Constantine 1. The water temperature was maintained 
at 20 ±2°C. Water quality met the requirements of the NF EN 206+A2/CN standard 
(Association Française de Normalisation [AFNOR], 2022a).

Sand. Crushed sand (0/5 mm) obtained from the National Company 
of Aggregates in Constantine was used in this study. Table 2 presents 
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the chemical and physical properties of the crushed sand. All physical property 
measurements adhered to the following standards: NF EN 933-1 (AFNOR, 2012c), 
NF EN 933-8+A1 (AFNOR, 2015), and NF EN 1097-7 (AFNOR, 2022b). Figure 1 
illustrates the grading curves of the different sands.

TABLE 2. Chemical properties of crushed sands

Specification Chemical composition

Content [%]
SiO2 Al2O3 Fe2O3 CaO MgO K2O TiO2 Na2O
0.05 0.03 0.02 56.03 0.19 0.03 0.008 0.06

Physical properties
Specific density [kg·m−3] 2,750.0 
Apparent density [kg·m−3] 1,460.0
Fineness [cm2·g−1] 3,700.0 
Sand equivalent [%] 69.0
Absorption coefficient [%] 1.1

Source: own work.
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FIGURE 1. Grading curves of crushed sand
Source: own work.

Iron powder. This material was procured from Algerian Qatari Steel (AQS). 
This IP largely originates from industrial by-products, notably fine dust from 
iron and steel machining and fabrication, as well as sludges from furnaces and air 
pollution control systems. We employed scanning electron microscopy (SEM) for 
morphological analysis, energy dispersive X-ray spectroscopy (EDS) for elemental 
composition, and X-ray diffraction (XRD) for phase identification and crystallinity. 
As previously documented in NF EN 1097-7 (AFNOR, 2022b), EDS analysis (Fig. 2) 
of the IP confirmed a high iron content, along with trace elements such as O, Ca, Si, 
Mg, Na, Al, K, and S. On the other hand, the XRD pattern (Fig. 3) identified iron 
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oxides, specifically Fe2O3 and FeO. Although some iron-rich materials can exhibit 
pozzolanic activity, the absence of crystalline silica or alumina phases in the pattern 
suggests limited pozzolanic reactivity in this material. The iron particles, observed 
in Figure 4, display irregular shapes and some agglomeration. This structure can 
impact air entrainment, water absorption, and compressive strength. 

TABLE 3. Chemical and physical properties of iron powder

Specification Chemical properties

Content [%]
SiO2 Al2O3 Fe2O3 CaO MgO K2O FeO P2O5

4.80 1.13 64.75 0.85 0.07 – 1.00 0.05

Physical properties

Specific density [kg·m−3] 2,250.0 
Apparent density [kg·m−3] 1,220.0 

Source: own work.

FIGURE 2. EDS spectrum of iron powder
Source: own work.

FIGURE 3. XRD patterns of iron powder
Source: own work.
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FIGURE 4. SEM image of iron powder
Source: own work.

Mix proportions 

A reference mortar mixture was prepared, comprising 75% sand and 25% cement 
with a water-to-cement (W/C) ratio of 0.5. To systematically assess the effects 
of iron powder on mortar properties, the sand content of the reference mixture was 
progressively replaced with varying percentages of iron powder. Six distinct iron 
powder replacement levels were investigated: 1%, 2%, 3%, 4%, 10%, and 20%. 
This systematic replacement resulted in eight distinct mortar mixtures in total, 
including the control mixture. The detailed quantitative compositions of all eight 
mixtures, including the exact proportions of cement, sand, water, and iron powder 
for each mix, are presented in Table 4.

TABLE 4. Compositions of mortars

Designation Crushed sand content
[g]

Cement content
[g]

Iron powder content
[g]

Water content
[g]

MC0 1 350.0 450.0 0 225.0
MIP1 1 350.0 445.5 4.5 225.0
MIP2 1 350.0 441.0 9.0 225.0
MIP3 1 350.0 436.5 13.5 225.0
MIP4 1 350.0 432.0 18.0 225.0
MIP5 1 350.0 427.5 22.5 225.0
MIP10 1 350.0 405.0 45.0 225.0
MIP20 1 350.0 360.0 90.0 225.0

Source: own work.
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All mortar mixtures were prepared in accordance with the specifications outlined 
in EN206+A2/CN (AFNOR, 2022a). This involved using a standard laboratory 
planetary mixer and following a specific mixing sequence: dry components were 
mixed for 2 mins, water was added over 30 s, followed by 2 mins of mixing 
at high speed. To ensure statistical robustness and reproducibility of results, all 
experimental tests for each mortar mixture were repeated a minimum of three 
times. The reported results represent the average of these replicates, with standard 
deviations provided where appropriate.

After preparation, the fresh mortar mixtures were cast into prismatic molds 
with dimensions of 4 × 4 × 16 cm for subsequent evaluation of flexural strength 
and compressive strength. The molds were filled in two layers, with each layer 
compacted using a vibratory table for 60 s. Following casting, the samples were 
cured in their molds at 20 ±2°C and over 95% relative humidity for a period 
of 24 h. After this initial curing period, the samples were carefully demolded 
and subsequently left to cure in ambient air conditioning at 20 ±2°C for 28 days 
until testing.

Results and discussion

Setting time and consistency 

The setting time and consistency of the mortar were determined using a Vicat 
apparatus following EN 196-3 (European Committee for Standardization [CEN] 
2016). For consistency, the mortar was placed in a conical mold, and the 10 mm 
plunger penetration depth was measured, aiming for a standard value. For setting 
times, a specific needle was used to track penetration; initial setting was when 
the needle no longer reached the bottom, and final setting was when only a surface 
impression remained. These tests were conducted at regular intervals until both 
points were identified. Figures 5 and 6 present the results.

Figure 5 presents the setting times of mortars with varying iron powder 
content. The control mortar (MC) without iron powder exhibits a setting time 
of approximately 2 h. The mortars with 1% (MIP1) and 2% (MIP2) iron powder 
show a slight increase in setting time compared to the control. However, 
a substantial increase in setting time was observed for MIP3, MIP4, and MIP5, 
reaching a maximum of 3 h. Interestingly, as the iron powder content increases 
to 10% (MIP10) and 20% (MIP20), the setting time decreases, falling back to 
approximately 2 h. The initial addition of small amounts of iron powder (MIP1, 
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MIP2) to the cement paste resulted in a slight increase in setting time. This can be 
attributed to the nucleation effect of the iron particles, which act as nucleation sites 
for the formation of hydration products, initially accelerating the setting process. 
However, as the iron powder content increased further (MIP3, MIP4, MIP5), 
the setting time began to delay significantly. The mixture likely required more water 
to achieve the desired workability. This is probably because numerous nucleation 
sites cause rapid water consumption. This observation aligns with previous research 
(Thakur et al., 2019).
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FIGURE 5. Evolution of setting time according to the substitution rate of iron powder
Source: own work.
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FIGURE 6. Evolution of consistency according to the substitution rate of iron powder
Source: own work.

Conversely, at higher iron powder concentrations (MIP10, MIP20), the setting 
time decreased. This could be attributed to several factors. Firstly, the excessive 
amount of iron powder may have interfered with the hydration process, potentially 
hindering the proper packing of cement particles and reducing the overall 
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reaction rate. Secondly, the presence of a large number of iron particles may have 
disrupted the formation of the hydration product network, leading to a faster 
setting time. 

Concerning the evolution of consistency as a function of the iron powder 
substitution rate, as shown in Figure 6, the results indicate that the MC exhibits 
a consistency of 6 mm. Upon introducing 1‒5% iron powder (MIP1 to MIP5), 
the consistency shows minor fluctuations, suggesting a limited impact at these low 
concentrations. These results agree with those of Largeau et al. (2018).

However, a significant increase in consistency is observed in higher iron powder 
contents (MIP10 and MIP20), reaching 15 mm and 14 mm, respectively. This trend 
likely arises from the increased particle size and surface area of the iron powder, 
leading to greater interparticle friction and a stiffer mortar mix.

Air content and bulk density 

To characterize the fresh mortar properties, air content was determined using 
a mortar aerometer in accordance with EN 1015-7 (AFNOR, 1999). This involved 
filling a standardized vessel with fresh mortar, striking off the excess, and then 
using the aerometer to measure the entrapped air volume based on the pressure 
method. Furthermore, the bulk density of the fresh mortar was measured following 
NF EN 1015-6/A1 (AFNOR, 2007). For this, a known volume of fresh mortar was 
carefully placed into a tared container of specified dimensions, and its mass was 
determined. The bulk density was then calculated by dividing the mass of the mortar 
by the volume of the container. The resulting air content and bulk density values 
for each mortar mixture are presented in Figures 7 and 8, respectively.
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FIGURE 7. Evolution of air content according to the substitution rate of iron powder
Source: own work.
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FIGURE 8. Evolution of bulk density according to the substitution rate of iron powder
Source: own work.

Figure 7 depicts the air content of mortars expressed as a percentage. 
The MC, devoid of iron powder, displays an air content of approximately 2%. 
The inclusion of 1% (MIP1) and 2% (MIP2) iron powder results in a modest 
increase in air content. However, a slight rise in air content is observed for 
MIP3 (3% iron powder), MIP4 (4% iron powder), and MIP5 (5% iron powder), 
with air content increasing up to 3.5%. The observed initial increase in air 
content with the addition of small amounts of iron powder (MIP1, MIP2) can 
be attributed to the increased surface roughness and irregular shapes of the iron 
particles, as shown in Figure 4. These characteristics contribute to enhanced air 
entrainment within the mortar matrix. The iron particles, acting as nucleation 
sites, likely trap air bubbles during mixing. This effect becomes more pronounced 
for MIP3 and MIP4, leading to substantial increases in the measured air content. 
Specifically, MIP3 demonstrated a 43.47% increase, while MIP4 exhibited 
a 52.17% increase. An intriguing observation was the decreased air content 
in mortars with higher iron powder concentrations (MIP10, MIP20) compared to 
MIP4. This phenomenon may be attributed to several factors. Firstly, at elevated 
iron powder concentrations, particle agglomeration might occur, reducing 
the overall surface area available for air bubble nucleation. Secondly, the increased 
viscosity of the mortar mix at higher iron powder contents, as previously 
observed in consistency tests, could impede the movement and dispersion 
of air bubbles within the matrix, consequently limiting air entrainment. These 
results are concordant with the findings of work by Khouadjia et al. (2025). 
The results shown in Figure 8 concerning the evolution of bulk density 
as a function of the substitution rate of iron powder indicate that the addition 
of iron powder from 1% to 4% leads to a decrease in bulk density (up to 1.42% 
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for MIP4). However, as the iron powder content increases to 5% (MIP5), 10% 
(MIP10), and 20% (MIP20), the bulk density significantly increases, reaching 
values of 2.34 kg·m−3, 2.33 kg·m−3, and 2.323 kg·m−3, respectively, compared 
to the control concrete, which has a density of 2.32 kg·m−3. The initial reduction 
in bulk density observed with the addition of small amounts of iron powder (MIP1, 
MIP2, MIP3, MIP4) can be attributed to increased porosity within the mortar 
matrix. Iron particles possessing a higher density than the constituent cement 
and sand can disrupt the natural particle packing arrangement. This disruption 
results in the formation of voids and consequently a decrease in the overall bulk 
density of the mortar mixture.

On the other hand, the increase in bulk density observed at higher iron 
powder concentrations (MIP5, MIP10, MIP20) strongly suggests a modification 
of the mortar’s microstructure. This enhancement is likely due to a combination 
of factors. Firstly, the increased presence of iron particles likely improves particle 
packing within the mortar matrix, reducing voids and leading to a more compact 
structure. Secondly, the intrinsic high density of iron significantly contributes 
to the overall mass of the mortar, directly resulting in an increase in bulk density. 
These results are similar to those obtained by Khouadjia et al. (2025) concerning 
the use of iron powder.

Workability (flow time) 

The flow time of all mortar mixtures was determined using the LCPC 
workability meter (French test), in accordance with the standard NF P 18-452 
(AFNOR, 2017a). The results of the flow time test are presented in Figure 9. 
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FIGURE 9. Evolution of flow time according to the substitution rate of iron powder 
Source: own work. 
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Figure 9 shows that the MC exhibited a flow time of 23 s. The incorporation 
of 1‒2% iron powder (MIP1 to MIP2) had a minimal impact on flow time, 
with values remaining largely consistent with the MC. However, a notable decrease 
in flow time is observed for MIP3 and MIP4, suggesting a reduction in viscosity 
and an increase in workability at these intermediate concentrations. This enhanced 
flowability can be attributed to several factors. Firstly, the incorporation of iron 
powder likely improved particle dispersion within the mortar matrix. Acting 
as fillers, the iron particles may have facilitated denser packing of cement 
particles, minimized voids, and promoted smoother flow. Secondly, interactions 
between the iron powder and cement particles may have altered the surface 
properties of the cement, potentially reducing particle agglomeration. This surface 
modification could have contributed to a more fluid and workable mortar. These 
results are consistent with previous findings (Ruidong et al., 2021).

However, at higher iron powder contents (MIP5, MIP10, and MIP20), 
a significant increase in flow time is observed, reaching 38 s, 28 s, and 29 s, 
respectively. This increase in flow time indicates that higher concentrations 
of iron powder can adversely affect the workability of the mortar. Several factors 
contribute to these results. A higher concentration of iron powder concentration 
likely leads to particle agglomeration, forming larger clusters within the mortar 
that impede flow and increase viscosity. Additionally, the iron powder may absorb 
some of the mixing water, reducing the available water and making the mortar 
stiffer and less workable. Consequently, this results in longer flow times, negatively 
impacting workability and application. These observations are consistent 
with findings by Bogue (1947) and Han et al. (2022).

Furthermore, the increased density of the mortar (Fig. 8), due to the addition 
of high concentrations of iron powder, can also contribute to the observed 
decrease in workability. A denser mortar may exhibit greater resistance to flow 
and deformation, leading to increased difficulty in shaping and placing the material.

Compressive strength

Compressive strength tests were performed on mortar specimens at 28 days 
of curing. We followed the NF EN 12390-3 standard (AFNOR, 2012b) precisely, 
using a universal testing machine to apply a controlled compressive load until failure. 
For each mix, six replicate specimens were tested to ensure reliability. The reported 
values in Figure 10 represent the average compressive strength obtained from these 
three measurements, providing a robust and representative data point. 
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FIGURE 10. Evolution of compressive strength according to the substitution rate of iron powder 
Source: own work.

Figure 10 illustrates the compressive strength of mortars at 7 days and 28 days, 
comparing a MC with mortars containing varying amounts of iron powder 
(MIP1 to MIP20). Overall, the presence of iron powder generally enhances 
the compressive strength, particularly at 28 days. While the 7-day strength shows 
a slight increase of approximately 10‒12.5% compared to the control, the 28-day 
strength demonstrates a more substantial improvement (8‒18%), suggesting 
that iron powder promotes strength development over time. The highest 
compressive strength was achieved for mortars containing 5% iron powder, 
exceeding 67.11 MPa. These results align with the observed trends in air content 
and bulk density. Specifically, the air content of the 5% iron powder mixture 
(MIP 5) increased slightly, while the bulk density remained relatively high. 
This improvement in strength can be attributed to several mechanisms: the iron 
powder acts as a filler material, enhances particle packing density, and facilitates 
better mechanical interlocking within the mortar matrix. As a result, this denser 
matrix leads to a more compact and robust structure. The presence of iron 
powder may influence the formation of ettringite, a sulfate-bearing compound 
that contributes to strength development over time (Tao & Dang, 2016; 
Largeau et al., 2018; Cui et al., 2024). Incorporating iron powder into concrete 
at levels of 10% and 20% resulted in reduced compressive strength at both 7 days 
and 28 days. This weakening effect is likely due to the iron powder replacing 
cement, which consequently impedes the formation of calcium silicate hydrate 
(C-S-H) – a key component for concrete strength, particularly in the initial stages 
(Giovanni et al., 2024). 
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Three-point flexural strength

The three-point flexural strength of the specimens was determined according 
to the European standard NF EN 12390-1 (AFNOR, 2017b). Each specimen 
was centrally loaded at a controlled rate while being supported at two points. 
The maximum load at failure was recorded, and the flexural strength was calculated 
using the specified formula, considering the specimen’s dimensions. These tests 
provided crucial data on the material’s resistance to bending. The results are 
presented in Figure 11.

7 days 28 days

0

2

4

6

8

10

12

14

MC MIP1 MIP2 MIP3 MIP4 MIP5 MIP10 MIP20

T
hr

ee
-p

oi
nt

 b
en

di
ng

 s
tr

en
gt

h 
[M

Pa
]

FIGURE 11. Evolution of three-point bending strength according to substitution rate of tuff with iron powder
Source: own work.

Figure 11 illustrates the three-point bending strength of mortars containing 
varying amounts of iron powder at 7 days and 28 days. The MC exhibits a bending 
strength of approximately 10 MPa at 7 days and 12 MPa at 28 days. The addition 
of iron powder initially leads to an increase in strength at 7 days, with MIP2 
showing the highest increase of 30% compared to the control. This early strength 
gain can be attributed to the nucleation and refinement of cement hydration 
products due to the presence of iron powder. 

However, in 28 days, the situation changes. While some mortars with iron 
powder (MIP5, MIP10) show a slight increase in strength (8.33% and 4.17%, 
respectively), others (MIP2, MIP3, MIP4, and MIP20) exhibit a significant decrease 
in strength compared to the MC, with MIP4 showing the largest decrease of 25%. 
This suggests that at higher iron powder concentrations, mechanisms such as iron 
powder aggregation or interference with the normal hydration process of cement 
might be detrimental to the long-term strength development of the mortar (Largeau 
et al., 2018; Giovanni et al., 2024). 
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These findings highlight the complex influence of iron powder on the mechanical 
behavior of mortars. While it can enhance early strength, its effect on long-term 
strength is more nuanced and requires careful optimization of the iron powder 
content to prevent negative impacts on three-point bending.

Conclusions

This study investigates the feasibility of using waste iron powder (IP) as a partial 
replacement for cement in mortar, with the goal of developing sustainable 
construction materials from industrial by-products. Our research specifically 
evaluates the effects of different IP percentages (1‒20% by weight of cement) 
on the fresh and hardened properties of mortar. This work offers a viable pathway 
for utilizing industrial waste and contributes to reducing environmental impact.

The incorporation of iron powder significantly influenced various mortar 
properties. A complex relationship was observed between IP content and setting 
time, where small additions (1‒2%) slightly delayed setting, while higher 
concentrations (beyond 5%) progressively accelerated it. Consistency remained 
relatively stable at low IP concentrations (1‒5%) but significantly decreased 
at higher levels (10‒20%), likely due to the increased surface area of IP leading to 
a higher water demand.

Air entrainment varied with IP content; small additions (1‒2%) modestly 
increased air content, higher concentrations (3‒4%) significantly increased it, 
and even higher concentrations (10‒20%) led to a decrease. Mortar flow time was 
minimally affected at low IP concentrations (1‒4%) but significantly increased 
at higher levels (5%, 10%, 20%), attributed to factors such as particle agglomeration, 
increased interparticle friction, and potentially higher water absorption by the IP.

Crucially, incorporating iron powder significantly improved compressive 
strength, particularly at 28 days. Mortar, with 5% IP (MIP5), achieved the highest 
28-day compressive strength of 67.11 MPa, representing a notable enhancement 
attributed to improved particle packing and increased density. While initial flexural 
strength showed promise (30% increase for MIP2 at 7 days), this benefit diminished 
over time, with higher IP concentrations leading to significant reductions in 28-day 
flexural strength (MIP4 showing a 25% decrease compared to the control). 

Based on these comprehensive findings, a 5% waste iron powder replacement 
(WIP5) stands out as the optimal percentage, consistently demonstrating superior 
performance in terms of compressive strength and overall balanced properties – 
a conclusion directly supported by our results.
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These findings collectively emphasize the importance of carefully optimizing 
iron powder content to achieve the desired mechanical properties while balancing 
various characteristics of the mortar. This research offers specific insights into how 
iron powder affects mortar performance, guiding future applications and material 
design. Future research should focus on exploring hybrid binder systems with other 
materials that could mitigate issues like reduced flexural strength. Crucially, 
durability studies (e.g., sulfate and chloride resistance) and life cycle assessments 
are vital to confirm the long-term viability and environmental benefits of these 
sustainable mortars in practical applications.
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Summary 

The influence of iron powder content on the fresh and hardened properties 
of mortar. The growing global waste problem, combined with the environmental impact 
of concrete production, necessitates innovative solutions to mitigate pollution, conserve 
resources, and enhance concrete performance. This research explores the potential of iron 
powder (IP) as a partial cement replacement in mortar. The study investigates the influence 
of iron powder on the fresh and hardened properties of mortar at seven replacement 
percentages: 1%, 2%, 3%, 4%, 5%, 10%, and 20% by weight. A comprehensive range 
of tests, including setting times, air content, density, flow time, compressive strength, 
and flexural strength, were conducted to assess the performance of the IP-modified 
mortars. The incorporation of iron powder into mortar mixtures significantly affected 
its properties. For replacement percentages greater than 3%, a slight enhancement 
in workability (3%) was observed. In terms of compressive strength, optimal performance 
was achieved with a 5% iron powder replacement (MIP5), surpassing that of the control 
mortar despite an increase in air content. Further increasing the iron powder content 
beyond 5% resulted in a modest decrease in compressive and flexural strengths, confirming 
that 5% is the optimal replacement percentage. This research provides significant 
practical implications, offering a viable and sustainable pathway for utilizing industrial 
waste, reducing landfill burden, conserving natural resources, and developing greener, 
high-performance construction materials.
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