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1. INTRODUCTION 

Fast population growth and the depletion of natural resources have taken the idea of sustainability to the fore. 

Constant efforts are therefore made to present and improve sustainability in the building sector. To this end, many 
researchers have focused on the study of concrete because of its versatility and its broad use as construction materials 

[1]. Cement, an essential ingredient in the production of standard concrete, contributes to the release of carbon dioxide 
gas. However, this issue can be mitigated by using cement additives throughout the concrete manufacturing process. 
Cement is the costliest and most energy-intensive type of concrete product. The cost of concrete is decreased by 

partially substituting business wastes that include high levels of pozzolanic element [2]. Multiple studies have 
concentrated on identifying alternative materials that can be used as alternatives for cement. Utilizing cement substitute 
materials is a means of utilizing non-renewable resources and has the potential to significantly advance towards a more 

environmentally friendly future. Alternative binders to cement can be derived from many sources, including 
agriculture, industry, and the marine industry. The majority of these materials are traversed by natural or manmade 

processes [3]. 
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replacement for cement and added superplasticizer SP. A normal mortar using Ordinary Portland cement OPC was 
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Among the four types of CSW mortars, the most effective amount of cement substitute is around 10%. This is 

higher than the other green mortars since increasing the amount of CSW decreases compressive strength. The 
primary objective of this research is to mitigate the carbon dioxide emissions generated by the cement industry and 
decrease environmentally detrimental waste by utilizing it as a partial substitute for cement. 
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Cost-efficient and alternative construction methods can play an essential role in reducing CO2 emissions by 
lowering building material quantities by improving and innovative techniques or utilizing alternative materials that 

consume little energy. Green cement may be characterized as a material solid with a fractional o r finished cement 
alternative. The replacement material may be waste or remaining item in the assembly process. Reduction, reuse and 
recycling or other concrete technology processes should include green concrete [4]. 

Through using alternative materials that are less energy-intensive and have lower carbon emissions, such materials 
include slag, silica fume, rice husk ash, fly ash, and wood ash, castable silica and other waste, this problem can be 

resolved. CSW is produced as a by-product when pig iron is produced in steel mills [5]. 
This research used castable silica waste as a replacement for cement and these materials are refractory materials. 

Refractory castables, which are part of the monolithic family, form a substantial category of materials that have g rown 

in usage significantly over the past three decades. Advancing from basic blends, modern mixes now consist of intricate 
and specialized compositions employed in a wide range of rigorous and challenging industrial uses. Their market 
dominance has been growing and, in numerous cases, has surpassed traditional brick-and-mortar refractories. 

Moreover, it is the most suitable option for multiple applications owing to its superior performance and simplified 
installation process [6]. 

Monolithic has quickly surpassed bricks in popularity because of its many advantages, including its low cost, ease 
of installation, speed, and lack of corrosion-prone lining joints. This all-encompassing word encompasses many 
materials, from malleable cement pastes to solid plastic balls and many bonding systems. First manufactured in 1914 as 

a commercial refractory plastic, a basic mixture of fire clay and monolithic materials was initially utilized as a separate 
refractory product [7].  

During operation, metal/CSW propagates into the castables, corroding and eroding the refractory. Some wear 

mechanisms are thermal shock, iron erosion, and corrosion. Thermal shock can stress refractory castables because of 
rapid temperature changes. Cracks from these forces shorten refractory life. Molten iron can attack castable elements 

during oxidation and generate low-melting compounds, degrading their characteristics [8]. And this trash results from 
disposing of refractory material that was formerly used to line iron melting furnaces or transport molten iron [9]. 
Therefore, we may use castable silica waste as a partial cement substitute that can be reused rather than disposed of. 

This paper focuses on finding the Possibility of using castable silica waste as a partial replacement for cement. And the 
use of the best percentage the produce sustainable mortar. 

With the many and increasing challenges to natural resources, it has become necessary to find appropriate 

solutions to reduce the use of cement, which is a basic material in the construction industry and contributes 
significantly to carbon dioxide emissions [10,11]. Therefore, it has become necessary to use partial alternatives to 

cement [12], such as castable silica waste, to reduce the environmental impact, provided that these alternatives do not 
affect the properties of the durability and strength of the cement mortar. 

This research aims to partially replace castable silica waste with mortar production innovation so that it contributes 

significantly to sustainable construction. It evaluates the impact of waste on mortar properties ranging from strength to 
durability to determine the waste equivalent ratio for cement replacement, therefore assisting in mitigating CO2 
emissions from the conventional cement industry. 

This study also addresses sustainability goals in the construction industry by encouraging the use of secondary 
resources and reducing industrial waste. It stresses the need to improve research on building materials. This would open 

up possibilities for other waste-related uses and a multi-faceted development of the construction industry as a whole. 
 

2. MATERIALS USED IN STUDY 

The base material for specimens is casting consists of cement, sand, water, waste (CSW) and superplasticizers. The 
following defines its properties and source. 

A- Cement: Ordinary Portland cement (OPC) is commonly used as the main binding element in concrete 

production due to its advantageous adhesive and cohesive properties, which allow it to blend efficiently with other 
substances. The cement used is locally sourced and belongs to the category of Ordinary Portland cement, namely typeI. 
[13], they are derived from the Badoush cement mill in the Nineveh Governorate of Iraq. Table 1 displays the physical 

attributes of cement, and Table 2 lists the chemical components of cement. The physical and chemical parameters of 
Cement Badoush are according to the "ASTM C150" standard."[14]. 

Table 1. - Physical characteristics of cement 

Test Results Limits of ASTM C150 

Initial setting time 155 minutes Min. 45 minute 

Initial setting time 325 minutes Max. 375 minute 

Fineness (Blain) 264 m2/kg Min. 260 m2/kg 

Compressive strength of mortar   



Mohammed Abdul-Kareem Malallah et al., Al-Salam Journal for Engineering and Technology Vol. 4 No. 1 (2025) p. 173-181 

 

 175 

3 days 
7 days 

15.62 MPa 
20.72 MPa 

Min. 12 MPa 
Min. 19 MPa 

Table 2. - Chemical compositions of cement 

Constituent Component of Cement (%) Limits of ASTM C150 

SiO2 21.2 ------ 

Al2O3 5.6 ------ 

Fe2O3 2.5 ------ 

CaO 62.2 ------ 

MgO 3.8 ≤ 6% 

SO3 2.55 ≤3.5 if C3A ≥ 8% 

Loss of ignition  ≤ 3% 

Insoluble residue  ≤ 1.5% 

Free Cao  ------ 

L.S.F.  ------ 

C3S  ------ 

C2S  ------ 

C3A  ------ 

C4AF  ------ 

 
B- Sand: The natural fine aggregate was sourced locally. The sand was collected for this study from a local source 

in Mosul's Kanhash region, with a specific gravity of sand (2.66), water absorption of (1%) and bulk density (1735 
kg/m3), in compatible with ASTM C128-15 [15]. The grading standards for the sand used are compatible with ASTM 
C33-16 [16]. The table below summarizes the grading standards Table 3. 

Table 3. - Grading of (Sand) fine aggregate 

NO. 
Sieve No. 
(mm) 

Retained 
(gm) 

Retained 
%  

accumulative 
gm 

accumulative 
%  

Passing 
(% ) 

Limits of 
ASTM C 

33 

1 3⁄8-in. (9.5) 0 0 0 0 100 100 

2 No.4 (4.75) 22 4.42 22 4.42 95.58 95-100 

3 No.8 (2.36) 70 14.09 92 18.51 81.49 80-100 

4 No.16 (1.18) 71 14.29 163 32.79 67.21 50-85 

5 No.30 (0.6) 118 23.74 281 56.54 34.46 25-60 

6 No.50 (0.3) 125 25.15 406 81.69 18.31 5-30 

7 No.100 (0.15) 65 13.08 471 94.77 5.23 0-10 

8 No.200 (0.075) 20 4.03 491 98.79 1.21 0-3 

9 pan 6 1.2 497 100 0  

Total 497      

 
C- Water: To mix, clean water from the faucet is used. The water utilized for blending and solidifying must be 

uncontaminated and devoid of any hazardous oils, acids, alkalis, organic substances, or other detrimental constituents 
[17]. The same conditions as the mixing water are used to curing the samples. 

D- Castable silica waste: Refractories are materials that can withstand high temperatures without being damaged. 
They are classified as inorganic non-metallic materials. In addition, they should serve other functions, such as reducing 
heat loss in kilns, transferring heat to the materials inside the kilns, and facilitating the smooth movement of materials 

through them [18]. and this waste is the by-product of the disposal of refractory material after being used for lining iron 
melting furnaces or conveying equipment for molten iron. The chemical compositions of castable silica waste are also 
present in (Table 4). 
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Table 4. - Chemical compositions of Castable silica waste 

Constituent Component of CSW (%) Limits of ASTM C150 

SiO2 74.47 ------ 

Al2O3 2.1 ------ 

Fe2O3 1.9 ------ 

CaO 6.44 ------ 

MgO 0.4 ------ 

SO3 1 ------ 

Loss of ignition 1.85 ------ 

Insoluble residue 78.73 ------ 

Free Cao 0.14 ------ 

L.S.F. 2.56 ------ 

 

E- Superplasticizer: The study examines the utilization of Superplasticizers, specifically Flo-Crete SP42, by a DCP 
firm. These Superplasticizers are advanced fluid concrete admixtures composed of carefully chosen polymers. Their 
purpose is to enhance the effectiveness of the water content in concrete. This phenomenon can improve the workability 

and ultimate strengths of the concrete mix by significantly decreasing its water content. The specific gravity of Flo -
Crete SP42 ranges from 1.19 to 1.22. The suggested dosage of Flo-Crete SP42 is 0.80 to 2.00 liters per 100 kg of 
cementitious ingredients in the mix, which includes GGBFS, PFA, or micro-silica [19]. The technical properties of the 

Floc-rete SP-42 used are also present in (Table 5), And the picture of the superplasticizer show in figure (1). 

Table 5. - Technical properties of the Floc-rete SP-42 used 

Tests Results 

State of the materials Liquid 

Color Brown-black 

Specific gravity 1.19 - 1.22 

Chloride content Nil 

Air entrainment less than 2% 

Structure sulfonated Naphthalene 

 

 

 

 

 

 

 

 

FIGURE 1. - Floc-rete  SP-42 (5 liters) 

 

3. EXPERIMENTAL PROGRAM 

Before they were combined, all materials, including water and superplasticizers, were weighed. Initially, the sand 
and binders (OPC and castable silica) were thoroughly mixed for approximately 3 minutes, to ensure the castable silica 
waste was uniformly distributed. The water was progressively applied to the Mortar mix. Water is dispersed uniformly 

in the dry mixture, a quantity of water is left, and a superplasticizer is added to the remaining water so that the 
superplasticizers are completely dissolved. The superplasticizer then adds the dissolved water to the mixture. The 

specimens were produced at the usual size and allowed to remain in the moulds for approximately 24±6 hours. After 
(24±6) hours, the specimens were dismantled and subjected to the normal curing method of immersing them in a tap 
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water tank at a controlled temperature of 23ºC ±2ºC. The specimens have been tested in a compressive strength test 
machine (UTM) in compliance with standard testing procedures [20]. 

Molds used and Specimens: Plastic Cubes were prepared to be applied for mortar tests. 9 cubes of 50x50x50mm 
were prepared as shown in figure (2). 

 

 

 

 

 

FIGURE 2. - Cubes of mortar 
 

Mix proportions: During this study, castable silica waste (CSW) was collected from the steel mill Mosul-Iraq. The 
castable silica waste (CSW) dose used as a partial cement substitute is 10%, 20%, and 30%. Furthermore, a standard 

mortar that does not contain castable silica waste (CSW) was also prepared and examined to facilitate a comparison of 
the findings. Therefore, four batches of specimens were fabricated and discussed in this investigation. The study 
utilized a mortar ratio of 1:2.75 (Cement: Sand), as indicated in Table 6. 

Table 6. - mix proportions 

percentage of 
replacement CSW 
from cement 

 
 

Binder (500 g) 
Sand 

G 

 
 

W/C 
%  

 
 

Water 
G 

 
 

SP. 
%  

 
 

SP. 
G 

 
 

Cement 
G 

CSW 
G 

0%  500 0 1375 0.5 250 0 0 

10% 450 50 1375 0.5 270 1 5 

20% 400 100 1375 0.45 225 1.2 6 

30% 350 150 1375 0.4 200 1.4 7 

 

4. RESULT AND DISCUSSION 

A- Flow: The flow table test used to be carried out in conformity with the ASTM C1437 [21]. Table 7 gives 
water/cement (W/C) ratio, the percentage of superplasticizer in mixes, the reference mortar flow and castable silica 
waste (CSW) mortar flow. 

Table 7.- Flow for specimens  

No. 
Binder 
%  

Water/cement ratio % 
Water 

Gm 
SP. 
%  

SP. 
gm 

Flow 
mm 

1 Cement 100 0.5 250 0 0 110 

2 Cement 90+CSW 10 0.45 225 1.1 5.5 109 

3 Cement 80+CSW 20 0.42 210 1.3 6.5 113 

4 Cement 70+CSW 30 0.4 200 1.5 7.5 110 

 
Table 7 shows clearly that the particles of CSW need more water than cement to obtain roughly the same flow or 

workability [22]. In this paper, the superplasticizer was added in different proportions according to replacing the 
cement to get the same flow and the workability. The inclusion of silica fume (CSW) in fresh concrete or mortar 
decreases its workability due to the cementitious material's extremely high specific surface area [23, 24]. A trial mix 

method was used to match the workability of the CSW mortar with that of the reference mortar. 
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B- Strength Activity Index: In compliance with the ASTM C311M [25]. The strength activity index test was 
carried out. The activity index calculation is shown in Table 8. 

Table 8. -  Strength Activity Index 

Type of specimens 

Compressive 
strength 

7 days 

Mpa 

Ave. Strength 
Activity index 

7 days 

Compressive 
strength 
28 days 

Mpa 

Ave. Strength 
Activity index 

28 days 

Cement 100+CSW 0 19.52 
63.88% 

29.27 
76.39% 

Cement 80+CSW 20 12.47 22.36 

The test results show clearly that the CSW strength activity index tends to increase with age increase as shown in 

figure 1 below [26]. The pozzolanic reaction of silica fume leads to the consumption of calcium hydroxide (CH), which 

is a hydration product of cement. This facilitates the hydration process, enhancing the extent of cement hydration. In 
addition, the surfaces of CSW particles with small particle sizes have the potential to serve as nucleation sites for the 
hydration products of cement, which, therefore, speeds up the process of cement hydration. During this time, the 

reaction between CSW and CH results in the formation of C–S–H gel. It is possible that the improvement in CSW on 
the non-vaporable water content can be partially attributed to the increase in the amount of C–S–H gel available 

[27,28]. Figure 3 presents the strength activity index for castable silica waste (CSW). 

 

FIGURE 3. - Relationship between compressive strength and age  
 

C- Compressive Strength: The compressive strength test was performed under the ASTM C109/C109M [29]. The 
computation of compressive strength is shown in table 9 and table 10. must be taken into consideration that the 
superplasticizer (Flo-Crete SP42) was added to all mixtures containing the CSW in order to improve compressive 

strength and make workability same in all mixtures. 
Compressive strength results for reference mortar and CSW mortar as described in Table 9 below. The tests results 

showed that the 7 days’ compression strength for CSW mortar samples with cement replacement is 10%, 20% and 
30%. With an increase in CSW content compared to no CSW mortar, compressive strength is decreased by a curing 
period of 7 days [30]. 

It takes longer for mixed cement to reach its early strength than regular cement because it doesn't have enough 
calcium hydroxide when wet [31].  

Table 9. -  Compressive Strength at 7 days 

days 

percentage of 

replacement 
CSW from 

cement 

Compressive 

strength 
in 7 days 

Mpa 

Average 

compressive 
strength 

Mpa 

7 0% 
18.24 

19.08 19.34 
19.66 
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10% 
15.54 

15.33 15.1 
15.36 

20% 
12.31 

12.05 11.63 
12.22 

30% 
7.85 

8.04 8.52 

7.75 

 
For reference mortar (OPC) and CSW mortars listed in Table 10 below. The test results indicated that the 

compressive strength of CSW mortar samples, when substituted with cement, decreased by 10%, 20%, and 30% after 

28 days. The 28-day compressive strength of the mortar with 10% substitution of CSW was higher than that of any 
other replacement mortar. According to this study, the ideal substitute for cement in CSW mortar is 10%. Typically, in 
the later stages, replacing cement with CSW mortar resulted in increased compressive strength. 

When CSW is incorporated into cement, it serves two purposes: firstly, as a chemically inactive substance that 
enhances the physical composition, and secondly, as a pozzolan that reacts chemically with Calcium Hydroxide (CH) 

produced during cement hydration and the initiation time of the pozzolanic reaction ranged from 1 day to 28 days, 
depending on the characteristics of the pozzolana [31]. CSW generates C-S-H gel through its potent pozzolanic 
activity, resulting in heightened compressive strength and pore filling in cement paste. Consequently, this reduces the 

cement paste's permeability and improves the mortar's durability [32].  

Table 10. - Compressive Strength at 28 days 

days 
percentage of 

replacement CSW 

from cement 

Compressive strength 
in 28 days 

Mpa 

Average compressive  
strength 

Mpa 

28 

0% 

27.2 

27.17 27.5 

26.81 

10% 

21.03 

21.69 22.93 

21.12 

20% 

20.82 

20.49 20.74 

19.93 

30% 

14.67 

14.13 13.92 

13.82 

 

It was predicted that substituting CSW for cement would be somewhat similar to the 28-day compressive strength. 
This happened because the cement-hydration process generated calcium silicate hydrate (C-S-H) when the silica fume 

reacted with calcium hydroxide. It was also because of the filling function of excellent silica fume particles  [33]. 

 

5. CONCLUSION 

The following conclusion can be formed based on the limited experimental research conducted regarding the flow 
test, activity index test, and compressive strength of concrete that contained castable silica waste (CSW) as a partial 

substitute for cement. 
• The CSW needs more water than the reference mixture (0% CSW). It is to be noted that the excess water needed 

by the CSW has to be replaced by the addition of the superplasticizer, while the water percentage remains constant in 
all mixtures.  

• The strength activity index of CSW in 7 days is 63.88% and the strength activity index of CSW in 28 days is 

76.39%. Thus, the CSW is more effective at later ages. The poor activity of CSW at early ages can be overcome by the 
addition of superplasticizers.  

• By conducting practical experiments in the laboratory, the results showed, The lower the cement replacement 

ratio with CSW, the greater the compressive strength at early and late ages. The use of 10% of CSW as a partial 
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replacement of cement is the highest reliable replacement ratio for producing sustainable mortar that can be used. This 
percentage is the ideal replacement ratio because the cement substitution percentage corresponds with the added 

superplasticizer percentage, giving more of the highest compressive strength than other replacement ratios. 
• Utilizing castable silica waste as a partial cement substitute greatly advances sustainability, diminishes carbon 

dioxide emissions, promotes the use of secondary resources, and mitigates industrial waste. This will create 

opportunities for utilizing alternative secondary materials to enhance sustainability in the construction industry. 
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