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Abstract 

An experimental study was conducted to evaluate durability 

(compressive strength and mass loss%) in the modified sulfur concrete 

within aggressive environments. The modified sulfur concrete was 

prepared by adding recycled polymeric and filler materials that showed 

a noticeable enhancement for modified sulfur concrete characteristics. A 

durability comparison between modified sulfur concrete and traditional 

concrete was investigated at normal and aggressive environments (10% 

HCl and 3% NaCl). A cuboid shape with size (50 × 50 × 50mm) was 

used in this research to investigate the durability of both modified sulfur 

and traditional concrete. The modified sulfur concrete characteristics 

revealed high stable structure than traditional due to preventing a process 

of crystallization of sulfur that modified with polymer and fillers. The 

compressive strength was 10.87 – 22.5% increased for modified sulfur 

concrete compared to the traditional concrete at the normal environment. 

In the aggressive environments, the modified sulfur concrete illustrated 

high resistance strength compared to the traditional concrete. The 

comparison revealed a significant impact for 10% HCl and 3% NaCl on 

the traditional concrete. The compressive strength decreased between 

(88.78 – 96.17) % for traditional concrete compared to modified sulfur 

concrete in 10% HCl solution and (84.25 – 95.06) % in 3% NaCl 

solution. Furthermore, mass loss % of the modified sulfur concrete 

indicated high resistance compared to the traditional concrete in both 

10% HCl and 3% NaCl solutions.

  

1. Introduction 

Traditional cement concrete has been extensively used concrete in industrial and civil construction. Increasing the 

demand for traditional cement production was due to changes in lifestyle and urbanization. Additionally, 

population growth creates new infrastructure needs that can supply people's requirements, thus escalating the order 

to consume more cement amounts. However, traditional cement concrete has a short life cycle against aggressive 

environments such as acidic and alkaline environments. On the other hand, the cement production plants are 

classified as one of the most impact plants on the environment, which the cement plants help emit 7% of the carbon 

dioxide to the atmosphere. Consequently, reducing the amount of cement consumption and improving the 

durability and stability of concrete have attracted more attention to enhancing the cement by using new technology. 
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The first attempt to use alternative material to cement was in 1920, which suggested sulfur as a concrete compound 

binder [1–3]. 

Elemental sulfur is a significantly essential element used in the chemical industry. The sulfur can be obtained by 

mining and recovering at petroleum refineries and natural gas processing plants. Currently, recovered sulfur 

production has been increasing globally with increase petroleum consumption. Recovered sulfur production is 

more than the demand for the sulfur, which the sulfur industry confronting what they can do with all sulfur 

produces with environmental regulations continues to increase. Most of the sulfur industry stockpiled the elemental 

sulfur as waste and cost the sulfur industry for storage [4].    

Elemental sulfur is not toxic for humans, but sulfur can be derivate to effective materials that negatively impact 

human health, damage animals and the environment. Sulfur dioxide and hydrogen sulfide are the most common 

sulfur derivatives. The most common applications for sulfur in the industry are sulfuric acid production, 

agricultural chemicals (phosphoric acid and phosphate fertilizers), chemical and industrial (Hydrofluoric acid and 

titanium dioxide), construction industry (asphalt, corrosion resistance material, and sulfur concrete), petroleum 

alkylation, pulp and paper, waste management (sulfur concrete), and pharmaceutical industry. One of the main 

objectives for the present study is waste management for sulfur in the chemical industry and recycled to use in the 

construction industry in the form of sulfur concrete (SC). There is several Sulfur polymer concrete (SPC), also 

called modified sulfur concrete (MSC), which mixes local materials with cement for more durable properties and 

stability and feasibility [2], [4]–[7]. 

Sulfur concrete (SC) is highly durable to replace construction materials, especially traditional cement. SC has 

revealed high resistance against harsh environments like acid and salt environments compared to traditional 

cement. Additionally, SC has several useful characteristics than traditional cement, such as compressive, tensile, 

and flexural strength, and exhibits low absorption and permeability for water [3], [7]–[9].  

There are many trails of concrete rated on using the waste product to add it to construction materials. In the past 

decades, several research were debated reducing energy and carbon dioxide emission from raw construction 

materials. The majority of studies were derived to minimize the environmental impacts by replacing raw materials 

with waste materials [1, 3, 10]. 

Sulfur concrete is one of the most significant technologies that using sulfur as a raw material in construction. 

Sulfur concrete has numerous advantages compared to traditional concrete. The advantages are fast curing, waste 

management, the possibility of recycling, quick setting time, high resistance to acid and radiation, low electrical 

thermal conductivity, low absorption, and low permeability [6–8, 11, 12]. Elemental has inherently numerous 

numbers of various effective modification because of high ability of its atoms to bond with other atoms [7, 8, 11, 

13–15]. 

In the past, several works investigated the impact of sulfur concrete on the environment. The prime findings were 

the sulfur concrete was adequately safe for the environment. It is still a big deal to do more exploration due to this 

material is environmentally friendly [16, 17]. 

In fact, sulfur has been used as a binder in composite construction material. Sulfur cement displayed a considerable 

improvement for durability and stability of cement. Sulfur cement exhibited high resistance to an aggressive 

environment, quick curing, good strength resistance, and low water permeability [11, 12, 18]. Despite, sulfur 

cement failed to improve the mechanical properties. Researchers have been inspired to enhance the mechanical 

properties of sulfur cement and overcome these drawbacks using polymers materials. Modified sulfur concrete 

exhibits outstanding enhancement for mechanical and durability properties of concrete [7, 19, 20]. Modified sulfur 

concrete is a thermoplastic material consist of aggregates, sulfur cement, and additives. Recently, modified sulfur 

concrete by additives like polymers have been investigated. Polymers shows a significant change in physio-

chemical characteristics of sulfur concrete by reducing crystallization process of sulfur [5, 13, 21]. Consequently, 

cause stabilization of polymer structure. Furthermore, modified sulfur concrete contributes to apply recycled waste 

plastic materials and managed to reduce the amount of pollution and develop durable products [1, 3].  
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It is valuable to produce more research on sulfur concrete modification conduct to apply waste material. A major 

problem of traditional concrete has been contributed to 7% of carbon dioxide emission worldwide. There is still 

need for more research to reduce traditional cement production by using byproduct materials. Moreover, a 

challenging area in the field of obtaining a modification for sulfur concrete using waste materials. In addition, a 

few researchers have addressed the characteristics of modified sulfur concrete using different additives and fillers 

on the mechanical and durability properties of concrete. 

This research is a preliminary attempt to broaden the current knowledge of sulfur concrete. The aim of this project 

to evaluate the durability of modified sulfur concrete compared to traditional concrete. Furthermore, investigate 

the mechanical strength for modified sulfur concrete immersed in acidic and saline environments. Meanwhile, the 

process applies an industrial by-product of petroleum as sulfur. In addition, waste materials (PET) were used as 

additives and mineral materials (fly ash) as a filler. Mechanical and durability properties are examined to identify 

impact of modified sulfur in the developed concrete. 

2. Experimental Procedure 

2.1. Materials 

Essential materials have been used to prepare alternative concrete than traditional concrete as aggregate, sand, 

modified sulfur, and fillers. Furthermore, aggregate, sand, water, and traditional cement were applied for 

traditional concrete. 

2.2. Aggregate and Sand 

Aggregate with 9mm size obtained by sieving locally available mixture of sand and aggregate was used. Sand with 

maximum grin size 1mm that obtained by sieving local sand gotten from southern of Iraq. 

2.3. Sulfur 

Elemental sulfur was applied as a binder in concrete production. Elemental sulfur is widely considered to be the 

most important due to the high ability of its atoms to bond with other atoms. There are two different sources for 

sulfur to be obtained by mining as a natural source and byproduct from industrial activities such as petroleum 

refineries, and natural gas.  

In the petroleum section, sulfur forms approximately 1-3% of crude oil. Due to the environmental regulations that 

restricted the release of sulfur dioxide into the atmosphere thus, further elemental sulfur production accumulated 

as a waste in the refineries. Elemental sulfur acquired from Iraqi petroleum refineries was used as a binder in 

concrete. 

2.4. Fly Ash 

Fly ash was added as a filler to the sulfur concrete. Fly ash was chosen as a filler due to the high accumulation in 

the power station as waste. The characteristics of fly ash that collected from the southern power station of Iraq, as 

shown in Table 1. 

Table (1). Fly ash characteristics (Southern power station of Iraq) 

Element Ratio% Element Ratio% 

Fe 5.26 Pb 0.06 

Mn 0.45 Cu 1.17 

Zn 1.74 Si 0.22 

Mo 0.5 Zr 0.46 

V 7.15 Ni 2.03 

 

 

2.5. Mixing and Casting 

The key parameter to have a good sulfur concrete mixture is controlling the temperature during mixing and casting. 

The temperature of mixtures is 130°c with variation allowances ±5°c. 
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2.6. Preparation 

The most important steps that need to be prepared before start mixing as below: 

 Heating fly ash, aggregate, and sand before mixing them at 170 to 200°c for at least 2 hrs. 

 Heating sulfur with polymer to at 130-140°c with mixing. 

 Preheating moulds to mixing temperature. 

2.7. Mixing and Procedure                             

 Add the preheated fly ash to the melted sulfur at controlled temperature between 130-140°c with mixing for 

30 mins. 

 Add the modified sulfur to the mixture with mixing for 10 mins. 

 Cast the batch on the preheated moulds 

 Wait for 24hrs to demould the mixture. 

2.8. Mixing Proportions 

The tables below (2 and 3) display all mix designed in this project: 

Table (2). Mix design 1. 

Materials 
Amount 

(kg) 

Percentage 

(-) 

Coarse aggregate 9 45 

Fine aggregate 6 30 

Cement 3 15 

Water 2 10 

 

Table (3). Mix design 1. 

Materials 
Amount 

(kg) 

Percentage 

(-) 

Sand 6.15 41 

Fine aggregate 6 40 

Sulfur 1.875 12.5 

Modified sulfur 0.18 1.2 

Fly ash 0.795 5.3 

 

3. Results and Discussion 

3.1. Durability at Normal Environment 

Mechanical strength is defined as the ability to withstand the stress of physical forces. A compressive strength 

value represents the most crucial test to investigate the durability of concrete to withstand the physical forces. A 

(name of the instrument that measures compressive strength) was used to measure the compressive strength with 

different samples. Figure (1) displays the device that measures compressive strength named SEMATRON. 
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Figure (1).  Photo of the device that measures compressive strength. 

There was a significant difference between traditional and sulfur concrete in terms of compressive strength. It was 

found that the compressive strength value for sulfur concrete much higher than traditional concrete. Figure (2) 

provides the results obtained from experimental data of compressive strength. The results revealed minimum 

increase percentage of compressive strength for sulfur concrete compared to traditional concrete was 10.87% on 

day 21. Whereas the maximum increase percentage was 22.5% on day 7. The main reason for enhancing the 

compressive strength for sulfur concrete is the physical and chemical properties of added fillers, modified 

materials, and other components. On the other side, the impact of time on the compressive strength can be 

demonstrated, as shown in Figure (2). This study observed that time has a more negligible effect on sulfur concrete 

than traditional concrete. The results indicated a 6.12% increase in compressive strength for sulfur concrete after 

60 days, while the 12.5% increase for traditional concrete. Thus, the curing for sulfur concrete faster than 

traditional concrete and reach stability quicker.  The increased percentage was calculated from in equation (1):  

𝑰𝒏𝒄𝒓𝒆𝒂𝒔𝒆 % = [
𝑭𝒊𝒏𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 −𝑰𝒏𝒊𝒕𝒊𝒂𝒍 𝒗𝒂𝒍𝒖𝒆

𝑰𝒏𝒊𝒕𝒊𝒂𝒍 𝒗𝒂𝒍𝒖𝒆
] × 𝟏𝟎𝟎               (1) 

 

Figure (2). Compressive strength vs time at normal environment. 
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3.2. Durability in the Aggressive Environment  

It is known that there are many applications for concrete such as industry, sewer, dump, etc. The concrete might 

be exposed to different environments (acid or base environment) that need to be strong and highly resistant to all 

conditions. This study investigated the durability of traditional and sulfur concrete by immersing the concrete in 

an aggressive environment like 10% HCL and 3% NaCl within 60 days. A compressive strength has been 

measured, and mass loss evaluates the strong resistance and durability of concrete.     

3.3. Compressive Strength 

Figure (3) illustrates that there has been a sharp drop in the number of compressive strengths in traditional concrete 

after only seven days of immersion in 10% HCl. In contrast, sulfur concrete reflected a steady-state and stability 

immersion in 10% HCl. Additionally, time immersion in the 10% HCl is a crucial factor for traditional concrete. 

At the same time, it is a negligible factor for sulfur concrete, which is considered an advantage to obtain high 

strength quickly. To sum up, sulfur concrete was higher strength resistance compared to traditional concrete. Sulfur 

concrete is recommended to use in industrial sites and acidic and saline environments. 

 

Figure (3). Compressive strength vs time immersed in 10% HCl. 

 

3.4. Mass Loss Percentage 

It is also worth noting that mass loss is significantly more frequent in investigating the stability of concrete in 

aggressive environments. Traditionally, mass loss has been assessed by measuring the initial and final weight after 

specific immersion days. Mass loss % was calculated according to equation (2) as shown below: 

𝐌𝐚𝐬𝐬 𝐋𝐨𝐬𝐬 (%) = [
𝐈𝐧𝐢𝐭𝐢𝐚𝐥 𝐖𝐞𝐢𝐠𝐡𝐭−𝐅𝐢𝐧𝐚𝐥 𝐖𝐞𝐢𝐠𝐡𝐭

𝐈𝐧𝐢𝐭𝐢𝐚𝐥 𝐖𝐞𝐢𝐠𝐡𝐭
] × 𝟏𝟎𝟎                                (2) 

The data in Figure (4) demonstrated that the traditional concrete reported significantly more mass loss% than the 

sulfur concrete. The findings of this study observed that the mass loss% for traditional concrete noticeably 

increased compared with sulfur concrete. In contrast, sulfur concrete displayed high stability and mass loss less 

influences by the 10% HCl environment. The minimum mass loss% between sulfur and traditional concrete was 

8% after only 7days, while the maximum was 21% after 60 days. Furthermore, the effect of time considerably 

indicated on mass loss% within traditional concrete in 10% HCl. The maximum mass loss% was found 

approximately 75% between days 21 and 60. To be concluded, sulfur concrete revealed a high resistance in 10% 

HCl compared to traditional concrete, making the sulfur concrete dominant in acidic environments. 
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Figure (4). Mass loss % vs time immersed in 10% HCl. 

3.5. Immersion in 3% NaCl 

The durability of traditional and sulfur concrete in saline environments was assessed within traditional and sulfur 

concrete immersion in 3% NaCl for 60 days. Compressive strength and mass loss % were used to test the durability 

for both types of concretes.  

3.6. Compressive Strength 

Other observations suggest that the compressive strength test demonstrates the concrete resistance forward the 

saline environments. The findings detected that the compressive strength fairly stable for sulfur concrete immersed 

for 60 days in 3% NaCl. Meanwhile, the traditional concrete revealed a sharp decrease in compressed strength 

immersed for 60 days in 3% NaCl. Figure (5) shows a considerable improvement in resistance for sulfur concrete 

compared to the traditional concrete reached 444%. In addition, time was a crucial factor with traditional concrete 

and ineffective with sulfur concrete, as seen in Figure (5). To conclude, the sulfur concrete is more resistant and 

own high stability with the time that gives the dominancy to use in the saline environments. 
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Figure (5). Compressive strength vs time immersed in 3% NaCl. 

3.7. Mass Loss  

Figure (6) displays the experimental data on mass loss % for traditional and sulfur concrete in saline environments. 

It can be seen from the data in Figure (5) that the traditional concrete reported significantly more mass loss % than 

the sulfur concrete. The difference in mass loss percentage between the two concretes was reached approximately 

66.7 to 88.23%. Strong evidence of sulfur concrete was highlighted to reduce mass loss % immersed in 3% NaCl 

as shown in Figure (6). 

 

Figure (6). Mass loss % Vs time immersed in 3% NaCl. 
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4. Conclusions 

Durability parameters were investigated in different types of concretes (traditional and sulfur concrete). The results 

revealed that sulfur concrete plays a significant role in the resistance strength in aggressive environments. 

Furthermore, the sulfur concrete clearly impacted the compressive strength and mass loss percentage in acidic and 

saline environments. Furthermore, a considerable effect for the time on the traditional concrete is displayed in this 

study. The main finding can be concluded as follow: 

1. The sulfur concrete displayed a high efficiency using recycled sulfur elements, polymers as modifier, and filler 

materials. The sulfur concrete technique is promised technique to apply in aggressive environments, and it is 

a friendly technique that uses recycled materials. 

2. The impact of polymer and fly ash on the resistance strength was significantly observed. There is a 

considerable increase in the magnitude of sulfur concrete compared to traditional concrete, while a noticeable 

reduction in the mass loss percentage for sulfur concrete compared to the traditional concrete. 

3. The time influenced significantly with the traditional concrete on the resistance strength. Compared to 

traditional concrete, the high magnitude for compressive strength to the sulfur concrete displayed a 

considerable enhancement in the resistance strength.  

According to the findings of the present work, additional investigation on the types of polymer characteristics 

needs to be developed, which will help better understand the sulfur concrete. Furthermore, study the effects of 

adding different fillers and aggregate size on the chemical and mechanical strength using sustainable materials is 

strongly recommended for extended the basic information. 
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