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Abstract:  
 

In recent years, there has been a significant increase in studies aimed at utilizing waste 

materials in the production of sustainable building materials. In this context, geopolymer 

concrete, an environmentally friendly and durable alternative, has emerged as a 

promising construction material for the reuse of waste materials. This study investigates 

the potential use of barite waste in the production of geopolymer concrete. In the 

experimental studies, the water/binder ratio, sodium silicate, sodium hydroxide, and 

ground granulated blast furnace slag were kept constant, while barite waste was added at 

rates of 10%, 20%, and 30% in place of the sand used as aggregate. The effects of 

different proportions of barite waste on the flexural and compressive strength of 

geopolymer concrete were examined. The results revealed that an increase in barite 

content provided a partial improvement in mechanical properties. The highest 

compressive strength was recorded as 67.10 MPa in the sample containing 20% barite. 

As a result, it has been revealed that barite waste can be used as a potential building 

material in the development of environmentally friendly and durable building materials. 

Accordingly, further studies are recommended to explore different combinations 

containing barite waste. 

 

1. Introduction 
 

Today, the environmental problems arising from the 

harmful effects of global warming are largely 

associated with energy consumption. In this context, 

concrete—which accounts for a significant portion 

of energy use—stands out as one of the most widely 

used construction materials worldwide, with 

Portland cement (PC) as its primary binder [1,2]. 

However, the production of Portland cement has 

significant environmental impacts, primarily due to 

the calcination of limestone and the combustion of 

fossil fuels, together contributing to approximately 

7–8% of global CO₂  emissions. [1,2,3,4]. This 

situation necessitates the development of alternative 

binder systems that require less energy, emit lower 

amounts of CO₂ , and possess similar engineering 

properties. 

 
Recent studies show that industrial wastes such as 

fly ash, blast furnace slag, silica fume and rice husk 

ash can be utilized in concrete production to increase 

the strength properties and contribute to 

sustainability [5,6]. By using such materials, both 

waste disposal and cement consumption can be 

reduced. However, these solutions are not sufficient 

for binder materials with a wide range of 

applications and high-performance expectations. 

Therefore, the need for a new generation of building 

materials that can be produced without the use of 

cement, have low environmental impact and are 

competitive in terms of performance is increasing 

day by day [7,8]. In this direction, geopolymers are 

among the innovative materials that have attracted 

attention in recent years with their environmentally 

friendly structures, high mechanical strength and 
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sustainability potential. First defined by Davidovits 

(1978), geopolymers are inorganic polymer binders 

obtained by alkaline activation of pozzolanic 

materials containing silicon and aluminium oxide 

[9]. These materials, which have a much lower 

carbon footprint compared to conventional PO, also 

allow for the recycling of industrial and mining 

wastes, reducing the use of natural resources and 

contributing to waste management processes. 

Especially materials with suitable chemical and 

physical properties such as blast furnace slag and 

barite beneficiation wastes are among the important 

alternative raw materials that can be evaluated in 

geopolymer production [10,11]. The direct use of 

barite material in concrete increases the density of 

concrete and improves its physical properties as 

reported in the literature [12,13,14]. This study 

investigates the production and performance of 

waste barite and blast furnace slag substituted 

geopolymer mortars and concretes for the 

conversion of industrial wastes into sustainable 

construction materials. The main objective of the 

study is to determine the physical and mechanical 

properties of these geopolymers produced by 

alkaline activation method, especially to 

comparatively evaluate the effects of concrete age (7 

and 28 days) on flexural and compressive strength. 

In this context, waste barite obtained from Mining 

facilities located in Şarkikaraağaç district of Isparta, 

which is approximately 30,000 tons per year, were 

used. The findings suggest that the use of waste 

barite in the production of geopolymer concrete not 

only contributes to the disposal of environmental 

waste but also offers an important alternative for 

reducing carbon emissions by reducing the use of 

cement. 

 

2. Material and Methods 
2.1 Material 

 

The alkali activators used in this study (NaOH and 

Na₂ SiO₃ ) were supplied by Yenilab Laboratory 

and Educational Materials Chemistry Industry and 

Trade Co. Ltd., and their technical specifications are 

provided in Table 1. The waste barite used in this 

study was obtained from the barite mine facilities of 

located in the Şarkikaraağaç district of Isparta 

Province. The sample was sieved according to 

standard sand granulometry before being used in the 

experiments. The chemical composition of the waste 

barite was determined, and the analysis results are 

presented in Table 2. In addition, blast furnace slag, 

a by-product of the Karabük Iron and Steel Factory 

[15], was ground to cement fineness and utilized 

within the scope of the study. Pure water was used 

in the preparation of mortars.  Polycarboxylate based 

super plasticizer was added at the rate of 0.7% of the 

total amount of binder to 

 
 Table 1.  Chemical and physical properties of alkali 

activators. 

Property 
Sodium 

Hydroxide 
Sodium Silicate 

Chemical Formula NaOH Na2O7Si3 

Molecular Weight 40.00 g/mol 242.23 g/mol 

Appearance White Solid Colorless Liquid 

pH 14 11-12.4 

Density 2.13 g/cm3 1.3-1.5 g/cm3 

 
 

Table 2. Chemical properties of waste barite and blast 

furnace slag 
Chemical 

Component 

Waste 

Barite (%) 

Blast Furnace 

Slag (%) 

SiO2 35.66 35.0-45.0 

BaO 17.20 - 

Al2O3 13.71 9.0-13.0 

CaO 4.45 30.0-40.0 

Fe2O3 3.40 0.1-3.5 

K2O 3.11 0.5-2.0 

SO3 6.19 - 

S - 0.5-1.5 

MgO 1.13 6.0-8.5 

Others 1.81 3.45 

LOI 13.34 - 

 

ensure that the mortar mixtures could be placed in 

the molds without voids. Standard sand with a 

density of 2.56 g/cm³ and conforming to TS EN 196-

1 CEN standard [16] was used in the production of 

the specimens. The granulometric properties of the 

standard sand used are presented in Table 3. 

 
Table 3.  Granulometry of standard sand (TS EN 196-1) 

Sieve Aperture 

(mm) 

Cumulative Remaining in 

Sieve (%) 

2.00 0.00 

1.60 7 ± 5 

1.00 33 ± 5 

0.50 67 ± 5 

0.16 87 ± 5 

0.08 99 ± 1 

 

Technical specifications given in Table 1 were 

obtained from the manufacturer. Sodium hydroxide, 

one of the alkaline activators, was obtained as solid 

and made into aqueous solution at the desired 

molarity value (16 mol) in the laboratory 

environment. Sodium silicate was obtained directly 

as aqueous solution and used without any treatment. 

 

2.2 Methods 
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Within the scope of this study, environmentally 

friendly geopolymer concrete production was 

realized by using waste barite at the rates of 10%, 

20%, 30% instead of standard sand. The amounts of 

materials used in the study are given in Table 4. In 

this study, the contribution of temperature curing to 

the geopolymerization process and its effects on the 

disposal of waste materials were comparatively 

investigated in terms of flexural and compressive 

strength values. The specimens were cured in an 

oven at 60 °C for 24 hours for temperature activation 

and the effects of this process were evaluated. 
 

Table 4.  Mixture composition data (kg/m³) 

Specimens SS/SH 
SS* 

(g) 

SH* 

(g) 
Blast Furnace 

Slag (g) 

Waste Barite 

(g) 

Standard 

Sand (g) 

Plasticizer 

(g) 

G 2.78 320.5 115 600 0 1350 3 

GWB10 2.78 320.5 115 600 160 1215 3 

GWB20 2.78 320.5 115 600 352 1188 3 

GWB30 2.78 320.5 115 600 481 945 3 

*SS: Sodium silicate solution 

*SH: Sodium Hydroxide solution (16 mol) 

Geopolymer concrete mixtures were prepared in 

accordance with the proportions specified in Table 

3. During the mixing process, the liquid components 

sodium hydroxide (SH), sodium silicate (SS), and 

superplasticizer were first mixed until a 

homogeneous solution was obtained. Subsequently, 

the solid components, including ground granulated 

blast furnace slag, waste barite, and standard sand, 

were thoroughly mixed. The resulting solid mixture 

was then gradually added to the liquid mixture and 

blended in a 5 liter mortar mixer until a uniform 

consistency was achieved. 

After the mixture reached the desired homogeneity, 

the casting process was carried out by applying 

vibration to the previously prepared molds and 

placing them in three stages. The mold, waste barite 

and bending test used in the study are shown in 

Figure 1.  
 

 
Figure 1. Produced geopolymer concretes 

 

Three specimens were produced for each series 

containing different proportions of waste barite. The 

geopolymer concrete mixtures prepared within the 

scope of the experimental study were placed in 

40×40×160 mm prism molds with the help of 

vibration for flexural and compressive strength tests 

in accordance with TS EN 196-1 standard [16]. 

After temperature activation, various physical and 

mechanical tests were performed on the specimens 

that gained strength on the 7th and 28th days (Figure 

2). Within the scope of the experimental study, the 

changes in the physical and mechanical properties of 

the specimens such as density, flexural strength and 

compressive strength were analyzed comparatively. 

The relationships between the data obtained were 

evaluated using statistical methods.  

 

 
 

Figure 2. Flexural and compressive strength testing of 

specimens 

 

 

3. Results and Discussions 
 

Within the scope of the study, the densities of the 

specimens made with waste barite used instead of 

sand at different ratios were investigated. The 

specimens were cured in an oven at 60°C for 24 

hours and then the density (air dry) values were 

measured. In the analysis, a linear relationship was 

observed between the proportion of waste barite and 

sand and density, and the accuracy of this 

relationship was statistically proven with a very high 

R² value of 0.9993 (Figure 3). The results have been 

shown that the density of the samples changes 

significantly as the waste barite content increases 

and this change is predictable. 

In the subsequent stages, the flexural and 

compressive strengths of the specimens on the 7th 

and 28th days were examined. The results presented 

in Figure 4 and 5 show the strength properties of the  
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Figure 3. Relationship between waste barite/sand ratio 

and density. 

 

specimens containing different proportions of waste 

barite at both time intervals. In the mechanical tests 

performed on both the 7th and 28th days, no 

significant change was observed in the strength 

values depending on time. However, the relationship 

between the specimens was consistent in both 

measurements, confirming each other and yielding 

coherent results. Despite the statistically 

insignificant changes, it was determined that the use 

of waste barite at different proportions had a notable 

effect on the mechanical properties of the specimens.  

 

 
 

Figure 4. Flexural strengths of the specimens at 7 and  
 

There are small differences in the flexural strengths 

of the samples, but the flexural strength that is 

relatively higher than the others is measured as an 

average of 4.94 and 4.97 MPa for the 7-day and 28-

day samples with 20% waste barite added, 

respectively. The lowest strength was recorded as 

approximately 4.62 and 4.82 MPa for the control and 

10% samples. 

In the compressive strengths, more noticeable 

differences are observed. The average compressive 

strength for the 7-day and 28-day samples with 20% 

waste barite added was measured as 66.4 and 67.10 

MPa, respectively, while the lowest strength was 

recorded as approximately 58.5 and 59.0 MPa for the 

control and 10% samples. 

 

 
 

Figure 5. Compressive strengths of the specimens at 7 

and 28 days 

 

4. Conclusions 
 

The mechanical tests conducted on the 7th and 28th 

days, no significant change was observed in the 

strength values depending on time depending on the 

days. 

In this study, where waste barite aggregate was used 

in different proportions instead of standard sand, it 

was physically observed that the increase in the 

waste barite aggregate percentage increased the 

density of geopolymer concrete, while it caused 

micro cracks in mixtures containing 30 percent 

waste barite. The highest flexural and compressive 

strengths were obtained in samples containing 20% 

waste barite. 

The obtained flexural and compressive strength 

results are consistent with each other and show that 

the appropriate use of waste barite aggregate has the 

potential to improve the mechanical properties of 

geopolymer concrete. 

In this context, future studies that include different 

mole ratios, various curing conditions and the use of 

different waste materials in geopolymer concrete 

production can contribute significantly to the 

literature by increasing the sustainability of the 

material. 
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