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ABSTRACT 

In recent years, geopolymer has been introduced as a novel and green alternative to the Portland cement. 

Compressive strength is considered as one of the important characteristics of concrete. In geopolymer 

concretes, according to the ingredients, several factors have been identified as important parameters 

affecting the compressive strength. Hence, in this experimental research, several factors affecting the 

compressive strength steel slag-based geopolymer concrete including: the type of alkaline activator 

solution, the weight ratio of water to solid material participated in geopolymerization, sodium hydroxide 

concentration, the weight ratio of alkaline activator solution to aluminosilicate source and sodium silicate 

to sodium hydroxide weight, were studied. The obtained results indicated that using potassium hydroxide 

and potassium silicate as an alkaline activator solution, result in higher 28-day compressive strength of 

compare to sodium-based alkaline activator solution. On the other hand, using sodium hydroxide and 

sodium silicate as an alkaline activator solution, result in higher 3- and 7-day compressive strengths and 

also, faster hardening. Furthermore, increasing the weight ratio of water to solid material result in 

significant decreasing geopolymer concrete compressive strength. Also, compressive strength is increases 

with increase in concentration of sodium hydroxide up to 14 M, but for 16 M, there is no remarkable changes 

in compressive strength. The optimum ratio of alkaline activator solution to steel slag and sodium silicate 

to sodium hydroxide was measured 0.5 and 1.5, respectively. 

 

Keywords:  

Geopolymer Concrete, Steel slag, Compressive Strength, Alkaline Activator Solution, Factors Influencing 

Compressive Strength. 

 

1. Introduction 

Concrete is the most widely used material after water due to its special features including 

formability and availability of raw materials. But production of Ordinary Portland Cement (OPC), 

as the main component of concrete has major environmental disadvantages, including high energy 

consumption, natural resources exhaustion and carbon dioxide (CO2) emissions [1]. Production of 

1 ton of OPC releases approximately 0.73-0.99 ton of CO2 into the environment [2]. Furthermore, 

OPC production is accounted for 7% of global CO2 emissions [3]. On the other hand, climate 
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change due to global warming is one of the most serious environmental issues that has been 

receiving great attention in recent years. Greenhouse gas emissions is the main contributing factor 

to global warming, with CO2 having the greatest share (65%) among other greenhouse gases [4]. 

Therefore, developing an appropriate alternative to OPC is of great importance.  

In recent years, geopolymers have been introduced as environmentally friendly cementitious 

materials capable of reducing the negative environmental impacts associated with OPC [5]. In 

1978, Geopolymers were first introduced by Davidovits, as a new class of binders belonging to 

inorganic polymers [6]. Geopolymers are inorganic aluminosilicate materials comprised of two 

main constituents: a raw material rich in SiO2 and Al2O3 and an alkaline activator solution [7]. 

Regarding civil engineering applications, Geo-Polymer Concrete (GPC) possesses better chemical 

and mechanical properties compared to Portland Cement-based Concrete (PCC), such as higher 

mechanical strength and rapid hardening [8-11], higher resistance to elevated temperatures and fire 

[11-14], low permeability and resistance against salts and acids and  chloride penetration depth 

[15,16], and lower creep effects [17,18]. 

The alkaline activator solution playing an important role in the formation of crystalline structures 

of Si and Al, which is typically a combination of sodium hydroxide (NaOH) or potassium 

hydroxide (KOH) and sodium silicate (Na2SiO3) or potassium silicate (K2SiO3). However, the most 

widely used alkaline solution is a combination of NaOH and Na2SiO3 [19]. The raw material, also 

known by other names such as aluminosilicate source, geopolymerization source and source 

material, plays the most important role in Geopolymer Cement (GC) and determines the technical 

properties of GPC, as the supplier of Si and Al. The raw material, depending on required 

characteristics, cost and availability, can be of natural origin (e.g. Zeolite), synthetic (e.g. 

metakaolin) or waste materials (e.g. fly ash or Granulated Ground Blast Furnace Slag (GGBFS)) 

[20]. 

On the other hand, millions of tons of waste and by-products are produced annually by various 

industries in the world, which often cause environmental pollution.  Managing of these waste 

materials or by-products is a difficult task due to their high volume. However, usage of industrial 

by-products or waste materials in GPC not only helps to reduce environmental pollution, but also 

leads to efficient waste management [1]. One of these sectors, which is also the subject of this 

research, is the steel industry. This important and necessary industry, along with the production of 

steel products, also produces waste, which is called steel slag. During the production of steel, 

impurities in iron ore create a by-product called slag. Slag is a mixture of silicates and complex 

metal oxides that remain as an impurity after cooling. Chemically, the components of slag are lime, 

silica and alumina. The chemical composition of slag depends on the composition of the iron ore 

mine and the impurities in the limestone added to the furnace. In the process of steel production, it 

is impossible to reduce and remove slag, so slag recycling is of particular importance. Depending 

on the type of oxide content, processing and formulation, steel slag can be used as a cement material 

to produce slag Portland or polymer cement. 

Considering the important role of alkaline activator solution in geopolymer cement, it seems 

necessary to study the role and effectiveness of different alkaline activator solutions. In 

consequence, various research has been done by researchers in this field, some of which are briefly 

discussed below. In early research on geopolymers by Davidovits [21], NaOH or KOH solution 

without silicate solution was used as the alkaline activator solution. They concluded that in this 

type of alkaline activator solution, KOH provides better results. While Palomo et al [22] compared 

NaOH and KOH in alkaline activators without silicate solution and concluded that using NaOH 

subjects to better results. Cheng et al [14] found in their research that alkaline activator solution 

plays an important role in the polymerization reaction and adding a silicate solution such as 
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Na2SiO3 or K2SiO3 to NaOH or KOH solution can help increase the reaction rate and achieve better 

results. They also found that using a solution of NaOH and Na2SiO3 had better results than by 

means of a solution of KOH and K2SiO3. 

Rashed [23] decided in a study on geopolymers that in general, in most cases, the compressive 

strength of GPC is increased through enhancing the concentration of NaOH solution to a certain 

concentration. In a study on metakaolin-based GPC, Moradikhou et al [1] used a combination of 

NaOH and Na2SiO3 as an alkaline activator solution and concluded that increasing the 

concentration of NaOH to 14M subjects to enhance the compressive strength of concrete. However, 

further proliferation in concentration up to 16M causes no significant change in compressive 

strength. This is while, in a similar study, Patel et al [24] concluded that increasing the 

concentration of NaOH solution to 12M in metakaolin-based GPC increases the compressive 

strength, and increasing the concentration to more than 12M decreases the compressive strength. 

Regarding the weight ratio of silicate to hydroxide solution, Hardjito et al [25] mulled over the 

GPC based on Class F fly ash and reported that the optimal weight ratio of Na2SiO3/NaOH solution 

was equal to 2.5 when using NaOH solution with a concentration of 14M. While Moradikhou et al 

[1] did the similar study on GPC based on class F fly ash and determined that the optimal weight 

ratio of Na2SiO3/NaOH solution in the case of 14M NaOH solution is 1.5. 

According to the aforementioned points, in this research several parameters affecting the 

compressive strength of geopolymer concrete based on steel slag include: type of alkaline 

activating solution, concentration of sodium hydroxide solution, weight ratio of alkaline activator 

solution to aluminosilicate source, weight ratio of sodium silicate solution to sodium hydroxide 

and the amount of water were studied. 

 

2. Materials and Methods 

2-1-Materials 

Table 1 summarizes the physical and chemical properties of the steel slag used. NaOH with 98% 

purity, KOH with 90% purity, liquid Na2SiO3 and liquid K2SiO3, were used to prepare the alkaline 

activator solutions. The chemical analysis of these 4 substances is illustrated in Table 2. The 

aggregates were obtained from quarries around Tehran. Aggregates with granular sizes of 7-10 mm 

was used as coarse aggregate (sand), and < 4.75 mm sized aggregates were used as fine aggregate. 

Fine and coarse aggregates were sieved according to ASTM C33 [26]. SSD specific gravity and 

water absorption tests were conducted on the coarse and fine aggregates using the ASTM C127 

[27] and ASTM C128 [28] procedures, respectively, and gathered in Table 3. The fineness modulus 

(using ASTM C136 [29]) and sand equivalent (using ASTM D2419 [30]) values of the fine 

aggregates were measured equal to 3.01 and 73, respectively. To reduce water content and improve 

workability of concrete, polycarboxylate-based Super Plasticizer (SP) with a specific gravity of 1.1 

g/cm3, was incorporated. The tap water of Chabahar city was used. 
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Table 1. Chemical properties of steel slag  
Unit Result Content 

% 30.1 SiO2 

% 9.8 Al2O3 

% 37.4 CaO 

% 14.8 Fe2O3 

% 10.1 MgO 

% 0.3 K2O 

% 0.2 Na2O 

% 1.5 MnO 

% 1.2 SO3 

% 1.4 P2O5 

% 2.3 L.O.I 

- 3.07 SiO2/Al2O3 

 

Table 2. Chemical analysis of NaOH, KOH, Na2SiO3 and K2SiO3 solutions 
K2SiO3 Na2SiO3 KOH NaOH 

Unit Result 
Chemical 

substance 
Unit Result 

Chemical 

substance 
Unit Result 

Chemical 

substance 
Unit Result 

Chemical 

substance 

% 30.50 SiO2 % 30.00 SiO2 % 90.7 KOH % 98 NaOH 

% 14.50 K2O % 14.50 Na2O % 0.2 K2CO3 % 1 Na2CO3 

% 55 Water % 55.50 Water % 0.006 NaCl ppm 200 NaCl 

- 2.1 ROM** - 2.06 ROM* ppm 0.2 Fe ppm 6 Fe 

Clear liquid Appearance Clear liquid Appearance % 0.6 NaOH ppm 15.7 SiO2 

**ROM: ratio of model 
(SiO2/K2O) 

*ROM: ratio of model 
(SiO2/Na2O) 

White flake Appearance White flake Appearance 

 

Table 3. Specific gravity and Water absorption of aggregates 

Water absorption (%) 
SSD Specific gravity 

(gr/cm3) 
Material 

1.3 2.62 Coarse aggregates 

3.2 2.59 Fine aggregates 

 

 

2-2-Mix Design 

2-2-1- Alkaline Activator Type 

In this section, in order to investigate the effect of alkaline activator solution type on GPC 

compressive strength, two different types of alkaline activator solution were inspected, including: 

1-SN: Na2SiO3 + NaOH  

2-SK: K2SiO3 + KOH  

Table 4 shows the selected mixing designs. To manufacture GPC specimens, initially, the alkaline 

activator solution, constituting of NaOH, KOH, Na2SiO3, K2SiO3,SP and the extra water (according 

to each mix design) are combined and allowed to cool for 24 hrs. In the mixing process, the 

aggregates and steel slag were first dry mixed in the mixer for 2 minutes. Next, the alkaline 

activator solution was added and the concrete was mixed for a further 2 minutes. Subsequently, 

three compressive (100x100x100 mm cubes) specimens (for each mix design) were molded and 

vibrated for 10 seconds on a vibrating table. Thus, the specimens were allowed to rest at laboratory 

ambient temperature. The specimens were subjected to the 3-, 7- and 28-day compressive strength 

test according to BS1881: Part116 [31]. 
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Table 4. Mix designs related to the type of alkaline activator (kg/m3) 

Extra 

water 
SP 

Coarse 

aggregates 

Fine 

aggregates 
K2SiO3 Na2SiO3 KOH 14M 

NaOH 

14M 
Steel slag Mix ID 

0 8 850 850 - 120 - 80 400 SN 

0 8 850 850 120 - 80 - 400 SK 

 

2-2-2- Extra Water 

In this part, the effect of extra water content on compressive strength of GPC based on steel slag 

was studied. In Table 5, four mix designs with different amounts of extra water is presented. In the 

defined mix designs, extra water content values equal to 0, 10, 20 and 30 kg/m3 are considered. It 

should be note that based on the results from previous sections, NaOH+Na2SiO3 was selected as 

the alkaline activator solution. Similar compressive specimen production and testing procedure as 

Section 2-2-1 is followed. 

 
Table 5. Mix designs related to the extra water content (kg/m3) 

Extra 

water 
SP 

Coarse 

aggregates 

Fine 

aggregates 
Na2SiO3 NaOH  Steel slag Mix ID 

0 8 850 850 120 80 400 S0 

10 8 850 850 120 80 400 S10 

20 8 850 850 120 80 400 S20 

30 8 850 850 120 80 400 S30 

 

2-2-3- Concentration of NaOH 

In this section, four mix designs were defined to optimize the NaOH solution effect on GPC 

compressive strength, as detailed in Table 6. The extra water content of the mix designs was set 

equal to 10 kg/m3, as obtained from Section 2-2-2. Similar compressive specimen production and 

testing procedure as Section 2-2-1 is followed. 

 
Table 6. Mix designs related to NaOH concentration (kg/m3) 

NaOH concentration 

(M) 

Extra 

water 
SP 

Coarse 

aggregates 
Fine aggregates 3SiO2Na NaOH Steel slag Mix ID 

10 10 8 850 850 120 80 400 S10 

12 10 8 850 850 120 80 400 S12 

14 10 8 850 850 120 80 400 S14 

16 10 8 850 850 120 80 400 S16 

 

2-2-4- Alkaline Activator Solution/Steel Slag Weight Ratio 

Four mix designs were considered to optimize the effects of alkaline activator solution/steel slag 

ratio on GPC compressive strength, as detailed in Table 7. Based on the results from previous 

sections, the extra water content and NaOH solution concentration of the mix designs was set equal 

to 10 kg/m3 and 14M, respectively. Similar compressive specimen production and testing procedure 

as Section 2-2-1 is followed. 
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Table 7. Mix designs related to alkaline activator solution/steel slag ratio (kg/m3) 
alkaline activator 

solution/steel slag 

Extra 

water 
SP 

Coarse 

aggregates 
Fine aggregates 3SiO2Na NaOH Steel slag Mix ID 

0.40 10 8 850 850 96 64 400 S40 

0.45 10 8 850 850 108 72 400 S45 

0.50 10 8 850 850 120 80 400 S50 

0.55 10 8 850 850 132 88 400 S55 

 

2-2-5- Na2SiO3/NaOH Weight Ratio 

Five mix designs were defined to study and optimize the effects of Na2SiO3/NaOH ratio on GPC 

compressive strength. The mix designs are described in Table 8. Based on the results obtained from 

previous sections, the extra water content, NaOH solution concentration and activator alkali 

solution/steel slag ratio was set equal to 10 kg/m3, 14M and 0.5, respectively. Similar compressive 

specimen production and testing procedure as previous sections is followed here. 

 
Table 8. Mix designs related to Na2SiO3/NaOH weight ratio (kg/m3) 

/NaOH weight 3SiO2Na
ratio 

Extra 
water 

SP 
Coarse 

aggregates 
Fine aggregates 3SiO2Na NaOH Steel slag Mix ID 

1 10 8 850 850 100 100 400 S1 

1.5 10 8 850 850 120 80 400 S1.5 

2 10 8 850 850 134 66 400 S2 

2.5 10 8 850 850 143 57 400 S2.5 

3 10 8 850 850 150 50 400 S3 

 

 
Figure 1. Images of GPC specimens 

 

3. Results and Discussions 

3-1- Effect of Alkaline Activator Solution Type on Compressive Strength of GPC  

Figure 2 shows the effect of alkaline activator solution type on the mean compressive strength of 

GPC specimens. The 3-, 7- and 28-day compressive strength of SN specimen, which was made of 

NaOH and Na2SiO3 solution, was measured as 66.1, 69.2 and 76.1 MPa, respectively. The 3-, 7-

day and 28-day compressive strengths of the SK (KOH+K2SiO3) specimen, were 55.5, 63.1 and 

84.1 MPa, respectively. The SN specimen obtained approximately 91 and 87% of its 28-day 

compressive strength at 7 and 3 days. These numbers for the SK sample were approximately 75 
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and 66%. Therefore, the results revealed that the use of Na-based activator solution upsurges early 

strength. On the other hand, a higher 28-day compressive strength was observed in the SK sample. 

These results may be related to differences in the mechanism of reactions of Na and K. The 

mechanism of action of alkaline activator solution breaks the structure of silica and alumina of 

alumin-osilicate source, forming silicon and aluminum ions and makes geopolymer gel, within 3 

stages of dissolution, partial orientation of the mobile precursor and reloading of particles from the 

initial solid phase are implemented [32, 33]. The type of alkaline activator plays a very important 

role in the progress of the geopolymer production process. Usually, potassium, due to its larger 

atomic radius, causes the formation of larger oligomersilicates, which Al(OH)4
- prefers and binds 

to it. Therefore, in the case of using the K-based activator solution, more geopolymer is formed, 

which leads to the formation of a stronger and more compact system than the Na-based activator 

solution [1], which results in lower 3 and 7-day compressive strength, slower hardening, and higher 

28-day compressive strength. On the other hand, at the same concentration, NaOH is capable of 

dissolving more inorganic components than KOH, which leads to faster reaction rate for Na+ than 

for K+. Due to the higher reaction rate of Na+, higher initial compressive strength and more rapid 

hardening would be observed by using Na-based alkaline activator [2]. It should be noted that the 

results obtained from this section are almost contrary to the results of most of the researches 

conducted in this field such as Palomo et al [22] and Cheng et al [14]. At the end of this section 

and summarizing the obtained results, due to the lack of a large difference in the 28-day 

compressive strength of the SN and SK specimens and also special attention to the fact that the 

price of the K-based alkaline activator solution is more than 4 times higher than the Na-based on, 

the Na-based alkaline activator solution was selected to carry out the next steps of the research. 

 

 
Figure 2. Effect of alkaline activator type on compressive strength of GPC 

 

3-2- Effect of Extra Water Content on Compressive Strength of GPC  

The results related to the effect of extra water content on compressive strength of GPC are 

presented in Figure 3. The 3-, 7- and 28-day compressive strengths of the sample without added 

water were 66.1, 69.2, and 76 MPa, respectively. By adding water at the rate of 10 kg/m3, the 

maximum compressive strength of 3, 7 and 28 days was measured as 69.6, 73.2 and 80.5 MPa. 
Adding more water to the GPC mixture resulted in a significant decrease in compressive strength 

so that in the case of additional water of 30 kg/m3, the 3-, 7- and 28-day compressive decreased by 

approximately 17, 16 and 14%. This observation can be related to the water/solid ratio. In the 

definition of this ratio, the numerator is the weight of the total water content of the mix, and the 
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denominator is the weight of the total solids present in the geopolymerization process (including 

raw material and solid content in the NaOH and Na2SiO3 solutions). On the other hand, if the 

amount of added water and consequently the water/solid ratio is less than the optimal value, the 

compressive strength will decrease. This issue can be related to the increase of porosity due to the 

low workability of GPC [19]. 
 

 
Figure 3. Effect of extra water on compressive strength of GPC. 

Based on the aforementioned obtained results, 10 kg/m3 of extra water was used. Values of water 

to dry material ratio and compressive strength for various contents of extra water is shown in Table 

9. Workability of the mixtures was measured using the diameter opening test in which values of 

50, 60 and 70 cm are attributed to low, medium and high workability. The obtained results here are 

different from those reported by hardjito et al [34]. 
 

Table 9. Water to dry material ratio and compressive strength for various amounts of extra water. 
28-day compressive 

strength reduction as to 
optimal condition (%) 

28-day Compressive 

strength (MPa) 
Workability 

Water to dry material 

ratio 

Extra water 

)3(kg/m 

6 76.0 Low 0.2363 0 

- 80.5 Medium 0.2569 10 

7 74.8 High 0.2775 20 

14 69.9 High 0.2981 30 

 

3-3- Effect of NaOH Solution Concentration on Compressive Strength of GPC 

The effect of NaOH solution concentration on compressive strength of geopolymer concrete to 

obtain the optimal concentration is displayed in Figure 4. 
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Figure 4. Effect of NaOH solution concentration on compressive strength of GPC 

 

Based on the obtained results, lowest values for 3,7 and 28-day compressive strength, i.e. 48.5, 52 

and 61.8 respectively, was observed for a NaOH solution concentration of 10M. By increasing the 

NaOH solution concentration from 10M to 14M, the 3,7 and 28-day compressive strengths too, 

increased. In higher concentrations of the alkali solution, more silica and alumina of the alumina-

silicate matter is dissolved in the alkali solution, leading to more geopolymeric gel which in turn 

results in greater compressive strength [1]. But, by increasing the NaOH solution concentration 

from 14M to 16M, only a slight increase in compressive strength is yielded. This can be explained 

by the fact that by increasing the NaOH solution concentration to more than the optimal values 

(14M), more hydroxide ions are resided in the alumina-silicate gel immediately after the beginning 

of the initial geopolymerization process.  This issue can disturb the geopolymerization reactions 

and reduce the rate of compressive strength gain or even the absolute strength of GPC. On the other 

hand, increase in early-stage strength (percentage of 28-day strength at 3 or 7 days) with NaOH 

solution concentration can be observed in the specimens which can be due to increased alumina 

and silica dissolution and thus hypered geopolymerization resulting from increase in NaOH 

solution concentration. Table 10 shows the effect of NaOH solution concentration on rate of 

compressive strength gain in early stages of GPC. From the results, NaOH solution concentration 

of 14M is chosen for the next tests. The obtained results herein contradict those from research 

efforts by Sharma et al [35] and Patel et al [36]. 

 
Table 10. NaOH solution concentration vs. early-stage compressive strength of GPC 

3-day to 28-day 

compressive strength (%) 

7-day to 28-day 
compressive strength 

(%) 

28-day compressive 
strength difference 

(%) vs. 14M solution 

28-day Compressive 

strength (MPa) 

NaOH 

solution 

concentration 
(M) 

78 84 -23 61.8 10 

84 89 -10 72.4 12 

87 91 - 80.5 14 

90 92 +4 83.7 16 
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3-4- Effect of Alkali Activator Solution to Slag Ratio on compressive strength of GPC 
The results corresponding to investigation of the influence of alkali activator solution to slag ratio 

on the compressive strength of GPC is presented in Figure 5. As can be seen, this parameter 

significantly influences the compressive strength of GPC. At a ratio of 0.4, the 3,7 and 28-day 

compressive strengths were 60, 61.8 and 68.2 MPa, respectively. By increasing the ratio up to 0.5, 

the maximum values of compressive strength at different ages were recorded. By increasing the 

alkali activator solution to slag ratio, the alkali activator content and thus the geopolymerization 

rate increases which results in higher production of geopolymeric gel, which in turn leads to higher 

compressive strengths. On the other hand, further increase of the ratio up to 0.55, the 3,7 and 28-

day compressive strengths reduced by around 16, 14 and 13 percent, respectively. This can be 

related to the consequent increase in water to dry material ratio. From the results obtained, the 

optimal alkali activator solution to slag ratio was set equal to 0.5 for the subsequent tests. The 

results attained in this section of this research is not in line with similar past research by Sharma et 

al [35] and Hardjito et al [34]. 
 

 
Figure 5. Effect of alkali activator solution to slag ratio on compressive strength of GPC 

 

3-5- Effect of Na2SiO3/NaOH Weight Ratio on Compressive Strength of GPC 
Figure 6 displays the results related to the influence of Na2SiO3/NaOH weight ratio on the 

compressive strength of steel slag-based GPC. For Na2SiO3/NaOH weight ratio equal to 1, the 3,7 

and 28-day compressive strengths were 49.8, 51.0 and 56.6 MPa, respectively. By increasing the 

ratio up to 1.5, these compressive strength values at different ages increase significantly, i.e. around 

40%. By increasing the ratio up to 3, the compressive strength plunges to a level where the 3,7 and 

28-day compressive strengths reduce around 31, 32 and 36% compared to when the ratio is 1.5. A 

Na2SiO3/NaOH weight ratio equal to 1.5 is the optimal value obtained in this research. 
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Figure 6. Effect of Na2SiO3/NaOH weight ratio on compressive strength of GPC 

 

The role of alkaline activator solution, especially sodium or potassium hydroxide, is to dissolve Si 

and Al in the aluminosilicate source and produce SiO4 and AlO4 to create geopolymeric gel. Adding 

a silicate compound such as sodium or potassium silicate to the alkaline activator solution, due to 

the presence of soluble Si, increases the amount of SiO4 and the geopolymerization reaction rate, 

and consequently the compressive strength of GPC. In the meantime, adding a small amount (less 

than the optimal ratio) of sodium silicate solution reduces the amount of soluble Si and, as a result, 

decreases the amount of SiO4, which causes a decrease in compressive strength. But on the other 

hand, adding an excess amount (more than the optimal ratio) of sodium silicate also causes a 

decrease in compressive strength because in this case, excessive amounts of SiO4 are produced 

while the amount of AlO4 in the composition is constant (or limited) [82, 61]. As a result, when the 

Si/Al ratio is out of the optimal range, the compressive strength decreases. The results obtained 

from this part of the research are contrary to the results of research by Sanni et al. [37] and Junaid 

et al. [38], but consistent with the results of Petrus et al. [39]. Although it should be noted that 

Petrus et al. reported these results for the geopolymer mixtures made of bentonite and silica. 
 

4. Conclusions 

In this experimental study, a number of influential parameters affecting the compressive strength 

of geopolymer concrete based on steel slag was investigated. In this regard, after conducting 

relevant tests, the results of this research can be summarized as below: 

1. The type of alkaline activator solution is one of the parameters affecting the compressive strength 

of geopolymer concrete. The use of potassium silicate and potassium hydroxide solution, due to 

the tendency of K+ for condensation reactions and the formation of larger oligomersilicates, 

resulted in achieving a higher 28-day compressive strength than sodium silicate and sodium 

hydroxide. The use of sodium silicate and sodium hydroxide due to the higher reactivity of Na+ 

for the geopolymerization reactions and thus higher degree of dissolution of Si and Al in the sodium 

hydroxide solution, leads to achieving higher 3- and 7-day compressive strength, as well as 

achieving higher early strength, compared to potassium silicate and potassium hydroxide. 
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2. Adding extra water to geopolymer concrete increased the ratio of water to dry materials 

participating in geopolymerization. This ratio is one of the influencing parameters on the 

compressive strength of geopolymer concrete. The optimal amount of extra water and the ratio of 

water to dry materials in this research were measured as 10 kg/m3 and 0.2569, respectively. By 

increasing the amount of extra water and consequently increasing the ratio of water to dry materials 

participating in geopolymerization, the compressive strength decreased significantly. 

3. The concentration of sodium hydroxide solution is also one of the influencing parameters on the 

compressive strength of geopolymeric concrete. Increasing the concentration from 10 to 14M 

caused a 23% increase in compressive strength due to the increase in the amount of dissolution of 

Si and Al (present in metakaolin) by the alkaline activator solution. By further increasing the 

concentration from 14 to 16M, no significant change in compressive strength was observed. Also, 

increasing the concentration of sodium hydroxide solution, in addition to increasing the 

compressive strength, caused an increase in the process of obtaining premature compressive 

strength due to the increase in the amount of dissolution and as a result, the acceleration of the 

geopolymerization process. 

4. The weight ratio of the alkaline activator solution to the aluminosilicate source is one of the 

influencing parameters on the compressive strength of geopolymer concrete. By increasing this 

ratio from 0.4 to 0.5, due to the increase in the amount of alkaline activator solution and 

consequently the rate of geopolymerization and thus larger amounts of geopolymer gel, the 3, 7 

and 28-day compressive strengths increased by 14, 16 and 15%, respectively, i.e. the highest 

compressive strength to be achieved. But with the further increase of this ratio to 0.55, the 3, 7 and 

28-day compressive strengths decreased by approximately 16, 14 and 13%, respectively, which 

can be related to the increase in the ratio of water to dry materials participating in 

geopolymerization. 

5. The weight ratio of sodium silicate solution to sodium hydroxide solution is also one of the 

parameters influencing the compressive strength of geopolymer concrete. In this research, ratios of 

1, 1.5, 2, 2.5 and 3 were studied. By increasing the ratio from 1 to 1.5 (optimal ratio), the highest 

compressive strength of geopolymer concrete was measured due to the increase of dissolved Si. 

By further increasing this ratio to 3, the 3, 7 and 28-day compressive strengths decreased by 31, 32 

and 36%, respectively, due to the presence of excessive amounts of SiO4 and the Si/Al ratio being 

out of the optimal range. 
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