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Abstract. The improved version of geopolymer concrete manufacturing based on fly ash 

and granulated blast furnace slag was made by correlating the high mechanical strength 

of the hardened material with the medium level-workability of the fresh material. The fly 

ash/slag ratio in the composition of the substitute binder for Portland cement was 

reduced to the limit where the workability was affected, but this reduction was 

compensated by fluidizing additive (calcium lignosulfonate) addition. Due to the 

correlation of mechanical properties and those of fluidity, high compression and flexural 

strengths were obtained (57.4 and 10.1 MPa) after curing and 28 days-storage. 

Key words: geopolymer concrete, alkaline activator, curing process, calcium 

lignosulfonate, mechanical strength, workability. 
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Rezumat. A fost realizată o versiune îmbunătățită a betonului geopolimeric fabricat pe 

bază de cenușă zburătoare și zgură de furnal granulată prin corelația rezistenței 

mecanice înalte a materialului întărit cu lucrabilitatea de nivel mediu a materialului 

proaspăt. Raportul cenușă zburătoare/zgură în compoziția liantului înlocuitor al 

cimentului Portland a fost redus la limita la care lucrabilitatea a fost afectată, dar 

această reducere a fost compensată de adaosul aditivului fluidizant (lignosulfonat de 

calciu). Datorită corelației proprietăților mecanice si acelea ale fluidității, au fost 

obținute rezistențe înalte la compresie și încovoiere (57,4 și 10,1 MPa) după întărire și 

stocare pentru 28 zile.  

Cuvinte cheie: beton geopolimeric, activator alcalin, proces de întărire, lignosulfonat de 

calciu, rezistență mecanică, lucrabilitate. 

1. Introduction 

In the current context of dangerous rate of destructing the protective ozone layer 

of our planet due to excessive emissions of greenhouse gases (mainly CO2), 

humanity's concern for stopping or limiting this possible ecological disaster has 

already reached a high level since the beginning of the new millennium. 

One of the industrial activity fields deeply involved in CO2 emissions and 

responsible for up to 7 % of the entire CO2 amount released worldwide is the 

construction material industry and primarily the manufacture of ordinary Portland 

cement as the essential raw material of the concrete manufacturing process [1, 2]. 

Also, the cement making is a high energy-intensive process, the manufacture of one 

ton of Portland cement requiring about 4 GJ [3] in form of fossil fuels, which generate 

carbon dioxide by burning. 

The modern use of Portland cement as the dominant binder in the production of 

construction concrete is already over 180 years old [4]. During all this time, due to 

humanity's lack of concern for the high consumption of hydrocarbons and the 

dangerous emissions of pollutants in the atmosphere, the industry, in general and the 

cement industry, in particular, have experienced a long period of development, 

suddenly interrupted starting from the last decades of the last century.  

Reducing the carbon footprint of cement has been tried by several researchers’ 

teams using different cementitious materials such as fly ash, metallurgical slag, rice 

husk ash, red mud, metakaolin, having the role of partially replacers for the cement 

intended for manufacturing the concrete [3, 5-8]. 

According to Juenger et al. [4], recently, there is an unprecedented increase in 

the interest of researchers from all over the world for developing, testing, and applying 

new alternatives to ordinary Portland cement. Thus, calcium aluminate cement, 

calcium sulfo aluminate cement, super sulphated cements, and alkali-activated binders 

were analyzed in this paper. 

According to [9, 10], the use of geopolymeric materials (high alumina and silica 

contents) favours reducing CO2 emissions by 73 % and at the same time, the required 

energy consumption is reduced by 43 % compared to the use of Portland cement as a 

binder in the concrete manufacturing. 
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The development of a very effective process in ecological terms based on 

turning alumino-silicate materials (waste or natural) in alkaline solution activator into 

geopolymeric materials with excellent physical-mechanical characteristics was 

achieved at the end of the 20th century through remarkable invention of the French 

researcher J. Davidovits [11]. He has identified the geopolymerization reaction of 

alumina and silica-rich materials into an alkaline solution of sodium or potassium 

silicate and hydroxide [11, 12]. The curing process of geopolymer concrete can be 

carried out, according to the inventor J. Davidovits, at ambient temperature or at high 

temperature. The geopolymerization process is favoured by increasing the 

temperature, leading to the significant improvement of mechanical strength properties 

in a much lower time range compared to hardening at ambient temperature [12]. 

In the work [13], several versions for preparing geopolymer concrete by curing 

at ambient temperature were experimented using Taguchi method as a quality control 

procedure aiming at reducing final product failures. Ground granulated blast furnace 

slag was utilized with the role of alumino-silicate binder. The alkaline activator was a 

liquid solution composed of sodium silicate and sodium hydroxide in the ratio 2.5, in 

which the molar concentration of NaOH was 14M. After 7 days to the increase of 

setting time (and therefore of workability) affected by the use of blast furnace slag, but 

the compression strength value decreased due to reducing the mixture calcium content 

of concrete storage, the highest compression strength (60.4 MPa) was obtained. The 

partially replacing the slag with variable ratios of fly ash, metakaolin, and silica fume, 

respectively, has contributed. 

 Fly ash and ground granulated blast furnace slag (added in ratios up to 20 % of 

the entire binder amount) were alumino-silicate wastes used in the experiment 

presented in [14]. The alkaline activator was a liquid solution including Na2SiO3 and 

NaOH, the activator/binder ratio being kept constant at 0.35. The curing process was 

performed at room temperature. The results showed that the compression strength of 

geopolymer concrete increased from the early age. The increase of the slag amount 

added to the starting mixture has also contributed to the increase of the concrete 

mechanical strength. Drying shrinkage, void volume, and sorption had almost similar 

values to concrete specimens made with Portland cement. Comparing the results of the 

geopolymer concrete with those of the reference concrete based on Portland cement, 

the authors showed that the fly ash-slag combination and curing at ambient 

temperature ensure the durability of the new material at a similar level to that of the 

reference concrete. 

 A research team including authors of the current paper previously conducted 

tests aiming at the production of geopolymer concrete using fly ash and blast furnace 

slag as binders, activated in Na2SiO3 and NaOH solution [15]. The paper originality 

was the increase of slag ratio range (15-25 %) in the binder mixture, for increasing the 

compression strength despite the decrease in workability. The fresh geopolymer 

obtained by mixing the raw material components and pouring into a mold was cured 

with hot air at 80 ℃. After 7 days, the compression strength reached 55.2 MPa 

corresponding to 25 % slag ratio in the binder amount, but the workability test 
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decreased from 70 to 45 mm. The adopted optimal version was that with 80 % fly ash 

and 20 % slag. The compression strength for this version reached 53.3 MPa and the 

fresh concrete workability was 58 mm (corresponding to a medium workability value).  

Special interest was given by Hamidi et al. [16] on the concentration of the 

NaOH aqueous solution as a component of the alkaline activator. Its influence on the 

mechanical resistance of concrete, especially on the flexural strength, was 

experimentally determined in the work mentioned above. Under the conditions of 

using fly ash as the main alumino-silicate binder in the concrete manufacturing 

process, the optimal concentration of NaOH was determined to be 12M. The curing 

process of the fresh mixture was performed at 60 ℃ for 1 day. 

The temperature and duration of the curing process of the fresh geopolymer as 

well as the concentration of the NaOH solution were identified in the work [17] as 

having significant effects on the compression strength value. Increasing the mentioned 

parameters led to improving the compression resistance. On the other hand, increasing 

the water/geopolymer ratio led to the reduction of compression strength value. The 

role of the superplasticizer based on naphthalene on increasing the workability of fresh 

concrete was also determined. 

The influence of the main known curing techniques of geopolymer concrete 

(with steam, hot air, and at room temperature) on its mechanical characteristics were 

analyzed in the paper [18]. The composition of the material mixture included low 

calcium fly ash, ground blast furnace slag, sand as the fine aggregate, coarse aggregate 

(below 20 mm particle size), and alkaline activator solution containing Na2SiO3 and 

NaOH mixture. The fly ash amount varied between 392.4-436 kg·m-3, while the slag 

amount had values in the range 0-43.6 kg·m-3. The Na2SiO3/NaOH ratio was 2.5. The 

hot air curing method allowed to reach the highest level of compression strength (24.5-

28.3 MPa). The curing at ambient temperature reached the highest compression 

strength after 12 days compared to its value after 3 days, registering maximum 25.5 

MPa.  

According to the results obtained in the own previous tests [15] as well as those 

of other authors [17], the increase in the mechanical strength of geopolymer concrete 

has as a secondary effect the decrease of workability properties. This worsening of the 

fresh material-flow characteristics can be counteracted by using an adequate fluidizing 

additive. The authors of the paper [17] chose naphthalene-based superplasticizer 

suitable for high-strength, steam cured, fluid, waterproof, plasticized or reinforced 

concretes, being manufactured in China [19]. 

The authors of the current paper adopted a calcium lignosulfonate (LSC) 

fluidizing additive, extracted from the sulphite lye resulting from the manufacture of 

cellulose as a by-product. This type of additive is a polymer with a high molecular 

mass and a three-dimensional structure. Although LSC was intended to improve the 

properties of mortars and cement-based Portland concretes, its use was also extended 

to new geopolymers, considering the similarity of alumino-silicate materials with 

pozzolanic properties used as substitutes for cement and the ordinary Portland cement 

in the composition of traditional concrete. According to [20], in general, fluidizing 

additives contribute to the slight increase of apparent density due to the improvement 
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of workability and the reduction of the working water requirement. Also, the 

mechanical strength of concrete is increased, allowing the reduction of the dosage of 

cementitious materials replacing the cement. The improvement of concrete strength 

after 7 and 28 days can increase by 10-20 % compared to concrete without fluidizing 

additive. According to the same reference, the presence of fluidizing additives could 

improve slow flow, especially at early ages. Capillary sorption and concrete 

permeability are reduced due to the presence of fluidizing additives as a result of 

reducing the water requirement and increasing the structural homogeneity. The 

resistance to corrosive attack should be improved as a result of the decrease in 

permeability.             

2. Materials and methods  

The solids adopted in this experiment as materials for preparing mixtures for 

producing the geopolymer concrete were: fly ash, granulated blast furnace, both as 

binders from residual alumino-silicate materials, Na2SiO3 and NaOH in aqueous 

solution constituting the alkaline activator, sand as fine aggregate, gravel as coarse 

aggregate, and calcium lignosulfonate as a fluidizing additive. 

Coal fly ash, a well-known by-product of the coal burning process in thermal 

power plant boilers, trapped after the purification of residual gases in electrofilters, 

was previously supplied by Paroseni-Thermal Power Station and preserved. Having 

the initial size of particles below 200 µm, it was ground in a ball mill and selected 

after sieving to sizes below 80 µm. 

Granulated blast furnace slag in the form of 2-6 mm-granules was supplied by 

ArcelorMittal Galati (Romania) over 25 years ago being preserved and used in several 

experiments. The fine grinding process of the slag allowed to obtain a powder with 

dimensions less than 100 µm. 

Chemical composition of coal fly ash and granulated blast furnace slag was 

determined in the Romanian Metallurgical Research Institute and are shown in Table 

1.  

Table 1 

Chemical composition of fly ash and blast furnace slag 

Composition Coal fly ash (%) Blast furnace slag (%) 

SiO2 48.1 36.4 

Al2O3 26.4 11.6 

CaO 3.6 41.8 

MgO 3.2 5.8 

MnO - 0.6 

Fe2O3 8.6 0.8 

Na2O 6.0 0.3 

K2O 4.1 0.4 
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Sodium silicate (Na2SiO3), known as water glass, is soluble in water creating an 

alkaline solution. In general, it is used as a binder and can contribute to improving the 

mechanical resistance of ceramic and composite materials [21]. Commercially, it is 

available in the form of liquid solution with concentrations around 40 %. 

Sodium hydroxide (NaOH), known as caustic soda, contains 16.4 % Na2O, 34.3 

% SiO2, and 49.3 % H2O. It exists in solid state and is a very water-soluble material. 

Commercially, it is available in pellet form (with high purity of 98 %). Together with 

water glass, it forms an excellent alkaline activator [22] also used in this experiment. 

Quartz sand (with the density of 1430 kg·m-3) was chosen as fine aggregate, 

having dimensions less than 1.7 mm selected by sieving. 

The coarse aggregate was constituted using natural gravel with the density of 

about 2800 kg·m-3. The maximum size of this aggregate was limited to 20 mm. 

Calcium lignosulfonate (LSC) as a fluidizing additive was already mentioned 

above, its main role being to improve the fresh material-flow features. Generally, 

calcium lignosulfonate is available in the form of a fine powder (average density of 

1200 kg·m-3), soluble in ordinary water. The authors' team benefited from a batch of 

this type of additive previously procured from the Romanian chemical industry. 

Unlike the first article of the authors' team from 2022 [15], in the current paper 

some important changes were made in the starting composition of mixture for 

manufacturing the geopolymer concrete. Keeping constant the total amount of the 

alumino-silicate binder (substitute for Portland cement), the weight ratio of fly ash and 

granulated blast furnace slag was changed, using the following ranges of values: 77-83 

wt. % for fly ash and 17-23 wt. % for slag. Na2SiO3 and 12M NaOH were the 

components of the alkaline activator. The weight ratio between the activator and the 

alumino-silicate binder was adopted at a constant value of 0.358. According to the 

literature [23], the water addition into the binder mixture is important. A low value of 

the water/geopolymer binder ratio (0.25 wt. %) leads to obtaining a very viscous and 

stiff mixture, therefore with inadequate workability, but ensures excellent mechanical 

strength of the concrete. By increasing the water/binder ratio, the workability of the 

fresh material improves, but the compression strength decreases. Experimentally, the 

ratio of 0.28 was adopted, meaning an added water amount of 126 kg·m-3. Unlike the 

reference work [15], the main novelty of the mixture composition for the acceptable 

correlation of the two features of geopolymer concrete (strength and workability) was 

the addition of calcium lignosulfonate (LSC) as a fluidizing additive. According to 

[24], its weight proportion must be below 1 wt. % of the binder amount, the paper 

referring to the traditional concrete binder, i.e. the Portland cement.  From the authors' 

own experience, a maximum value of 0.31 wt. % is more advisable in the case of 

geopolymer concrete, meaning an additive amount of 1.4 kg·m-3. The two types of 

aggregate chosen in this experiment (quartz sand as fine aggregate and natural gravel 

as coarse aggregate) had the usual role in any type of concrete, including geopolymer 

concrete [25]. The weight ratio between the entire amount of aggregate and the 

alumino-silicate binder was adopted at the value of 4.8. The binder amount being 450 

kg·m-3, it results that the total aggregate was 2160 kg·m-3. Choosing the weight 

proportion of 35 % for fine aggregate and 65 % for coarse aggregate respectively, the 
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corresponding amounts of the two types of aggregate were determined: 756 kg·m-3 

(quartz sand) and 1404 kg·m-3 (coarse aggregate). 

The experiment presented below contains four experimental versions marked 

V1-V4 (Table 2), in which the amounts of fly ash and granulated blast furnace slag 

ratio is reduced from 4.88 (V1) to 3.35 (V4), the other values of mixture component 

amounts being kept constant.  

Table 2 

Composition of experimental versions of geopolymer concrete 

Composition V1 (kg·m-3) V2 (kg·m-3) V3 (kg·m-3) V4 (kg·m-3) 

Fly ash 373.5 364.5 355.5 346.5 

Granulated blast 

furnace slag 

76.5 

 

85.5 94.5 103.5 

12M NaOH 46 46 46 46 

Na2SiO3 115 115 115 115 

Quartz sand 756 756 756 756 

Coarse 

aggregate 

1404 1404 1404 1404 

Supplementary 

water added 

126 126 126 126 

Calcium 

lignosulfonate 

1.4 1.4 1.4 1.4 

 

 

The conversion of alumino-silicate materials (mostly industrial waste such as 

coal fly ash, metallurgical slag, red mud, rice husk ash, etc.) into products with special 

mechanical and physical characteristics called geopolymers, as a result of developing 

the geopolymerization reaction activated by an alkaline activator, constitute the basic 

elements of the remarkable invention of the French researcher J. Davidovits mentioned 

above. Alumino-silicate materials have pozzolanic properties having ability to replace 

the traditional Portland cement as a binder in geopolymer concrete manufacturing. 

The geopolymerization process is based on a complex chemical reaction 

between an alkali solution and the alumino-silicate material and forms a three-

dimensional polymeric chain and ring structure of Si–O–Al–O bonds. The reaction, 

that can occur at ambient temperature, is developed in three main stages: dissolution of 

alumino-silicate material into aluminates and silicates species, condensation of 

monomers (when the setting time is beginning), and the monomer polymerization into 

an amorphous inorganic polymer [26].  

The adopted working method has included firstly preparing the alkaline 

activator mixture containing sodium silicate solution (Na2SiO3) and water-soluble 

NaOH pellets dissolved in distilled water (with 12M molarity). The activator 

homogenization was performed by mechanical stirring in a quartz vessel for 3 min. 

Separately, the preparation of the solid mixture was carried out in another vessel. First, 

the mixture containing ground fly ash, ground granulated blast furnace slag, and 

calcium lignosulfonate was mechanically mixed for 5 min and then fine sand (below 
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1.7 mm), coarse aggregate (below 20 mm), and supplementary water were introduced 

over the first solid mixture. After the homogenization of the two solid mixtures for 3 

min, the alkaline activator was poured over these. A last mixing together of the solid 

and liquid materials was performed for about 5 min, until a paste was obtained. The 

paste, representing fresh geopolymer concrete, was poured into cubic and rectangular 

molds, placed in a thermally insulated enclosure and heated with hot air at 80 ℃ from 

an electric air preheater. The duration of the curing treatment of the fresh geopolymer 

was 24 hours. The characteristic peculiarities analysis of the hardened geopolymer 

concrete was performed after 7 and 28 days of storage of specimens removed from the 

molds.  

Characterization methods of geopolymer concrete specimens were the 

following. The fresh geopolymer concrete workability was analyzed according to 

ASTM C 143-10, Standard for concrete slump test, with the slump test apparatus. 

Water-absorbing was determined by the immersion method of specimen under water 

(ASTM D570) after its storage for 28 days [27]. The geopolymer concrete density was 

measured by Archimedes’ method by the water intrusion technique (ASTM D792-20). 

The compression strength was identified with 100 kN-compression fixture Wyoming 

Test Fixture [28] and the flexural strength was measured by carrying out the three-

point bend test on the specimen (SR EN ISO 14125: 2000). The microstructural 

appearance of geopolymer concrete specimens was examined with the Biological 

Microscope model MT5000 with image captured with a Nikon Coolipix 3 mp Camera, 

1000 x magnification.                                                                                                                

3. Results and discussion 

The workability of fresh geopolymer concrete samples was determined by 

slump tests and the conclusion was that in the four experimental versions its value 

significantly changed by increasing the weight ratio of slag in the binder composition, 

respectively by decreasing the fly ash/slag ratio from 4.88 to 3.35, according to the 

data in Table 3. 

Table 3 

Results of the workability test 

Experimental 

version 

V1 V2 V3 V4 

Fly ash/slag ratio 4.88 4.26 3.76 3.35 

Workability 

slump test (mm) 

75 

(medium) 

69 

(medium) 

57 

(medium) 

46 

(low) 

 

According to the Standard for concrete slump test (ASTM C 143-10), the first 

three specimen versions had medium workability (within the limits of 57-75 mm), 

while the V4 version had low level of workability (46 mm). The mentioned standard 

delimits the medium level between 50-100 mm and low level in the range of 25-50 

mm. 
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The hardened geopolymer concrete after the curing process at 80 ℃ for 1 day 

and the storage for 7 and 28 days gained compactness and high mechanical strength, 

especially after 28 days. The specimens were obtained by pouring the fresh material 

into cubic shapes with the side dimension of 100 mm (for measuring the compression 

strength) and rectangular shapes with dimensions of 100 x 100 x 350 mm (for 

measuring the flexural strength) [29]. The appearance of the cubic specimens made in 

the four experimental versions is shown in Fig. 1. 

 

    
V1 V2 V3 V4 

Fig. 1. Appearance of the cubic shape specimens 

V1 – version 1; V2 – version 2; V3 – version 3; V4 – version 4. 

 

The outer surface appearance of specimens does not visibly differ. However, 

their physical and mechanical features as well as the microstructural aspects have 

distinct peculiarities. 

The density of geopolymer concrete specimens, measured on cubic shape 

samples after 28 days-hardening, reached high values within the limits of 2488-2506 

kg·m-3, the tendency of slight increase in density being noted in the case of reducing 

the fly ash/slag ratio, i.e. increasing the weight ratio of granulated blast furnace slag in 

the binder composition from 17 to 23 wt. %. The compression strength of specimens 

reached very high levels, especially after 28 storage-days of over 50 MPa (between 

53.9-59.7 MPa), its increase being the result of blast furnace slag addition together 

with fly ash in the alumino-silicate binder composition. The flexural strength also 

reached high values after 28 days between 7.8-12.1 MPa. The tests on the geopolymer 

concrete water-absorbing capacity showed that the absorption degree was limited to 

very low water proportions (around 1 wt. %) and practically, the addition of slag along 

with fly ash did not influence this geopolymer characteristic. 

The centralized presentation of the main characteristics of geopolymer concrete 

samples made in this experiment is carried out in Table 4. 

Table 4 

Main physical-mechanical features of specimens 

Characteristic V1 V2 V3 V4 

Density after 28 days  

(kg·m-3) 

2488 2495 2501 2506 

Compression strength 

(MPa) 
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Characteristic V1 V2 V3 V4 

- after 7 days 

- after 28 days 

31.8 

53.9 

32.6 

55.4 

34.0 

57.4 

36.1 

59.7 

Flexural strength 

(MPa) 

- after 7 days 

- after 28 days 

 

 

3.8 

7.8 

 

 

4.9 

8.7 

 

 

6.6 

10.1 

 

 

8.0 

12.1 

Water-absorbing after 

28 days (vol. %) 

1.1 1.0 0.9 0.9 

Workability level 

(mm) 

75 

(medium) 

69 

(medium) 

57 

(medium) 

46 

(low) 

 

As stated above, in this experiment the aim was to find the optimal correlation 

between the mechanical strength of the hardening geopolymer concrete and the fresh 

geopolymer workability. Analyzing the data in Table 4, authors’ team considered that 

a very good correlation between the two characteristic types was obtained in the 

experimental version V3. Having a fly ash/slag ratio of 3.76, which includes 79 % fly 

ash and 21 % granulated blast furnace slag, the workability of the fresh material was 

determined by slump test at 57 mm, considered as a medium level workability 

according to the standard. On the other hand, the compression strength reached the 

maximum value of 57.4 MPa after 28 days, while the strength after 7 days was 34.0 

MPa. Also, the flexural strength reached 10.1 MPa after 28 days and 6.6 MPa after 7 

days, which means excellent strength values. 

The microstructural appearance of geopolymer concrete specimens is shown in 

Fig. 2. 

 

 

 

 

V1  V2 

  

V3  V4                 |------------| 80 µm 
Fig. 2. Microstructural appearance of geopolymer concrete specimens 

V1 – version 1; V2 – version 2; V3 – version 3; V4 – version 4. 
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The pictures in Fig. 2, present the changes at the microstructural level caused by 

increasing the proportion of ground granulated blast furnace slag in composition of the 

binder dominated by the fly ash component. The typically spherical grains of ash are 

clearly predominant in pictures V1 and V2, instead, in picture 4 they almost 

completely disappear, leaving the place of a typical microstructure for metallurgical 

slag.   

 Fly ash is the most important alumino-silicate binder due to its pozzolanic 

properties, which makes it suitable for replacing the ordinary Portland cement. The 

manufacture of fly ash-based geopolymer, one of the important ideas of the 

geopolymer creator (J. Davidovits), imposes as a main condition of the coal fly ash 

characteristics for contributing to the development of the geopolymerization reaction 

in alkaline medium, the low content of lime (CaO). Class F-fly ash represents the 

appropriate group, which includes the ash from burning anthracite (bituminous coal). 

According to the existing standards, class F contains between 1-10 % CaO, its values 

as low as possible (below 5 %) being preferable. Fly ash purchased from Paroseni 

during a period when the Thermal Power Pant was operating with anthracite has in its 

composition 3.6 % CaO (according to Table 1). 

Fly ash with low calcium content after grinding below 80 µm is known as a fine 

powder with spherical granules having pozzolanic properties quite similar to Portland 

cement, which it can replace. These properties facilitate the reaction of fly ash, in the 

presence of water, with calcium hydroxide forming hydrated calcium silicates as well 

as calcium aluminates. Thus, the liquid phase created in the paste due to the hydration 

process is saturated with calcium hydroxide, reacting with fly ash in addition to the 

alkaline salts. The use of fly ash and ground granulated blast furnace slag has an 

important impact on the properties of concrete (or geopolymer concrete) due to the 

filling and rheological effects ]5]. 

Due to the viscous peculiarity of the NaOH solution used as an alkaline 

activator in the manufacture of geopolymer concrete, the geopolymer rheology is quite 

variable. The slump value of the fresh material decreases by increasing the weight 

proportion of granulated blast furnace slag and the molarity of NaOH [3]. 

Because the fly ash reactivity is not suitable to be activated at room temperature 

by alkaline activators, the temperature of its curing process requires higher 

temperatures (60-85 ℃). Thus, incompletely reacted gels affect the full development 

of the geopolymerization reaction. Experimentally, it was found that granulated blast 

furnace slag can improve the characteristics of fly ash-based geopolymer concrete by 

curing at room temperature probably due to the high content of CaO (over 40 %) in the 

slag composition [9]. 

The comparison with other works presented in the literature confirmed the 

originality of the current work. Few published articles refer to results obtained in the 

field of geopolymer concrete based on fly ash and granulated blast furnace slag 

because, although the addition of slag increases the geopolymer mechanical strength, 

the workability of the fresh material is affected, worsening the practical application 

conditions. The paper [30] is an example in this sense. The compression and flexural 
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strengths reported in this work are lower than those obtained in the current work. 

Compared to the reference article [15], published by the same authors’ team in 2022, 

the mechanical performances of the geopolymer concrete were improved firstly, by 

using a fluidizing additive (calcium lignosulfonate) that allowed obtaining an optimal 

correlation between strength and workability. In addition, the increased duration of 

concrete storage up to 28 days allowed obtaining superior mechanical performances 

compared to the reference article.  

4. Conclusions 

The objective of the current paper was the production of geopolymer concrete 

based on two alumino-silicate wastes used as a substitute binder for traditional cement 

(fly ash and granulated blast furnace slag), in which the slag proportion was over 20 

wt. %, which normally negatively affects the workability of the fresh material, but 

greatly increases the mechanical resistance of the hardened geopolymer. The work 

originality consisted in finding the optimal correlation between the increase in 

geopolymer strength due to the decrease of the fly ash/slag ratio and the contribution 

of the fluidizing additive (calcium lignosulfonate) on increasing the material fluidity to 

an acceptable medium level. The basic principles of turning alumino-silicate materials 

into geopolymers with special properties, through the geopolymerization reaction in 

the presence of the liquid alkaline activator, provided in the remarkable recent 

invention of the researcher J. Davidovits, were preserved in this experiment. The 

results showed excellent mechanical performances of the geopolymer concrete 

obtained as a result of the curing process at 80 ℃ for 1 day, continued by the specimen 

storage for 7 and 28 days, under the conditions that the level of workability determined 

by the slump test was acceptable at an average value according to the standard. Thus, 

very high compression and flexural strengths were obtained (57.4 and 10.1 MPa, 

respectively, after the storage for 28 days as well as 34.0 and 6.6 MPa after the storage 

for 7 days). Results were better compared to those of other works from the literature. 

Although the whole range of inventions related to geopolymer concretes and mortars 

patented by J. Davidovits in the last three decades have a very comprehensive 

character, numerous versions of preparing these innovative materials have not yet been 

experimentally verified, so there is a wide availability for new experiments in the 

future. 
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