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HIGHLIGHTS 

• Compared to ordinary Portland cement concretes (OPCC), the Granulated Blast furnace slag (GBFS) - based 

Geopolymer concrete (GPC) has better durability  and  microstructural properties against at room temperature and 

under heat. 

• The whole durability and microstructural properties of the GPC increased by the addition of nano-silica (NS). 

• By using the NS, the concrete paste microstructure became denser and more homogeneous, and the pores 

decreased. 

• NS addition to GPC under a heating treatment reduces the level of Water absorption and Water permeability. 

• The improvement of the durability and microstructural properties of the GPC was assessed and approved using 

the Scanning electron microscope (SEM), X-Ray Diffraction (XRD), X-Ray Fluorescence (XRF) tests.  
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Abstract 

Geopolymer concrete (GPC) are known as green and nature-friendly concretes.  In the current 

research, GPC based on granulated blast furnace slag (GBFS) was used with 0-2% polyolefin 

fibers (POFs) and 0-8% Nano silica (NS) to improve its structure.  After curing the specimens 

under dry conditions at a temperature of 60 °C in an oven, then subjected to permeability test, 

water absorption test and ultrasonic pulse velocity (UPV) test at the ages of 7, 28 and 90 days. 

On the other hand, NS reduced the amount of water absorption and water permeability in 

concrete by 24 and 44%, this is due to the property of filling the pores with NS. Moreover, by 

conducting the ultrasonic, X-Ray Fluorescence (XRF), X-Ray Diffraction (XRD), and 

Scanning Electron Microscope (SEM)  tests, a microstructure investigation was carried out on 

the concrete samples. In addition to their overlapping with each other, the results indicate the 

GPC superiority over the regular concrete. Besides, it demonstrated the positive influence of 

NS addition on the UPV and microstructural properties  concretes against the heating treatment  

at the age of 90 days. Heat caused a drop in the results by destroying the concrete 

microstructure. 
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Geopolymer Concrete, Granulated Blast Furnace Slag, Nano Silica, Polyolefin Fibers, Concrete 

Microstructure. 

1. Introduction 

Geopolymers are newly emerging adhesive materials that are able to replace ordinary Portland 

cement (OPC), while producing less toxic gas CO2 and consuming less energy in the production 

process. (Ahmed et al., 2022).  For this reason, this type of concrete is known as green and 

nature-friendly concrete.  Geopolymers are materials with cement properties that are 

comparable to OPC due to environmental benefits (Lyu et al., 2022).  GPC is one of the 

innovative eco-friendly materials that has gained the attention of many researchers in the 

sustainable development of the construction industry (Sathish Kumar et al., 2022). GPC are 

known as a suitable alternative to Ordinary Portland  Cement Concrete (OPCC) due to their 

superior mechanical properties and durability. (Verma and Dev., 2022). Green concrete based 

on GPC has many environmental advantages. So that,  geopolymer concretes have lower CO2 

emissions than conventional concrete and Portland cement (Asadi et al., 2022; Memiş et al., 

2022; Jindal et al., 2022; Kanagaraj et al., 2022; Erfanimanesh and Sharbatdar., 2020).  Research 

shows that in order to reduce toxic gas CO2 up to 55%, it is necessary to use sustainable 

materials such as GPC (Asadi et al., 2022).  In the last three decades, the gigantic demand for 

sustainable and environmentally friendly concrete with reduced environmental footprints has 

resulted in the development of low carbon concretes such as GPC (Jindal et al., 2022).  GPC is 

economical, stable, environmentally friendly and durable concrete (Verma et al., 2022). GPC 

is produced under the process of geopolymerization, in which a molecular network is formed 

with Coulancy bonds. (Wong, 2022). GPC has superior mechanical properties and durability 

compared to conventional concrete (Srividya et al., 2022).  in GPC, GBFS were used as binder 

material, along with sodium hydroxide and sodium silicate solutions as activator solutions 

(Kanagaraj et al., 2022). Geopolymer adhesive materials are recognized as a potential and 



 

 

sustainable alternative to conventional concrete (Albidah et al., 2022).  Increasing the 

concentration of the molarity of active alkali solution in the composition of GPC leads to the 

improvement of the properties of GPC to a certain extent (Shilar et al., 2022).  SEM images of 

the microstructure of GPC show the superiority of this type of concrete compared to ordinary 

concrete (Amin et al., 2022). 

Recently, many efforts have been made to use nanoparticles such as NS in GPC to improve the 

properties of this type of concrete (Ahmed et al., 2022). These nanoparticles improve the 

properties of concrete by increasing the speed of the geopolymerization process (Shilar et al., 

2022). Nanoparticles, by producing a large volume of hydrated gels such as C-S-H, N-A-S-H 

and C-A-S-H by filling holes and pores, improve durability and strength in hardened concrete. 

(Ahmed et al., 2022). Several factors such as the proportion of active alkali solution, age of 

concrete curing and heat curing temperature in concrete are effective on the quality of GPC 

containing NS (Ahmed et al., 2022).  In addition, the presence of NS particles in the composition 

of GPC leads to the acceleration of the geopolymerization process. (Assaedi et al., 2019).  

According to the studies, using macro plastic fibers for concrete improvement instead of metal 

mesh and fibers has captured researchers' attention (Abbasi Nattaj Omran., 2022). the concrete-

related industries widely use polyolefin-based fibers (Alberti et al., 2015). By bridging the 

cracks in the hardened concrete mix, POF sprevent the development of cracks against the 

incoming loads (Yousefvand., 2019). By performing Crack Mouth Opening Displacement 

(CMOD) analysis, POFs with proper connection in the concrete composition and due to the 

high strength of these fibers lead to the improvement of concrete properties (Adhikary., 2019). 

Although the use of GPC as one of the emerging building materials is expanding, but the 

resistance of this type of concrete against high heat in the long term needs to be known more.  

(Amran et al., 2022). In this regard, research has shown that geopolymers, in addition to 

environmental properties, have good resistance to high temperatures (Albidah et al., 2022).   



 

 

The properties and the bonding type are different in regular and GPCs. The bonding in regular 

concretes is based on calcium oxide hydration and silicon dioxide reactions in order to form 

calcium silicate hydrate. However, the GPC bonding is established via alkaline activator contact 

with the Aluminosilicate raw materials, reshaped in the polymerization reaction product, and 

slowly cooled in a high pH medium and hydrothermal condition (hydrothermal condition is 

referred to the chemical reactions in the presence of solvent in higher pressure and temperature). 

This structure (related to the GPC) has some merits compared to the regular concrete, e.g., it 

provides better resistance performance at higher temperatures (Aslani, 2016). 

A higher temperature brings about physical and chemical changes in the concrete structure, 

accompanied by resistance performance decline and concrete destruction. Although concrete is 

one of the insulating building materials against heat, if it is exposed to a higher temperature, 

irreversible physical and chemical changes will take place. Some damages created as a result 

of concretes placement against the heat exposure are indicated as follows. Resistance 

performance decline, weight loss, and the formation of large cracks and cavities in the micro 

and macrostructure of concrete.  

The removal of evaporative water at 100 °C  

• Calcium Silicate Hydrates hydration starts at 180 °C; as the temperature increases to 

200 °C, the vapor pressure continuously elevates in the geopolymer structure. 

• The OH hydroxyl groups are evaporated at 500 °C. The dihydroxylation changes the 

Aluminosilicate structure, reducing the resistance level. 

• An intensely porous ceramic structure is formed at 800 °C. 

The changes occurring at a temperature higher than 500 °C in concrete are irreversible, and the 

changes made in the concrete behavior are more obvious at such temperatures. Some 

researchers have reported that reduction in resistance is mainly attributed to the breakdown of 



 

 

calcium hydroxide, and this phenomenon usually takes place in the temperature range between 

450 to 500 °C (Bentz et al., 2000). 

This study mainly aims to investigate the durability and microstructural properties of the GPCs 

based on the GBFS containing NS and also reinforced with POFs. In this way, while producing 

green concrete based on GPC, concrete with superior advantages over OPCC can be produced. 

For this purpose, the water absorption and water permeability tests under room temperature and 

UPV, SEM, XRD and XRF tests under room temperature and high heat have been conducted. 

2. Experimental Program and Test methods 

2.1 Materials 

In this experimental study, according to other articles (Mansourghanaei et al., 2022), the 

Portland cement type II with a 2.35 g/cm3 of specific weight according to standard En 197-1 

and the GBFS was with the density of 2.79 g/cm3 according to ASTM C989/C989M standard. 

The chemical properties of these materials are indicated in Table 1. The used fine aggregates 

with a density of 2.75 g/cm3, and the coarse aggregates with a maximum size of 19 mm and a 

density of 2.65 g/cm3 according to ASTM-C33. The curing was performed at a temperature of 

60 °C. NS was used with a purity of 99.9% and a particle size of 15-25 nm. POFs were used in 

a wavy form with a length of 30 mm under the standard ASTM D7508/D7508M. Whose 

physical properties are shown in Table. 2. 

Table 1.  Chemical compositions of materials 

Portland cement type II (%) GBFS (%) Component 

21.3 29.2 (%) 2SiO 

4.7 19.4 (%) 3O2Al 

4.3 5.8 (%) 3O2Fe 

62.7 38.6 CaO (%) 

2.1 2.8 MgO (%) 

2 2.6 (%) 3SO 

0.65 0.1 O (%)2K 

0.18 0.2 O (%)2Na 

- 0.6 (%) 2TiO 

1.12 - Free Cao 

https://fa.wikipedia.org/w/index.php?title=DIN_1164&action=edit&redlink=1


 

 

3200 2200 /gr)2Blaine (cm 

1.84 0.3 LOI (%) 

Table 2. Physical properties of the POFs 

<500 Tensile Strength (N/mm2) 

30 Length (mm) 

0.8 Diameter (mm) 

>11 Elasticity Modulus (GPa) 

2400 Bulk Density(Kg/m3 ) 

 

2.2 Mix Design 

According to other articles (Mansourghanaei et al., 2022), GPC under the standard is made in 

6 mixing designs, the first design is made of ordinary concrete and the 2nd to 5th design is 

made of geopolymeric concrete based on the slag of the slag containing different percentages 

of NS  and polyolefin fibers. A 12 M active alkali solution of NaOH and Na2SiO3 was used. 

Table 3 lists the mix designs of the specimens . 

Table 3. Details of the mix designs 

Mix 

NO 

Mix 

 ID 

 

OPC 

)Kg/m3 (  

 

GBFS 

)Kg/m3 ( 

 

Water 

)Kg/m3 ( 

Alkal

ine 

soluti

on 

 

NS 

Coarse 

aggregates 

)Kg/m3 ( 

Fine 

aggregates 

)Kg/m3 ( 

POFs 
Super 

plasticizer 

)Kg/m3 ( 

)Kg/m3 ( %   )Kg/m3 ( %  

1 OPCC 450 0 202.5 0 0 0 1000 761 0 0 9 

2 GPCNS0PO0 0 450 0 202.5 0 0 1000 816 0 0 9 

3 GPCNS4PO0 0 432 0 202.5 18 4 1000 767 0 0 10 

4 GPCNS8PO0 0 414 0 202.5 36 8 1000 718 0 0 11 

5 GPCNS8PO1 0 432 0 202.5 36 8 1000 672 24 1 11 

6 GPCNS8PO2 0 432 0 202.5 36 8 1000 646 48 2 11 

2.3 Test Methods 

After fabricating the samples, for better curing and increasing the durability  and  microstructural 

properties, the samples were at 80 °C with a thermal rate of 4.4 °C/min for 48 h. After curing 

the samples and before performing the tests, the samples were placed in an oven at 500 °C for 

1 h at the age of 90 days. In the end, by opening the oven door, the samples reached the ambient 

temperature (Wong, 2022). Then, the necessary tests were performed on concrete samples 

according to the relevant standards at ambient temperature and under high temperature. 



 

 

The water absorption test was carried out according to the standard ASTM C1585-04 and at 

first the concrete samples were dried under 50±5 °C temperature for three days. Then, after 

cooling, the samples were kept at room temperature for 15 days. A plastic cover was used to 

prevent water evaporation (Albitar et al., 2017). The water absorption coefficient was calculated 

based on the following equation (De Beer et al., 2005): 

( / )Q A
S

t
=

  

(
m

√𝑡
)                                                                                                                           (1) 

Q: volume of the absorbed water, A: area of the concrete in contact with water, and t: time. 

The water permeability test under the EN 12390-8 standard was performed on 15 cm cubic 

samples, in which the concrete samples were subjected to water pressure 50±500 k.Pa for 72 

hours. The water penetration coefficient was calculated according to the following equation 

(Ahmad et al., 2017): 

2

( / )
2

e v
K m s

ht
=

 

(2) 

e: penetration depth (m), v: volume fraction of concrete, h: hydraulic length of concrete, t: 

duration it is under water pressure. 

The UPV tests (Galan, 1967) were conducted according to ASTM C597 using a non-destructive 

ultrasonic electronic apparatus, PUNDIT MODEL PC1012, with an accuracy of ±0.1 μs for a 

transformator with a vibrational frequency of 55 kHz and a movement time accuracy of ±2% 

for the distance. 

3. Results and discussion 

3.1 The Results of the Water absorption test  

The results of the water absorption test in concrete are shown in Fig. 1. Increasing the curing 

age in concrete has led to a decrease in water penetration in concrete. In this regard, the age of 



 

 

28 days compared to the age of 7 days has experienced the superiority of the results between 

11-32% and the age of 90 days compared to the age of 28 days has experienced the improvement 

of the results of 2-18%. At the age of 90 days, GPC has 40% less water absorption than normal 

concrete. Adding silica nanoparticles to the GPC mix up to 24% and adding POFs to the GPC 

mix up to 24% improved the results. 

 

 
Fig. 1. Water absorption variations in specimens 

3.2 The Results of the  Water permeability test 

The results of the water permeability test in concrete are shown in Fig. 2. Based on these results, 

normal concrete is in the poor classification and GPC is in the average classification of concrete 

quality (Rendell et al., 2010). The results of this section indicate that GPC has 16% less water 

permeability than normal concrete. The addition of NS particles to the composition of 

geopolymeric concrete has improved the results of water permeability in this type of concrete 

by 44%. On the other hand, adding up to 2% of POFs in the composition of geopolymeric 

concrete has led to an improvement of the results by 55% (compared to samples of 

geopolymeric concrete without fibers). The permeability of water in concrete has a direct 
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relationship with the amount of porosity in the concrete composition, so that with the increase 

of porosity in concrete, the penetration of water in concrete increases. 

Fig. 3 shows the concrete sample measuring the amount of water penetration in the concrete. 

The relationship between the capillary water absorption coefficient and the water permeability 

coefficient in concrete is shown in the table in Fig. 4. 

 

 
Fig. 2. Variations in the permeability coefficients of the specimens 

 

 
Fig. 3. The amount of water permeability in the specimens 
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Fig. 4. The relationship between permeability and water absorption 

3.3 The Results of the Ultrasonic Pulse Velocity (UPV) test 

The velocity of the ultrasonic waves passing through the samples can be seen at ambient 

temperature (7,28,90 days) in Fig. 5 and under heat (90 days) in Fig. 6. The speed quality of 

ultrasonic waves based on IS 13311-1 standard in four levels as follows: Doubtful with a speed 

below 3000 m/s, Moderate with a speed of 3000 to 3500 m/s, Good with a speed of 3500 to 

4500 m/s and Excellent with a speed of More than 4500 m/s is divided. 

The results obtained in this section indicate a decline in transient ultrasonic wave velocity after 

putting concrete samples under heating treatment such that transition velocity of ultrasonic 

waves decreased by 37% and 46% in regular concrete and GPC at 500 °C, respectively. By the 

addition of 4% and 8% NS to the GPC compound, the transition velocity of ultrasonic pulse 

declined by 40% and 37%, respectively. The results indicated that the addition of fibers reduced 

the UPV. This reduction was not significant being in the range lower than 12.5%. The small 

effect of fibers on the pulse velocity was also reported, this rise can be originated from the fact 

that the pulse velocity in steel is 1.2-1.9 times more than that in GPC (Reufi et al., 2016). 

S = 9*(10-12)K + 0.0174

R² = 0.8379
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According to the obtained results in this investigation, all designs at room temperature have 

"superior" quality, and all samples at 500 °C have average and good quality (Whitehurst, 1951). 

As long as the UPV values are classified as "excellent", the concrete has no large cracks or 

pores that can affect the integrity of the specimen structure (Kwan et al., 2012). On the other 

hand, the obtained results revealed that the addition of NS increased the pulse velocity by filling 

the pores and densifying and integrating the concrete. Due to the curing in the dry environment 

of the oven, some fine cracks and pores were formed in the GPC preventing its full integrity, 

which allows for the transmission of ultrasonic pulses with higher velocities. Therefore, the 

obtained velocities were slightly lower than those of OPCC. Nevertheless, these cracks had 

very fine dimensions and could only influence the UPV having no remarkable effect on the 

compressive strength of the specimens (Ren et al., 2016). The presence of NS in mix design 

GPCNS8PO0 was very effective in making the velocity of the passing pulses close to those of 

the OPCC.  

 
Fig. 5. The variations in the ultrasonic pulse velocities of the specimens 
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Fig. 6. The variation in ultrasonic wave velocity of samples 

4. The Results of the SEM, XRD and XRF tests 

Fig. 7 demonstrates microscopic images of regular concrete containing Portland cement at 

different temperatures. Fig. 8 indicates microscopic images of GPC based on GBFS at different 

temperatures. The chemical reaction process in GPC is more than normal concrete (Du et al., 

2014). Due to the porous structure of geopolymer and micro pores at micro and nano scales, 

GPC allows water evaporation without damaging the Aluminosilicate network, leading to the 

greater durability of geopolymers than regular concrete high temperatures. Various chemical 

compounds can be seen in the Fig. 9. Microcracks, cavities, amorphous structure of 

Aluminosilicate, and ceramic structure in GPC can be seen. Compact and homogenous 

Aluminosilicate structure in geopolymer sample at room temperature, which is the results of 

geopolimarization process, is indicated. GBFS is full of calcium. In geopolymeric concrete 

based on blast furnace slag, geopolymerization products include hydrated gels such as C-S-H, 

A-S-H, C-A-S-H and N-A-S-H. These gels are the main factor of strength in hardened 

geopolymer paste. On the other hand, these gels improve durability in concrete. With the 
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passage of time, the geopolymerization process and the volume production of hydrated gels 

develop in the concrete composition. (Mansourghanaei et al., 2022). 

As can be seen in Fig. 8 for geopolymer samples at 500 °C, OH of hydroxyl groups dehydrate 

at this temperature, and OH is located on the surface and edges of each geopolymer micelle. 

The dehydroxylation process affects and declines durability properties. As the dehydroxylation 

process begins, the structure of Aluminosilicate is changing to calcium carbonate and appears 

in the form of crystal and semi-crystal structures. As crystal structures increases, microcracks 

and cavities expand. An increase in temperature leads to the formation and destruction of new 

carbonate minerals. On the other hand, as crystal structures decrease, cavities and cracks 

increase on geopolymer structure. Dehydration takes place between 100 °C and 300 °C, and 

Dehydroxylion takes place between 500 °C and 900 °C. On the other hand, heat destroys C-A-

S-H and C-S-H microstructures in GPC. Applying a great deal of heat converts amorphous 

geopolymer Aluminosilicate to a ceramic-like structure.  

 At a temperature higher than 100 °C, the sample shrinks, and cracks appear since water leaves 

geopolymer structures and the hydration process begins. According to studies conducted by 

other researchers, when vapor pressure reaches its maximum value, the compact structure of 

geopolymer with low permeability will not be able to control thermal stresses. This will lead to 

the creation of thermal cracks on the sample surface due to shrinkage. This phenomenon is 

known as the "vapor effect" (Hu et al., 2009). Besides, water evaporation from the geopolymer 

structure is accompanied by weight reduction, leading to the creation of thermal cracks due to 

shrinkage. 

At a temperature condition of 500 °C, geopolymer microstructures change and become 

destroyed, leading to crystal structure formation. In addition, at high temperatures, superficial 

and internal cracks are created on the geopolymer structure. It is attributed to calcite 

decomposition and carbon dioxide release. Carbon dioxide release creates cracks on samples. 



 

 

High expansion and extended cracks change the size and shape of samples. According to SEM 

images, the formation of extremely porous ceramic structures, water evaporation, and the 

dehydroxylation process are the main reasons behind the destruction of physical structures. 

Another reason behind the reduction in resistance of GPC at high temperatures can be attributed 

to the fact that the presence of strong alkaline activator in GPC under laboratory conditions 

produces a matrix of highly reactive Aluminosilicate gels, while a great number of unreacted 

silicate forms, which undergoes densification and swelling processes at the temperature range 

of 500 to 800 °C.  

even though fibers change the pathway of cracks or prevent them from developing, the lack of 

chemical composition between fibers and materials in GPC reduces durability. Fibers 

completely burn at 500 °C, and their empty spaces become pores and cavities. On the one hand, 

this phenomenon reduces durability features. On the other hand, these pores and cavities create 

a way for gases and water vapor formed inside concrete to leave it and prevent spalling and 

disintegration of concrete at high temperatures.  

 

Fig. 7. SEM for the OPCC at different temperatures 



 

 

 

Fig. 8. SEM for the GPC at different temperatures 

The results of spectrometry --- are shown in Fig. 9  .Fig. 9 illustrates the regular concrete XRD 

graph at 25 and 500 °C. At 25 °C, the crystal and quasicrystal phases of Aluminum Phosphate, 

Calcium Hydroxide, Titanium Oxide, Calcite, and Dolomite were observed. Besides, at 500 °C, 

Magnesium Calcium Carbonate, Carbon, Potassium Iron Magnesium Aluminum Silicate, and 

Calcium Aluminium Silicate Hydrate were observed.          

At a higher temperature, CH gel does not turn into Calcium Carbonates, e.g., Calcite. As 

indicated in the graph, the CH disappears at a higher temperature, turning into Carbon and C-

A, the main reason behind concrete's weakness at a high temperature (Rashad and Zeedan., 

2012; Morsy et al., 2012). In the range of 29, 27, 25, and 60 angles, a number of peaks with 



 

 

2200, 2000, 3000, and 3000 cm-1 heights are observed. After being exposed to heating 

treatment, a number of peaks were created at 27, 28, and 29 angles and 1250, 2800, 2300 cm-1 

heights. In part b, the XRD graph is indicated for the NS-free GPC at two 25 and 500 °C. At 25 

°C, the crystal and quasicrystal phases of Magnesium Calcium Carbonate, Silicon Oxide, 

Cristobalite, and Sodium Aluminum Silicate were observed. In addition, at 500 °C, Magnesium 

Calcium Carbonate, Silicon Oxide, Sodium Aluminium Silicate, and Calcium Carbonate 

Silicate were observed. These findings are consistent with the other researchers' findings (Fan 

et al., 2018; Türkmen et al., 2016).  

The XRD analysis indicates that most existing peaks at greater than 1000 in the GPC graph 

have taken place in a region with 26-30=2θ angles. However, for regular concrete, the peak 

region is larger, and we can observe peaks at 15-35=2θ and 60 angles. This issue can be due to 

the configuration and the difference in atomic structure among the concrete samples. Therefore, 

we can identify the materials type and the XRD peak phases by examining the peaks' formation 

angle and their relative intensity. By placing the samples under the heating treatment, we can 

see that the volume and height of the peaks are dramatically declined, demonstrating the 

weakening of the concrete structure in encountering heat. The GPC peaks range is in the range 

of 27, 28, and 29 angles. The maximum peak value for the NS-free GPC is 1300 and 1950. By 

being exposed to a heating treatment, it reaches 1500, 1700, and 1300. 

The XRD graph for GPC containing 8% NS is demonstrated in parts 25 and 500 °C. At 25 °C, 

the crystal and quasicrystal phases of Calcium Carbonate, Silicon Oxide, Pyroxene, Aluminum 

Phosphate, and Calcite were observed. Besides, at 500 °C, Silicon Oxide, Sodium Calcium 

Aluminium Carbonate Silicate were observed (Adak et al., 2017; 2014; Mustakim et al., 2021).  

With the increase of NS to the composition of geopolymeric concrete, the volume of hydrated 

gels increases, this process leads to an improvement in the strength of hardened geopolymeric 

concrete (Ahmed et al., 2022). With the increase of silica nanoparticles in the composition of 



 

 

geopolymeric concrete, geopolymeric mortar changes from crystalline to amorphous phase 

(Phoo-ngernkham et al., 2014; Nazari and Sanjayan., 2015). 

 The peaks occur at angles 27, 28, and 29, and its value is 1800, 4500, and 2200 cm-1 at an 

ambient temperature. The strong peak at 1800 to 1900 cm-1 is known as the major fingerprint 

for the geopolymer matrix, occurring at angles 26 to 29 degrees (Phair and Van Deventer., 

2002). Additionally, the 4500 peak took place at angle 28 due to NS addition. Due to being 

exposed to heating treatment, the peaks reach 2100, 1350, and 1050. 

 



 

 

 
Fig. 9. XRD patterns for samples at different temperatures 

In this research, XRF spectroscopy was performed under ASTM C989 standard. According to 

XRF results in Tables 4 and 5, compared to mixture OPCC, the SiO2 and CaO elements are 

declined by 28% in mixture design GPCNS0PO0 and the Na2O content has increased from 1.1 

to 15.1%. By adding 8% of NS, the SiO2 content increases by 85%, compared to mix 2.  



 

 

It is worth mentioning that by comparing the samples XRF in Tables 4 and 5 at different 

temperatures, we can conclude that as the temperature increases, the CaO content declines 

dramatically, such that this level of decrease has been 53% in design OPCC, 31% in design 

GPCNS0PO0, and 0.5% in design GPCNS0PO0. Besides, the temperature rise increases the 

SiO2 percentage, such that this enhancement reaches 41% in design OPCC, 85% in design 

GPCNS0PO0, and 1% in design GPCNS8PO2. Concerning the mentioned reasons in the SEM 

part, the reason behind these changes is totally rational. In this case, the lower resistance loss 

against the heat in design four can be due to more stability of the constituents when exposed to 

the heating treatment. 

Table 4.   XRF test values for samples at ambient temperature  
2SiO 3O2AL CaO MgO O2K O2Na 3O2Fe LOI 2TiO 3SO 

Mix1 27.12 5.63 37.16 2.11 0.91 1.1 7.2 16.4 0.47 1.59 

Mix2 19.57 8.07 26.81 5.05 1.01 15.1 5.64 16.04 0.961 1.16 

Mix4 36.33 7.01 15.2 3.01 1.05 12.87 3.94 15.7 1.17 2.8 

Table 5.   XRF test values for samples at 500 °C 
 2SiO 3O2AL CaO MgO O2K O2Na 3O2Fe LOI 2TiO 3SO 

Mix1 38.25 9.87 17.41 1.95 1.34 1.32 9.85 16.77 0.52 2.41 

Mix2 36.32 8.41 18.41 2.32 1.41 2.1 7.92 19.48 0.74 2.52 

Mix4 39.87 8.21 15.12 3.14 1.5 4.87 8.24 12.95 0.87 3.54 

5. Conclusions  

A major advantage of lab testing is that the samples aretested under controlled conditions 

(Fallah Hosseini and Hajikarimi., 2019). The addition of NS and POFs in GPC based on slag 

of forging furnace leads to improvement of mechanical properties and durability in this type of 

concrete (Mansourghanaei et al., 2022).   

1. In most of the tests of this laboratory research, the superiority of the properties of green 

concrete based on GPC compared to OPCC was obtained under ambient temperature and high 

temperature. 



 

 

2. Applying heat of 500 ℃ has caused fundamental changes in the microstructure of OPCC and 

GPC, these changes are due to evaporation of water from chemical bonding spaces in hydrated 

gels, which has weakened the durability properties of concrete.  

3. In the water permeability test in concrete, the addition of NS  up to 55% and the addition of 

POFs up to 44% improved the results. 

4. Reduction of capillary water adsorption results and water permeability in fiber-containing 

samples can be attributed to fiber type, bonding in interfacial transfer zones and non-uniform 

distribution of fibers in geopolymer cement paste. Research has shown that excessive use of 

fibers (more than 2%) in concrete composition may lead to uneven distribution of fibers and 

consequently weaken the concrete structure against the forces (Connolly et al., 2014). 

5. The ultrasonic wave velocity determining test indicates the high quality of all concrete 

samples at an ambient temperature and its higher than medium quality at 500 °C. Accordingly, 

NS addition increased the velocity of the waves by filling the cavities and concretes uniformity. 

6. The results of SEM, XRD and XRF tests well demonstrated the filling of the pores by the 

nanoparticles and densification of the concrete structure and bridging between the cracks by the 

fibers and were in coordination with the results of all tests performed in this study.  
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