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Abstract: Natural rocks of magmatic origin are alternative precursors in alkali-activated materials and provide 
opportunities in the search for more environmentally friendly binders compared to portland cement. The pumice 
is one of these rocks and its amorphous structure and chemical composition make it one of the candidates as a 
precursor in producing geopolymer binder when finely ground. Since the majority of the pumice reserves are 
located in Turkey increases its potential utilization in this area, even more. This paper evaluates the physical, 
mechanical, and microstructural properties of geopolymer pastes and mortars manufactured with pumice powder 
(PP) and ground granulated blast furnace slag (BFS) with the activating agents sodium hydroxide (NaOH), 
potassium hydroxide (KOH), and sodium silicate (SS) solution. The experimental results showed that the 
compressive strength of the geopolymer pastes was mainly affected by the activator concentration and the PP ratio, 
rather than the activator type, for single activator mixes. However, the incorporation of SS changed this trend as 
the KOH and SS combination resulted in higher compressive strength compared to the NaOH and SS. The gradual 
increase of the PP ratio in the mix design decreased the density and thermal conductivity, on the other hand, 
increased the water absorption values of the geopolymer mortars. However, the physical properties were 
insignificantly changed in geopolymer mortars incorporating 60, 70, and 80% of PP in the binder.  
Keywords: Geopolymer; Pumice powder; Blast furnace slag; Compressive strength; Microstructure.  

 
 
1. Introduction 

 
Concrete is utilized more extensively throughout the world on a volume basis than any other engineered material 

because of its indispensable role in the construction industry. Cement production, the essential ingredient in 
concrete, accounts for about 5–8% of all other anthropogenic CO2 emissions [1,2]. In addition, concrete industries 
are experiencing challenges due to a limited supply of raw materials in response to meet the growing need for 
cement and concrete. The current annual production of portland cement has reached approximately 4.1 billion 
metric tons worldwide [3] even though each ton of portland cement production leads to about 0.94 tons of CO2 
emissions [4], and cement manufacturing involves an energy-intensive process requiring high thermal energy for 
calcination to occur [5]. This large-scale production of portland cement has led to both the rapid consumption of 
energy, natural resources and the emergence of various environmental challenges.  

The cement manufacturing industry has started to acknowledge the importance of alternative binders in a 
carbon-constrained industry, provided that there are substantial reductions in CO2 emissions along with enhanced 
performance only offered by these alternative binding systems [6] such as geopolymers. Davidovits first 
introduced geopolymers as inorganic materials rich in silicon (Si) and aluminum (Al). Geopolymers are 
synthesized by the reaction of a solid aluminosilicate powder with highly concentrated aqueous alkali hydroxide 
or alkali silicate solution [7].  The range of reported CO2 values for geopolymer concrete compared with portland 
cement is significant, with an estimate of up to 80% less than the portland cement [8,9].  

In general, the raw materials (also known as the precursors) used in the production of geopolymer binders are 
blast furnace slag [10–13], fly ash [11,14,15], metakaolin [15–18], waste glass powder [19], clay [20,21], natural 
pozzolans [22], and other aluminosilicate materials but studies on the utilization of other potential types of 
precursors for geopolymerization such as pumice powder (PP) which is rich in Si and Al are limited compared to 
that of other precursors such as metakaolin, blast furnace slag, and fly ash. 

Pumice is a natural lightweight material produced by releasing gases during the solidification of lava during 
volcanic activity. The porous structure of pumice is due to the formation of bubbles or air voids when gases 
contained in the molten lava flowing from volcanoes are entrapped on cooling [23]. About 40% of world pumice 
reserves are present in Turkey [24] which provides several opportunities for its efficient utilization in concrete 
generally as a lightweight aggregate [25–28] or as a cement replacement material [23,24,29,30].   
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The scientific research papers on the utilization of PP as a precursor in geopolymer binders are limited but 
increasing in recent years. Safari et al. [31] studied the mechanical properties of pumice-based geopolymer paste 
with an alkaline solution of sodium hydroxide and sodium silicate cured at different temperatures and durations. 
They claimed that optimum compressive and flexural strength could be obtained with the alkali solution of 
concentration 12 M cured at 60°C for 120 hours. Occhipinti et al. [32] investigated the geopolymerization of 
pumice and metakaolin blend, at different weight ratios, activated with sodium hydroxide and sodium silicate 
solution cured at 25±3 °C and concluded that alkali-activated mixture of pumice with metakaolin (20–30 wt%) 
performed with appropriate compressive strength than that of pumice only. In addition, pumice can be potentially 
utilized as light aggregate in the binary mixture with metakaolin to obtain structural elements with low dry unit 
weight and well accessible porosity, they further added. Allahverdi et al. [33] studied pumice-based geopolymer 
paste activated with an alkaline solution of NaOH and SS with various silica moduli and Na2O concentrations and 
found a relatively high compressive strength up to 47 MPa at the age of 28 days.  

The present study aims to contribute to the knowledge on the PP-based geopolymer materials by investigating 
the effect of alkali activator type and concentration as well as the PP and BFS mix ratio on the physical, mechanical 
and microstructural properties of ambient cured geopolymer paste and mortar. 

 
2. Materials and methodology  
 
2.1 Materials 

The pumice used in this study was supplied from Nevşehir city, located in the central Anatolia region of Turkey. 
The pumice was initially dried in the oven at 105 °C for 24 hours and then mechanically ground by using a disc 
grinder. The BFS was obtained from a local steel manufacturing company in Turkey. The appearance and the 
chemical composition of PP and BFS are shown in Fig. 1 and Table 1, respectively. The PP is highly siliceous, 
and according to ASTM C618, it could be considered as a comparatively reasonable natural pozzolan based on its 
chemical composition. Fig. 2 displays the X-Ray Diffraction (XRD) patterns of PP and BFS showing that both of 
the materials are mainly amorphous in structure. Furthermore, the SEM micrographs of PP and BFS are presented 
in Fig. 3 which show that the PP is distinguished with its hollow structure and comparatively coarser particles 
compared to BFS. The specific gravity of PP and BFS were determined as 2.34 and 2.91, respectively. Siliceous 
sand with a particle density of 2.67 g/cm3 was used as fine aggregate in the mortar mixes. The particle size 
distribution of PP, BFS, and sand are presented in Fig. 4 which clearly shows that the BFS was finer than the PP, 
with a median particle size (d50) of 9.93 µm compared to 26.3 µm. The activation of the binders was performed 
using sodium hydroxide (NaOH), potassium hydroxide (KOH), and sodium silicate solution (SS) as the alkaline 
activators. The properties and purity of the alkaline activators are shown in Table 2. NaOH and KOH pellets had 
densities of 2.13 g/cm3 and 2.04 g/cm3 respectively. SS used in the present study had a silica modulus (SiO2/Na2O) 
of 3.3 and a density of 1.35 g/cm3. The chemically bound Na2O and SiO2 in SS were 8.4% and 27.8% respectively 
as per the information provided by the supplier. 

   
Fig. 1. The appearance of (a) PP and (b) BFS 

 
Fig. 2. XRD patterns of PP and BFS 
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Table 1. Chemical compositions of PP and BFS 
Chemical composition (%) PP BFS 
CaO 0.10 37.50 
SiO2 77.52 39.00 
Al2O3 12.99 12.50 
Fe2O3 1.50 1.00 
MgO 0.40 5.00 
Na2O 0.12 0.60 
K2O 0.95 0.20 
SO3 0.52 0.20 
Loss on ignition 5.42 0.02 
Specific gravity 2.34 2.91 
Specific surface (Blaine, cm2/g) - 5300 

 

  
Fig. 3. SEM micrographs of (a) PP and (b) BFS 

 

 
Fig. 4. Particle size distribution of PP, BFS, and sand 

 
Table 2. Properties of alkaline activators 

Properties Sodium 
hydroxide 

Potassium 
hydroxide 

Sodium silicate 
solution 

Molecular formula NaOH KOH Na2SiO3 
Molecular weight (g/mol) 40.00 56.11 122.06 
Appearance Solid Solid Gel 
pH >14.0 13.5 11.0-11.5 
Relative density (g/cm3) 2.13 2.04 1.35 
Na2O (%) - - 8.4 
SiO2 (%) - - 27.8 
H2O (%) - - 63.8 
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2.2 Mix proportions 
Geopolymer pastes were prepared with alkaline solutions NaOH, KOH, and mixtures of NaOH or KOH with 

SS. The NaOH and KOH pellets were mixed with tap water and left to cool down before mixing. Also, SS solution 
was added for the mixes that contained SS. The mix proportions of pastes and mortars are depicted in Table 3. The 
total water content in the relevant mixes was corrected by deducing the chemically bound water present in the SS. 
All geopolymer pastes contained 80% of PP by mass, and the remaining 20% was BFS. The notations for 
addressing the mixes along with their definitions are shown in Table 4 for some mixes. A total of 16 mixes, 
including paste and mortar samples, were prepared. The water-to-binder (w/b) ratio was 0.34 for all paste mixes, 
and the molarity of NaOH and KOH varied as 4, 6, and 8. The samples containing SS can be identified separately 
with the notation “SS” in which the number followed by SS denotes the ratio of SS to NaOH or KOH pellets by 
mass (Table 4).   

The mortar samples were prepared with the alkaline solution containing KOH and SS, in which the ratio of SS 
to KOH pellets by mass was constant as 1.0, and the concentration of KOH was kept constant as 6 M. The 
geopolymer mortars contained 50 to 80% of PP by mass, and the remaining was BFS. In addition, the binder and 
the sand fractions were 50% each by volume, and the w/b ratio was 0.50 in all mortar mixes.  

 
Table 3. Mix proportions (kg/m3) 

Material Specimen ID Binders Sand Alkaline activators 
PP BFS NaOH KOH SS 

Geopolymer 
paste 

P-4N 1070 268 - 73 - - 
P-6N 1070 268 - 109 - - 
P-8N 1070 268 - 146 - - 
P-4K 1070 268 - - 102 - 
P-6K 1070 268 - - 153 - 
P-8K 1070 268 - - 204 - 
P-4N-SS1.0 1070 268 - 73 - 73 
P-6N-SS1.0 1070 268 - 109 - 109 
P-8N-SS1.0 1070 268 - 146 - 146 
P-4K-SS1.0 1070 268 - - 102 102 
P-6K-SS1.0 1070 268 - - 153 153 
P-8K-SS1.0 1070 268 - - 204 204 

Geopolymer 
mortar 

M50 284 284 1335 - 96 96 
M60 337 225 1335 - 96 96 
M70 390 167 1335 - 96 96 
M80 441 110 1335 - 96 96 

 
Table 4. Mix notations and definitions for some mixes 

Mix ID Definition 
P-4N Paste sample containing 4M NaOH 
P-6K Paste sample containing 6M KOH 
P-4N-SS1.0 Paste sample containing 4M NaOH and SS-to-NaOH ratio 1.0 
P-4K-SS1.0 Paste sample containing 4M of KOH and SS-to-KOH ratio 1.0 
M50 Mortar sample in which PP replaces BFS 50% by mass  

 
2.3 Mixing, curing, and preparation of test specimens 

The alkaline solution was prepared before the mixing and poured into the precursor blend containing PP and 
BFS to obtain the geopolymer paste samples. During mortar mixing, the sand was introduced steadily after 30 s of 
paste mixing. The mixing continued for about 3 minutes to obtain a homogenous mix. The cubic specimens of 
dimensions 50×50×50 mm3 were produced for the compressive strength test of both paste and mortar. Furthermore, 
cylindrical specimens of 200 mm in height and 100 mm in diameter were prepared to determine the physical 
properties of the mortars. Prism specimens with dimensions of 120×60×30 mm3 were manufactured to determine 
the thermal conductivity coefficient of the mortar mixes. The fresh paste or mortar was poured into the relevant 
molds and wrapped with plastic film to prevent evaporation. The specimens were kept in the laboratory for 24 h 
before demolding. The demolded specimens were then transferred and stored in the humidity cabinet in which the 
temperature and the relative humidity (RH) were constant as 21±1°C and 55±2% until the specified testing ages. 
It is important to mention that, during mixing, the workability of the paste samples significantly reduced with 
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increased NaOH molarity. On the other hand, an opposite trend was noticed where the workability of the paste 
samples improved with increased KOH concentration. 

 
2.4 Testing procedure  
 
2.4.1. Mechanical and physical tests 

The compressive strength test of the paste and mortar mixes was performed on the 50 mm cubic specimens in 
accordance with ASTM C109. Three samples were tested for each mix at 3, 7, and 28 days and the average values 
were recorded. 

The physical properties of the mortar mixes were determined at the age of 28 days on the cylindrical specimens 
(100 mm in diameter), cut into a height of 50 mm. The tests were conducted on 3 samples for each mix and the 
average was recorded. The water absorption, oven-dry density, and voids content of the samples were determined 
following the BS 1881 and ASTM C642 standards and using the following equations.  

 
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 (%) = (𝐵𝐵1 𝑜𝑜𝑜𝑜 2−𝐴𝐴)

𝐴𝐴
× 100        (1) 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 − 𝑑𝑑𝑑𝑑𝑑𝑑 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝐴𝐴
(𝐶𝐶−𝐷𝐷)

                             (2) 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (%) = (𝐶𝐶−𝐴𝐴)
(𝐶𝐶−𝐷𝐷)

× 100         (3) 
 
In these equations A represents the oven-dry mass, B1 and B2 represents the saturated surface dry mass after 

immersion in water for 30 minutes and 48 hours respectively, C represents the soaked, boiled, and surface-dried 
mass, and D represents the apparent mass of the specimens in water after immersion and boiling.   

The thermal conductivity test was performed on prismatic mortar samples. Three samples were used for each 
mix to determine the thermal conductivity coefficient using a quick thermal conductivity meter, QTM 500 
instrument (Kyoto Electrics, Japan), with a measuring range of 0.023-12.0 W/mK. The precision and 
reproducibility of the instrument are reported as ±5%, and ±3%, respectively. QTM-500 follows the hot wire 
methodology described in ASTM C 1113, which has been used to determine the thermal properties of several 
materials [34–36]. During the test, an impulse of thermal flow is supplied into the sample with a heating hot wire 
installed in the measuring probe. The probe is then pressed on the flat surface of the test sample. The temperature 
rise is registered with a thermistor, and the thermal conductivity is calculated from the test data acquired from the 
measuring probe [37]. 

 
2.4.2. Microstructural analysis 

PANalytical X’Pert PRO diffractometer which uses Cu tube radiation was employed to identify the phase 
compositions of the selected paste samples at the age of 28 days. The X-Ray Diffractometer (XRD) patterns were 
collected in the scan range of 5-90° (2θ), and with a step size of 0.017°. Zeiss EVO® LS 10 SEM instrument (Carl 
Zeiss Microscopy GmbH, Germany) equipped with energy dispersive spectroscopy (SEM-EDS) was used to 
characterize the microstructure and determine the chemical composition of the selected paste samples after 28 d 
of hydration.  

 
3. Results and discussion 
 
3.1 Compressive strength 

The compressive strength of the geopolymer paste mixes was investigated using different concentrations of 
NaOH, KOH independently, and in combination with SS, and the results are presented in Figs. 5-6 and Table 5. 
Test results given in Fig. 5 shows that the mixes containing 4M of NaOH and KOH had the highest compressive 
strength at the age of 28 days. On the other hand, the mix with 6M NaOH concentration had the lowest strength at 
28 days, and the mixes with 6M and 8M of KOH solution had comparable compressive strength at all ages. 

The effect of the inclusion of SS with varying molarities of NaOH and KOH on the compressive strength of 
geopolymer paste samples are presented in Fig. 6, in which the ratio of SS to NaOH or KOH by mass was 1.0. The 
results showed that the paste mixes containing KOH and SS alkaline solution had higher compressive strength 
compared to that of the mixes with NaOH and SS, and the highest strength at 28 days was observed as 29.0 MPa 
in P-6K-SS1.0 mix. Consequently, the highest strength-giving alkaline activator combination of 6M KOH and 
SS/KOH ratio of 1.0 in the paste mixes were used to manufacture the mortar samples. 

The mortar mixes were manufactured with varying ratios of PP from 50% to 80% by mass of BFS. The 
compressive strength results of the mortar mixes are presented in Fig. 7 and Table 6. Test results showed that the 
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compressive strength gradually decreased with the increase in PP content, and the compressive strength of the 
geopolymer mortars ranged from 10.6 to 24.5 MPa.  

 

  
Fig. 5. The compressive strength of paste samples with different concentrations of (a) NaOH and (b) KOH 
 

   
Fig. 6. The compressive strength of paste samples containing SS: (a) The effect of NaOH molarity and (b) The 
effect of KOH molarity 

     
Table 5. Compressive strength results of the geopolymer paste mixes  

Specimen ID Compressive strength (MPa)  
3d 7d 28d 

P-4N 2.8 ± 0.4 8.8 ± 0.2 16.1 ± 1.1 
P-6N 4.4 ± 0.1 7.1 ± 0.6 12.3 ± 0.1 
P-8N 4.5 ± 0.2 6.4 ± 0.1 15.5 ± 0.9 
P-4K 6.0 ± 1.1 10.5 ± 1.1 18.5 ± 0.1 
P-6K 3.2 ± 0.6 5.9 ± 0.2 14.4 ± 0.3 
P-8K 4.3 ± 0.1 7.1 ± 0.2 14.6 ± 1.2 
P-4N-SS1.0 3.7 ± 0.7 8.2 ± 1.8 16.0 ± 0.1 
P-6N-SS1.0 2.7 ± 1.0 10.1 ± 1.1 16.7 ± 0.8 
P-8N-SS1.0 3.0 ± 0.2 5.4 ± 0.7 11.2 ± 0.3 
P-4K-SS1.0 3.3 ± 0.4 10.7 ± 1.6 26.0 ± 0.6 
P-6K-SS1.0 3.6 ± 1.2 17.2 ± 1.1 29.0 ± 1.9 
P-8K-SS1.0 6.9 ± 0.8 14.9 ± 0.3 28.2 ± 1.0 
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Fig. 7. The compressive strength of geopolymer mortars 

 
Table 6. Compressive strength results of the geopolymer mortar mixes  

Specimens 
Compressive strength (MPa) 

3d 7d 28d 
M50 15.1 ± 0.4 20.8 ± 0.3 24.5 ± 0.7 
M60 10.7 ± 0.1 15.0 ± 0.1 19.1 ± 0.1 
M70 7.5 ± 0.1 11.1 ± 0.1 14.5 ± 0.5 
M80 4.2 ± 0.2 6.7 ± 0.2 10.6 ± 0.1 

 
3.2 Oven-dry density, water absorption and voids content 

The oven-dry density, water absorption, and voids content results of the mortar mixes are presented in Table 7 
and Fig. 8. The oven-dry density of the geopolymer mortars ranged between 1873 and 1927 kg/m3. The gradual 
increment of PP in the mortar decreased the density as revealed in Fig. 8. The water absorption of the mortar mixes 
was determined at 30 minutes, 48 hours, and after immersion in boiling water. The increase in PP content from 50 
to 60% increased the water absorption values and the voids content. On the other hand, a further increase in the 
PP ratio slightly altered the water absorption and the other physical properties tested.  

 
Table 7. Physical properties of mortar mixes 

 

 
Fig. 8. Water absorption and voids content of mortar mixes 
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Specimens 
Oven-dry 
density 
(kg/m3) 

Water absorption 
(30 min) 

(%) 

Water absorption 
(48 h) 
(%) 

Water absorption 
after boiling 

(%) 

Voids 
content 

(%) 
M50 1927 ± 7.0 7.5 ± 0.2 8.7 ± 0.2 11.6 ± 0.1 22.4 ± 0.1 
M60 1894 ± 7.3 8.5 ± 0.2 9.2 ± 0.1 12.7 ± 0.2 24.0 ± 0.4 
M70 1885 ± 22.1 8.6 ± 0.1 9.2 ± 0.1 12.5 ± 0.1 23.4 ± 0.1 
M80 1873 ± 19.7 8.4 ± 0.4 9.0 ± 0.4 12.8 ± 0.5 23.9 ± 0.7 
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3.3 Thermal conductivity 
The thermal conductivity of the mortar mixes is presented in Fig. 9 along with their oven-dry density values. 

The thermal conductivity of the geopolymer mortar samples decreased consistently with the increment of the PP 
ratio. The lowest thermal conductivity was observed in the M70 mix as 0.558 W/mK which is 45% lower than the 
M50 mix. The reason behind the decrement of thermal conductivity might be due to the presence of voids within 
the PP particles (Fig. 3a) and the increased amount of voids within the mortar matrix compared to the M50 mix 
(Fig. 8).  

 

 
Fig. 9. Thermal conductivity and oven-dry density of mortar mixes 

 
3.4 Microstructural analysis 

Figs. 10 and 11 show the SEM micrographs of the geopolymer pastes corresponding to the M50 and M80 mortar 
mixes. The geopolymer pastes show clear signs of unreacted PP particles distributed in the matrix which increase 
with an increase of PP content in the mix composition. The microstructure of M50 was more homogeneous 
compared to that of M80 but contained several micro-cracks which might be due to the higher BFS content causing 
higher shrinkage and cracks [38–41]. Table 8 summarizes the main chemical elements of the paste samples in the 
analyzed area and their atomic ratios determined from the EDS analysis. The samples predominantly contained Si, 
Ca, and K elements indicating that the reaction products of geopolymer pastes consist of the intermixed 
microstructure of geopolymeric C-A-S-H and K-A-S-H gels. The mix composition of the geopolymer pastes 
resulted in variation of the detected elements in the scanned area and therefore the structure of the reaction 
products. The increase in BFS content (M50) mainly increased the Ca and Mg ratio. On the other hand, the increase 
in PP content (M80) mainly increased the percentage of the Si. The Ca/Si and Si/Al ratios of M50 were 0.7 and 
3.2, and M80 were 0.1 and 5.0, respectively. The increasing Ca/Si and Si/Al ratios are reported to be favorable in 
the formation of strength-giving compounds [42,43]. However, the high amount of unreacted PP particles in the 
analyzed area might be responsible for the higher Si content in M80 which makes it imprecise to correlate with 
the strength. Furthermore, the reduced CaO in the powder blend with the increase in PP content, also observed in 
the EDS spectra of the paste samples, might have hindered the strength development of M80 than that of M50. 

 

 
Fig. 10. SEM micrograph and EDS spectra of M50 geopolymer paste 
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Fig. 11. SEM micrograph and EDS spectra of M80 geopolymer paste 

 
Table 8. EDS analysis results 

Element 

Atomic % 
M50 M80 

NaK 2.7 0.8 
MgK 1.8 0.1 
AlK 4.2 4.7 
SiK 13.5 23.7 
KK 8.1 7.0 
CaK 9.1 3.2 
Si/Al 3.2 5.0 
Ca/Si 0.7 0.1 

 
The XRD patterns of the geopolymer pastes corresponding to the M50 and M80 mortar samples are shown in 

Fig. 12. The XRD patterns of the pastes exhibited similar compositions, however, the peak intensities of M50 were 
slightly higher than that of M80 which can be attributed to the presence of higher BFS in the mix composition of 
M50. Furthermore, the XRD spectra of the M50 sample showed a broader hump between 20° and 40° representing 
the presence of a more intense geopolymer phase compared to M80. In slag-based geopolymers, C–S–H gel co-
exists with alumino-silicate compounds (C-(N-)A-S-H) and can be identified by crystalline peak approximately at 
29°–30° [39,44]. The identified peaks in the geopolymer samples were mainly C-(N)-A-S-H, CaCO3, SiO2, and 
hydrotalcite. The aluminum not incorporated into the C-A-S-H might form other reaction products. Hydrotalcite, 
for example, is one of these secondary products, with reflections observed at 11.4°, 22.8°, 34.3° and 46.1° 2θ in 
Fig. 12. Hydrotalcite possesses a brucite-type layer structure with the interlayer region containing CO3

2− ions and 
water molecules [45]. The geopolymeric gel appeared to increase with an increase in slag content (M50) which 
also explains the higher compressive strength achieved in M50. As can be noticed, the PP did not completely 
participate in the geopolymerization reactions and some of its crystalline phases such as SiO2 remained unchanged 
in the consolidated matrix. In addition, the presence of alumino-silicate compounds (Si-O-Al network) can be 
clearly noticed in the M50 paste by peaks corresponding to 33-34° [46]. The absence of crystalline Ca(OH)2 peaks 
in the paste samples suggest the occurrence of a preferential reaction between unstable and reactive Ca from 
portlandite and the alkali silicate solution, likely forming amorphous hydrated gel phases within the geopolymer 
matrix or acting as an ionic substitution in the network of the alkali-activated material [47,48].  
 
4. Conclusions 
 

The physical, mechanical, and microstructural properties of pumice powder and blast furnace slag based 
geopolymer paste and mortars are investigated. Two types of alkali activators, their concentration, as well as their 
combination with different ratios of sodium silicate, were considered as the main parameters. Based on the research 
findings, the following conclusions may be drawn: 

1) The use of sodium silicate and potassium hydroxide as an activator for pumice powder and blast furnace slag 
blend resulted in higher compressive strength compared to sodium hydroxide and sodium silicate. The highest 
strength at 28 days was observed as 29 MPa in the geopolymer paste P-6K-SS1.0. 

2) The gradual increase of the pumice powder ratio in the mix design decreased the density and thermal 
conductivity, on the other hand, increased the water absorption values of the geopolymer mortars. However, the 

Unreacted PP 
particles 
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physical properties were insignificantly changed in geopolymer mortars incorporating 60, 70, and 80% of pumice 
powder in the binder. 

3) Thermal conductivity of the geopolymer mortars decreased consistently with the increase in pumice powder 
ratio and the lowest thermal conductivity coefficient was observed in the M70 mix as 0.558 W/mK (slightly lower 
than M80) which was 45% lower than the M50 mix. 

4) The microstructural analysis supported the higher compressive strength achieved with a higher slag ratio. On 
the other hand, the pumice powder with higher ratios failed to interact completely in the geopolymeric reactions 
and rather remained dispersed in the matrix as a filler material. The hollow structure of the unreacted pumice 
powder particles reduced the strength which may limit its use in higher ratios beyond 50% when higher mechanical 
properties are desired. 

 
Fig. 12. XRD spectra of M50 and M80 geopolymer paste 
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