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Abstract  A study has been carried out to produce 

environmentally friendly lightweight concrete by total 

replacement of cement with fly ash and metakaolin as 

binder material by adopting the pre-formed foam method. 

In this research, a geopolymer paste was produced by 

mixing fly ash or metakaolin with an alkali solution of 

sodium silicate and sodium hydroxide. Five mixes were 

produced at a density of 1000 kg/m3 as four foamed 

geopolymer concrete and one conventional foamed 

concrete made with cement paste as a binding medium. 

During the laboratory work, many trials were carried out to 

solve the segregation of the cellular structure from the 

mortar. From the results, it was noticed that the pore 

merging is more evident in foamed concrete mixes rather 

than in foamed geopolymer concrete mixes. In addition, 

the pore structure of fly ash-based geopolymer concrete is 

finer than that of metakaolin-based concrete geopolymer. 

The greater degree of pore merging resulted in forming of 

larger irregular voids and wider distribution of pore sizes 

and finally reducing strength. In general, the permeation, 

mechanical and thermal properties of foamed mixes made 

with geopolymer pastes are better than those of foamed 

mix made with cement paste. For a geopolymer paste, 

using metakaolin and fly ash C in combination helped in 

achieving the best properties i.e. reduction in water 

absorption by 34%, increasing strength by 78% and 

decreasing thermal conductivity by 44%. 

Keywords  Foamed Concrete, Geopolymer, Fly Ash, 

Metakaolin, Image Analysis, Pore Structure, Strength 

1. Introduction

The demand for concrete is rising with the growing 

world infrastructural needs leading to an increase in the 

demand for its binder (cement) [1]. Due to its good 

mechanical properties, high durability and raw material 

availability, Portland cement concrete is used in a variety 

of constructional applications [2]. In addition to the 

different stages of the cement production process, burning 

it at extreme temperatures (around 1400 to 1600°C) 

consumes a lot of energy and emits carbon dioxide during 

the combustion of its raw materials. About 7% of the total 

carbon dioxide produced globally is emitted in this cement 

production process [3]. 

It was reported that 1 ton of Portland cement, not only 

about 1 ton of CO2 will be emitted but also 2.5 tons of 

resources will be used [4]. To reduce CO2 emissions 

related to the cement industry, two options should be 

followed [5]: firstly, using supplementary cementitious 

materials to partially replace Portland cement to conserve 

raw resources, energy and Greenhouse gas; secondly, by 

total replacement of cement with clinker-free cement. 

Alkali-activated binder (geopolymer) has recently 

emerged as a viable alternative to cement paste. It is 

produced by mixing aluminosilicate source materials, such 

as fly ash (FA) or metakaolin (MK) with alkali activator 

solution (sodium silicate solution (SS) with sodium 
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hydroxide solution (SH)) [6]. 

A reaction between an aluminosilicate source and alkali 

activator under very alkaline circumstances is called 

Geopolymerization which results in the creation of 

polymer i.e. Si-O-Al-O- links [7]. These links can be 

broken down into three stages: oligomerization, 

aggregation, and condensation. 

In the 1970s, Davidovits described geopolymers as 

semi-crystalline 3D aluminosilicate material, while the 

word "geopolymer" was used for the first time in 1978 [8]. 

It was reported that depending on its raw materials and 

alkali activators, the produced geopolymer concrete may 

have better properties than those of Portland cement 

concrete [2]. 

On another side, to design and build buildings with less 

dead load and better acoustic/ thermal insulation 

capabilities, lightweight construction material should be 

developed. Lightweight geopolymer concrete has attracted 

a lot of attention due to its very good durability, minimum 

effects on the environment and long-term sustainability 

[9]. 

Foamed geopolymer concrete combines the advantages 

of foamed (porous) concrete and geopolymer technology 

which is not only achieving structural benefits but also has 

lower environmental impacts [10]. In a review on foam 

geopolymer concrete, different reactions of foaming agents 

liberating gas bubbles (not foam bubbles) during 

geopolymerization were highlighted and some properties 

such as thermal conductivity, acoustic property and fire 

resistance were discussed [11]. 

Many published researches investigated the properties 

of foam (cellular) geopolymer concrete made with foam 

bubbles produced by chemical methods [12–15]. However, 

very few researches have been done on foamed 

geopolymer concrete where the added foam is produced by 

the foaming method, especially the pre-formed foam 

method. Zhang and Wang [12] successfully manufactured 

foamed geopolymer concrete by mixing a blend of 

alkali-activated fly ash and slag (70% fly ash/ 30% slag) 

with 0–16% pre-formed foam without using fine sand as 

filler. It was found that the pore structure features of the 

produced foamed geopolymer concrete depend on the 

added foam volume and its pore size distribution extremely 

affects the concrete compressive strength. The factors 

influencing the properties of cellular geopolymer concrete 

(aeration by a chemical method with Aluminum powder, 

Al) using low calcium fly ash through an alkali activation 

(sodium-based) at many curing temperatures were 

examined by Kumar and Ramamurthy [14]. It was stated 

that the production technology of foamed fly ash-based 

geopolymer concrete has not been studied and investigated 

well yet [16] and this area requires more technological 

developments and research [11]. Therefore, this research 

aims to produce foamed geopolymer concrete by adopting 

the pre-formed foam method and using waste (fly ash) or 

natural (metakaolin) materials as an aluminosilicate 

source. 

2. Experimental Details 

2.1. Materials 

For cement paste, ordinary Portland cement type I which 

conforms to ASTM C 150M-15 [17] was used as a binder 

material. While for geopolymer paste, high (Type C) and 

Low (Type F) calcium fly ash which conforms to ASTM C 

618 [18] were used as a waste aluminate and silicate source. 

In addition, as a natural source; metakaolin (prepared by 

heating the kaolin to 750°C for 90 minutes) was used as a 

natural aluminate and silicate source [19]. The chemical 

compositions of the above binder materials determined by 

X-Ray fluorescence (XRF) analysis are shown in Table 1. 

As an activation liquid; sodium silicate solution (SS) and 

sodium hydroxide solution (SH) were mixed. A sodium 

silicate solution (SS) was used with a concentration of  

45.9% i.e. 54.1% water. In addition, the weight proportion 

of SiO2 to Na2O equals 2.4, (13.4% of Na2O and 32.5% of 

SiO2) and its viscosity is 1100 CPS at 20°C. A sodium 

hydroxide solution (SH) was prepared by dissolving NaOH 

(99% purity) in water [20]. 

Drinkable water was used as mixing water for 

conventional foamed concrete mix. For cement and 

geopolymer mortar; fine aggregate (maximum size of 2.36 

mm) was used as a filler material [21]. 

Finally, for concrete, foam bubbles generated by diluting 

a foaming agent with water (40g of water with 1g of a 

foaming agent to generate 1 litter of foam) were added to 

the wet mixture during a mixing process. The solution of a 

foaming agent and water was compressed with air in a 

foam generator at the pressure of 10 psi to generate stable 

foam bubbles with about 35 kg/m3 density [22]. 

Table 1.  Composition of cement, fly ash (type C and type F) and 
metakaolin determined by (XRF) (mass %) 

Oxide 
Cement 

(%) 

Fly ash, 

Type F (%) 

Fly ash, 

Type C 

(%) 

Metakaolin 

(%) 

MgO 2.82 2.65 0.27 0.2 

Al2O3 6.18 27.23 6.4 78.11 

SiO2 19.6 47.68 30.22 15.76 

SO3 2.1 0.34 0.9 0.176 

K2O - 1.56 2.7 0.423 

CaO 64.1 5.11 27.48 3.34 

Fe2O3 3.4 18.42 27.66 0.972 

Loss on 

Ignition 
3.14 3.71 - 1.9 

2.2. Mix Proportions 

An absolute volume method was adopted as a mix 

design of investigated mixes at a target density of 1000 

kg/m3. 

Table 2 summarizes the proportions of the investigated 

mixes. Noted that FC represents a foamed concrete mix, 



2822 Investigating the Properties of Foamed Fly Ash and Metakaolin-based Geopolymer Concrete  

 

while FGC represents foamed geopolymer concrete. The 

small letters f, m and c located between the capital letters G 

and C represents the source as fly ash F, metakaolin, and 

fly ash C, respectively. It should be noted here that the 

water-to-binder ratio was chosen from many trials 

depending on the spread diameter value. From the 

experimental work, it was noticed that to achieve a fresh 

density close to the design one, the spread diameter of the 

unfoamed mixture should be about 29 cm, as shown in 

Figure 1. 

2.3. Production and Curing 

A geopolymer paste was produced by mixing a source of 

Aluminum (Al) and Silicon (Si) which is fly ash or 

metakaolin in this research with an alkaline liquid [12]. 

From experimental trials, it was found that the alkaline 

liquid of sodium hydroxide of 8 Molar and sodium silicate 

solution was suitable for producing foamed concrete with a 

target density. 

Table 2.  Proportions of the investigated mixes 

Consists 
Mixes 

FC FGfC FGcC FGmC FGcmC 

Target density (kg/m3) 1000 1000 1000 1000 1000 

Sand (kg/m3) 250 250 250 250 250 

Cement (kg/m3) 500 - - - - 

Fly ash (F) (kg/m3) - 500 - - - 

Fly ash (C) (kg/m3) - - 500 - 125 

Metakaolin (kg/m3) - - - 500 375 

Liquid/ Binder 0.5 0.5 0.5 0.5 0.5 

Water (kg/m3) 250     

Alkaline liquid (A) (kg/m3) - 250 250 250 250 

Extra solution (kg/m3) 0 28 0 74 65 

NaOH/ Na2SiO3 - 1 1 1 1 

Molarity --- 8 8 8 8 

Foam volume (L/m3) 500 500 500 500 500 

  

Figure 1.  Spread diameter of (left) fly ash-based geopolymer and (right) metakaolin-based geopolymer mixes 
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Figure 2.  Foamed geopolymer concrete (left) with segregation issue (middle) after solving the production issue (right) metakaolin-based geopolymer 

samples 

For the production process, dry materials (fine sand, fly 

ash or metakaolin) were mixed in a rotary mixer for about 2 

minutes, and then a prepared alkaline liquid (sodium 

hydroxide and sodium silicate solution) was added to these 

dry materials and mixed for another 5 minutes to produce 

wet slurry. Finally, the pre-formed foam was added to this 

wet slurry during mixing until all the added foam bubbles 

were distributed throughout the mixture leading to produce 

foamed geopolymer concrete [20]. The final product was 

molded and covered by a sheet of nylon for a rest period. 

For the curing process, the concrete specimens were put 

with their molds in a laboratory oven at a temperature of 

60°C for 24 hours. Then, the samples were removed from 

the oven and kept for 5-6 hours at room temperature. 

Finally, the samples were removed from molds and 

wrapped with cling film until the test ages [20]. 

By adopting a chemical method (the air bubbles 

produced by chemical aeration), foamed geopolymer 

concrete was successfully manufactured. Meanwhile, a 

pre-formed foam method to produce air bubbles was 

adopted in this research. Therefore, some production issues 

during the experimental work are expected. As a result, 

many trials were carried out to manufacture the foamed 

geopolymer concrete successfully. From the initial 

experimental work, a segregation issue (separating the 

cubical specimen into two parts as a solid material at the 

bottom and cellular structure at the top) was observed as 

shown in Figure 2 (left). 

To solve this segregation issue, several factors such as 

molarity value, sand fineness, fly ash type, sodium silicate 

solution/ sodium hydroxide ratio (SS/SH) and viscosity of 

sodium silicate solution (SS) were taken into account. 

After many trials, it was noticed that the viscosity of 

sodium silicate solution (SS) was the cause of this 

segregation issue. As a result, SS solution was diluted with 

water to reduce its viscosity from 1100 CPS to 100 CPS by 

adding 2.5g of water to 17.5g of SS with a viscosity of 

1100 CPS i.e. 12.5% extra water should be added. It should 

be noted here that this dilution process does not affect the 

density of the final product. Using SS with a viscosity of 

100 CPS helped in producing foamed geopolymer concrete 

successfully as shown in Figure 2 (middle and right). 

A geopolymerization process is started by dissolving the 

aluminosilicate solids from fly ash into the alkaline 

solution (SS and SH) [10]. This reaction mechanism is 

affected by the fly ash type (F or C) since there are 

differences in aluminate and silicate ratios from one fly ash 

type to another as shown in Table 1. Therefore, the final 

product for foamed geopolymer concrete made with fly ash 

(F) was better than that made with Fly ash (C) in terms of 

its hardening and consistency. 

3. Tests 

3.1. Pore Structure 

For each investigated mix, three slices (40 × 40 × 15mm) 

were cut from the centers of three prismatic specimens, 

parallel to the cast face, and used for pore structure 

investigation [23]. 

To sharp distinction between the air voids and the matrix, 

the slices were first polished, cleaned and oven dried. Then, 

their surfaces were coated with a permanent marker. Later, 

to enhance the contrast; a white powder (particle size <5 

µm) was forced into the voids by pressing it into the coated 

surfaces. This made the concrete with a black surface and 

white voids, resulting in excellently prepared slices for 

image analysis [23]. 

3.2. Permeation Properties 

3.2.1. Water Absorption 

Absorption can be measured by immersing an 

oven-dried specimen in water and then calculating its mass 

increment as a percentage of its dry mass. 

For the water absorption test, the ease with which water 

can penetrate specimens was determined on (100×100×100 

mm) sealed cured cubical specimens at age of 28 days. The 

cubical specimens were oven-dried at 60°C until reached a 

constant dry mass and later immersed in water for a period 

of 7 days to reach a constant wet mass [24]. 
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3.2.2. Sorptivity 

A tendency of concrete to absorb and transmit water by 

capillary suction can be expressed as sorptivity. From this 

property, an indication of penetration of water transmitted 

through capillary voids can be identified. 

Two cubical specimens of 70 mm3 were used for each 

investigated mix. A (1) mm slice was cut from the bottom 

of all cubical specimens to ensure uniformity in the suction 

of the surface contact with water during the test [25]. 

To achieve unidirectional (vertical) flow, the lowest 30 

mm of the oven-dried specimen sides were sealed with 

waterproof tape. Then, the specimens were located on steel 

bars in a tray filled with water submerging the lowest 3 mm 

of the sealed faces in the water and keeping this water level 

constant throughout the test. Many wet weight 

measurements (to the nearest 0.01 g) were taken during the 

test over 4 hours [26]. 

The water movement by capillary suction can be 

described by the following square-root-time relationship 

[25]: 

𝑖 = 𝐵 + 𝑆𝑡0.5               (1) 

Where i is a cumulative water volume absorbed per 

inflow surface unit area (mm3/mm2), t is time (min), B is 

the y-intercept at t=0 and S is the sorptivity of concrete 

obtained from the best linear regression of i versus t0.5 

curve (mm/min0.5). 

3.3. Mechanical Properties 

3.3.1. Compressive Strength 

A compressive strength test was carried out on 100 mm3 

cubes according to ASTM C513 [27] and for each 

investigated mix the results quoted are the average of three 

specimen readings. 

3.3.2. Flexural Strength 

A flexural strength test (three-point loading) was 

conducted on three 40×40×160 mm prisms at age of 28 

days to determine the modulus of rupture (ƒr) according 

to ASTM C78 [28]. The average of three readings was 

taken.3.4 Thermal Properties. 

3.3.3. Thermal Conductivity 

A ratio of the heat flow to the temperature gradient of 

concrete can be expressed as its thermal conductivity (λ) 

which is measured in "Watts per square meter of an area of 

the body when the temperature difference is 1⁰K per 

meter" [(W/m2) × (m/K)] or (W/mK). 

A transient method was used to measure the thermal 

conductivity in this research, in whicanh a measurement is 

taken during the heating up process. The test was 

conducted according to ASTM C113 [29] on specimens 

with dimensions of 100× 100× 30 mm. 

4. Results and Discussion 

4.1. Pore Structure 

In this investigation, an effective diameter (D) of the 

pore was calculated by measuring its area using ImageJ 

software and assuming this area as a circle. 

From the image analysis process, see Figure 3, the pore 

size distributions of investigated foamed and geopolymer 

concrete mixes were plotted as shown in Figure 4. It may 

be seen that the pore sizes are within the range of 25 to 

2000 µm. Noted that due to its weakness, it was difficult to 

treat and prepared a sample of FGcC mix for the image 

analysis process. 

From Figure 4, the parameters D50 (median pore size) 

and D90 (90th percentile) were determined to quantify the 

air pore distribution of the investigated mixes. It can be 

seen that the D50 varied from 125 to 325 μm, while D90 

from 475 to 900 μm, see Table 3. 

From the image analysis results, Figure 3 and Figure 4 

show that pore merging is more evident in the foamed mix 

(FC) rather than geopolymer foamed mixes (FGC). This 

can be seen also in the scanning electron microscopy (SEM) 

images in Figure 5. In addition, the pore structure of fly 

ash-based geopolymer is finer than that of 

metakaolin-based geopolymer. This attributes to the 

silicate role (high amount in Fly ash F) in the 

geopolymerization process and implies the significance of 

silicate presence in the production of geopolymer materials. 

However, the finer one was for the foamed geopolymer 

mix produced with 75% metakaolin and 25% fly ash (type 

C), FGcmC mix. 

 In terms of the circularity factor (Fcirc), the median 

circularity factor (Fcirc50) and the circularity factor at 

which 10% are less (Fcirc10) can be determined from the 

cumulative frequency curves in Figure 6 and shown in 

Table 3. 

In general, it can be seen that the irregularity of pores for 

foamed geopolymer concrete mixes (FGC) is less than that 

of foamed concrete mix (FC) indicating that the pore 

merging is greater in foamed concrete mix. It was noticed 

that the finer the pores the higher the pore number and the 

lower the irregularity as can be seen for the FGcmC mix. 
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(a)                       (b)                         (c)                       (d) 

    

Figure 3.  Original and binary images (a) FC mix (b) FGfC mix (c) FGmC mix (d) FGcmC mix 

 

Figure 4.  Cumulative frequency of pore diameters of investigated foamed and geopolymer concrete mixes 
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Table 3.  Parameters of pore structure (pore sizes and circularity) of investigated foamed and geopolymer concrete mixes 

 FC FGfC FGmC FGcmC 

D50 (μm) 325 200 250 125 

D90 (μm) 900 600 750 475 

Fcirc50 0.6 0.75 0.65 0.8 

Fcirc10 0.25 0.35 0.30 0.4 

  

Figure 5.  Scanning electron microscopy (SEM) images (left) Foamed concrete mix, FC, and (right) geopolymer foamed concrete mix, FGfC 

 

Figure 6.  Circularity factor of investigated foamed and geopolymer concrete mixes 
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4.2. Permeation Properties 

Figure 7 shows the variation in water absorption due to 

simple immersion of investigated mixes (conventional 

foamed and geopolymer foamed concrete) in water. An 

important observation is that the water absorption of mixes 

made with metakaolin and fly ash (Type C) in combination 

is lower than that of other investigated mixes. In addition, 

in general; it was observed that the water absorption of 

foamed geopolymer concrete mixes (FGC) is lower than 

that of conventional foamed concrete mix (FC). This 

indicates that in mixes made with geopolymer paste the 

size of entrained pores is smaller (D50 from Figure 4) and 

their connectivity is lower (Figure 3). Also, Figure 6 show 

that the entrained pores merging is less in geopolymer 

mixes as can be seen from the increase in entrained pores 

number and their shapes which are close to a circle 

resulting in making them unconnected (closed) and 

reducing the water absorption. 

In terms of the sorptivity test, the higher the capillary 

sorption the higher the very tiny (capillary) pores. Except 

for the mix made with metakaolin and fly ash (Type C) as 

geopolymer source (FGmcC mix), it was observed that the 

conventional foamed concrete absorbed less water than 

those made with geopolymer indicating that its capillary 

pores are less connected, see Figure 8. In general, from the 

volume of absorbed water by capillary pores, it can be 

concluded that these pores are higher in fly ash-based 

geopolymer mixes than those made with metakaolin-based 

geopolymer. This also can be seen from the sorptivity 

values (obtained from the best linear regression of i versus 

t0.5 curve (mm/min0.5), Eq.1) of the investigated mixes 

which are shown in Figure 9. With lower sorptivity, the 

average path length of water movement increased not only 

due to the presence of entrained air pores but also the 

closed (unconnected) capillary pores. 

4.3. Mechanical Properties 

Because of its porous nature, the pore structure of 

foamed concrete plays a dominant role in controlling its 

mechanical strength. Figures 10 and 11 show the 

compressive and flexural strengths of the investigated 

mixes at the ages of 7 and 28 days, respectively. 

 

Figure 7.  Water absorption of investigated mixes 
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Figure 8.  Evolution in cumulative volume of water absorbed of investigated mixes with time 

 

Figure 9.  Sorptivity values of investigated mixes 



 Civil Engineering and Architecture 10(7): 2820-2832, 2022 2829 

 

Referring to Table 3 and Figure 10, a greater degree of 

pore merging (greater value of D90) can be observed which 

resulted in larger irregular voids and wider distribution of 

pore sizes and finally lower both compressive and flexural 

strengths. In addition, for a given density (1000 kg/m3); the 

reduction in D50 and D90 is linked to the increase in 

strength implying that the effect of the geopolymer 

medium was significant, especially with FGcmC mix 

which gained the highest strength value (7.48 MPa). This 

attributes to the Aluminate role (high amount in metakaolin) 

in the geopolymerization process and implies the 

significance of Aluminate presence in the production of 

geopolymer materials. In addition, it was reported that fly 

ash (Type C) produced both geopolymeric gel (Si-O-Al) 

links and calcium silicate hydrate (C-S-H) gel owing to 

having a high amount of CaO in its composition [30]. 

In geopolymer material, the strength enhances with 

increasing alkaline liquid to fly ash ratio. This may be due 

to adding more (Si) which helped in forming more Si-O-Si 

bonds [31]. However, although the D90 of FCmC is 

smaller than that of the FGfC mix; the strength of the latter 

was higher than that of the former. This indicates that not 

only the pore structure characteristics play role in strength 

but also the changes to the binder paste microstructure due 

to changing the geopolymer source materials (fly ash or 

metakaolin) will contribute to compressive or flexural 

strength gain. Noted that the chemical composition of fly 

ash differs from that of metakaolin as shown in Table 1. In 

addition, it was reported that in the production of 

geopolymer concrete, low calcium fly ash (Type F) is 

preferred more than high calcium one (Type C). This is 

because the presence of high calcium in Type C fly ash 

may make the sitting time of the geopolymer medium fast 

resulting in altering the microstructure of the paste by 

interfering with the process of geopolymerization [32], 

[33]. 

On another side, it was noticed that the 28 days 

compressive strength of the mix made with Type F fly ash 

(4.92 MPa) was higher than that made with Type C fly ash 

(2.64 MPa) by about 86%. The reason for this is the large 

amounts of Silicate and Aluminates in Type F fly ash 

compared to those in Type C fly ash, see Table 1. 

 

Figure 10.  Compressive strength of investigated mixes 
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Figure 11.  Flexural strength of investigated mixes 

 

Figure 12.  Thermal conductivity of investigated mixes at age of 28 day 
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4.4. Thermal Conductivity 

It was reported that if a porous material is under normal 

ambient conditions, the mechanism of conduction heat 

transfer is likely affecting its thermal conductivity in both 

dry and saturated states [34]. 

For all investigated mixes which were made at the same 

density, the 28-day thermal conductivity in a dry state of 

geopolymer mixes is lower than that of the conventional 

foamed mix by about 38%, see Figure 12. While using 

metakaolin and fly ash C in combination as a geopolymer 

medium helped in decreasing thermal conductivity by 44%. 

This is due to the decreasing of pores number in 

conventional foamed concrete caused by the pores merging 

as observed from the image analysis process. By using a 

geopolymer as a binder medium, it was noticed that the 

number of pores increased and the pores distributed well 

through the mix as shown from the images in Figure 3. In 

addition, it was reported that in the case of porous concrete, 

its thermal conductivity not depends only on its air volume 

but also on the thermal conductivity of the solid materials 

(cement or geopolymer paste). 

5. Conclusions 

From pore structure investigation, it was noticed that 

pore merging is more evident in foamed concrete mixes 

rather than foamed geopolymer mixes. In addition, the pore 

structure of fly ash-based geopolymer is finer than that of 

metakaolin-based geopolymer. For all investigated mixes, 

it was found that the pore sizes were within the range of 35 

to 2000 µm. The irregularity of pores for foamed 

geopolymer mixes is less than that of the foamed mix 

which indicates that the pore merging is greater in foamed 

concrete mix i.e. the finer the pores the higher the pore 

number and the lower the irregular. For the permeation 

investigation, it was observed that the water absorption of 

foamed geopolymer concrete mixes is lower than that of 

conventional foamed concrete mix. An important 

observation is that the water absorption of mixes made 

with metakaolin and fly ash (Type C) in combination is 

lower than that of other investigated mixes. The higher the 

capillary sorption the higher the very tiny (capillary) pores. 

It was observed that the conventional foamed concrete 

absorbed less water than those made with geopolymer 

indicating that its capillary pores are less connected. As the 

strength is concerned, the greater degree of pore merging 

the larger irregular voids and wider distribution of pore 

sizes and finally lower strength. The reduction in D50 and 

D90 is linked to the increase in strength implying that the 

effect of the geopolymer medium was significant, 

especially for a mix made with metakaolin and fly ash 

(Type C) in combination which gained the highest strength 

value. Finally, the 28-day thermal conductivity in the dry 

state of investigated fly ash-based geopolymer mixes is 

lower than that of the conventional foamed mix by about 

38%. While using metakaolin and fly ash C in combination 

as a geopolymer medium helped in decreasing thermal 

conductivity by 44%. 
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