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ABSTRACT 
Low-cost lightweight geopolymer mortars based on ground granulated blast furnace 
slag, calcium carbonate, and silica sand flour were investigated as lightweight building 
materials. The effect of two chemical foaming agents such as hydrogen peroxide (H2O2) 
and sodium perborate tetrahydrate (NaBO3.4H2O) on bulk density, porosity, and 
compressive strength was studied. FTIR, XRD, XRF, and SEM were used to investigate 
the raw materials and selected samples of prepared lightweight geopolymers. The use of 
grinding calcium carbonate and silica sand flour enhanced the compressive strength, 
workability, and homogeneity of the geopolymer. 
 
The lightweight geopolymer has given about 3.30 - 17.60 and 1.70 - 6 MPa of 
compressive strengths at 28 days of curing with bulk densities from 584 to 1340 kg/m3 

and 745 to 1770 kg/m3 in the case of H2O2 and NaBO3.4H2O, respectively. The images 
of morphology and microstructure results indicate that the porosity and pore size 
increase with the increase of the foaming agent due to the release of oxygen gas upon its 
decomposition. According to the results of bulk density MC-H1, MC-H1.25, and MC-
B2.5 mixes can be considered ultra-lightweight geopolymers with proper compressive 
strength. The results show that hydrogen peroxide mixes have better performance in the 
physico-chemical and mechanical properties than sodium perborate mixes. 
 
Keywords: Lightweight geopolymers; hydrogen peroxide; sodium perborate; grinding 
calcium carbonate; silica sand flour; calcium silicate hydrate. 
 

1. INTRODUCTION 
The world is now seeing a state of lopsidedness in climatic conditions with record 
precipitation, destroying surges, and timberland fires because of worldwide warming 
coming about from greenhouse gas outflows, essentially carbon dioxide. The recent 
climate conference in Egypt (COP-27, 197 nations, 2022) stressed the completion of the 
terms of the Paris agreement (COP-27, 2021) by reducing greenhouse gases to reduce 
the global temperature by 2 degrees Celsius, decrease carbon dioxide emanations by 45 
% by 2030 compared to the 2010 level and gradually reducing the use of coal [1]. 
 
Many studies have shown that building materials and cement are responsible for 8% of 
global carbon dioxide emissions [2]. In 2020, the world produced six billion tons of 
cement. One ton of ordinary Portland cement (OPC) produces a ton of carbon dioxide 
(CO2) as a by-product of limestone calcination [3]. More considerable efforts have as of 
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late been attempted to discover an alternative Eco-friendly to ordinary Portland cement 
[4]. Geopolymers are one of the most suitable alternative Eco-friendly materials. 
Geopolymeric material can be prepared by condensation reaction between materials that 
contain silica and alumina in the amorphous phase with highly alkaline activators. 
Aluminosilicate material may be natural such as metakaolin or a by-product such as a 
slag and fly ash. Commonly, the alkaline solution could be sodium or potassium 
hydroxide (NaOH/ KOH) with/without sodium or potassium silicates (Na2SiO3/ 
K2SiO3) with different silica modulus. The modern form of geopolymeric material used 
in insulation is lightweight Geopolymers [5]. Lightweight Geopolymers are low-density 
materials that have good chemical, physical, and thermal properties with low thermal 
conductivity and fire resistance [6], appropriate compressive strength, low toxicity, low 
cost of transport, low carbon dioxide (CO2) emission, low energy consumed in the 
production process [7,8], lower setting times, rapid hardening, and low shrinkage [9]. 
 
The American Concrete Institute (ACI 318M-11) classifies light geopolymer concrete 
into three types based on the following properties: compressive strength, thermal, and 
conductivity bulk density. 
 
Type I is a lightweight structural concrete having a compressive strength of over 17 
MPa, a thermal conductivity between 0.4 and 0.7 W/mK, and a density of 1440–1840 
kg/m3. Whereas Type II is structural concrete and light insulating with a compressive 
strength of 3.4 to 17 MPa, the thermal conductivity is between 0.22–0.43 W/mK, and a 
bulk density of 800–1400 kg/m3. Type III is considered an insulating lightweight 
concrete with compressive strength values between 0.7–3.4 MPa, the thermal 
conductivity of 0.065–0.22 W/mK, and a density of 240–800 kg/m3 [10, 11]. 
 
There are two ways to produce lightweight geopolymers using the strategy of lowering 
density [12]. 
 
1. Using a lightweight aggregate to replace a portion of solid raw materials such as (a) 

Inorganic substances like Vermiculite, Perlite, expanded clay, and glass aggregates 
[13-17]. (b) Organic compounds like cellulose, polymers made of polystyrene, 
polyethylene, and polyurethane. According to some experts, these organic 
compounds (polystyrene and polyurethane) are poisonous and combustible. 
However, inorganic minerals like perlite and vermiculite are expensive [18, 19]. 

 
2. Incorporation of the foaming agent into a paste (in this case geopolymers called 

foamed or aerated geopolymers) regards the best method for the manufacture of 
lightweight geopolymers [7, 20-22]. Some techniques, such as mechanical, chemical, 
thermal, and irradiation approaches, can produce foamed geopolymers. In the 
chemical method, the foaming agent generates foams or gases (oxygen and 
hydrogen) into geopolymer paste followed by producing a porous structure with low 
bulk density according to the following reactions: 

 
i- The reaction between the chemical foaming agent with an alkaline activator such 

as Si, Zn, and Al powders [9, 23-25]. 
 

Si + 2 NaOH + H2O → Na2SiO3 + 2 H2(g) ................................ (1) 
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Zn + 2 NaOH + 2 H2O → Na2[Zn(OH)4] + H2(g) ........................... (2) 

 
Al + 2 NaOH + 2 H2O → 2 NaAlO2 + 3 H2(g) ............................... (3) 

 
ii- Decomposition of some chemical foaming agents such as hydrogen peroxide [26-

28], sodium perborate [19, 29], and sodium hypochlorite. [7, 30] 
 

2 H2O2 → 2 H2O + O2(g) ....................................... (4) 
 

4 NaBO3 + H2O → 2 NaOH + Na2B4O7 + 2 O2(g) .............. (5) 
 

2 NaOCl → 2 NaCl + O2(g) ...................................... (6) 
 
Since utilizing hydrogen peroxide results in a more equal distribution of pores than Al 
powder, according to V. Ducman and L. Korat (2016) [31], we shall investigate it in our 
work. In general, metallic particles created inhomogeneous foams as a result of the gas 
being produced locally from a constant source until it was exhausted [32]. Using 
calcium carbonate in geopolymer improves the mechanical properties and the 
compressive strength [34]. According to A.Antoni et al (2015) [34] when the content of 
calcium carbonate is not more than (15%) by weight of the geopolymer mixture, the 
compressive strength, and the workability increase. Grinding calcium carbonate has an 
essential role in improving these properties [35], so it was used less than 10 microns. 
 
W. Wongkeo (2017) [36] studied the effect of calcium carbonate with aluminum 
powder acting as a foaming agent. This study concluded that the presence of calcium 
carbonate by 10% improved the physical properties of the lightweight geopolymer, but 
the lowest density reached was 825 Kg/m3, and the porosity did not exceed 35%, and 
the images showed that the foam distribution was not ideal. 
 
Therefore, the main objective of this study improves the lightweight geopolymer 
properties which are made of a mixture of ground granulated blast furnace slag, silica 
sand flour, and calcium carbonate. Using silica sand flour decreases the bulk densities 
of the prepared lightweight geopolymers on the other hand calcium carbonate enhances 
the compressive strength. Replacement of 60% of (GGBFS) with silica sand flour and 
calcium carbonate decreases the final cost of the prepared geopolymer with locally 
available raw materials. 
 

2. EXPERIMENTAL WORK 
 
2.1. Materials 
The ground granulated blast furnace slag (GGBFS) used in this work was supplied by 
(Iron and Steel Company, Helwan, Giza Governorate, Egypt). The silica sand flour 
(SSF) and calcium carbonate (CC) were provided by an Engineering Company for 
Mining (KNOUZ), El-Sadat City, Egypt. The chemical composition by XRF and XRD 
patterns of the granulated blast-furnace slag, silica sand flour, and calcium carbonate are 
shown in table 1 and figure 1, respectively. 
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Table (1): Chemical compositions of the 
(GGBFS), silica sand flour (SSF), and calcium carbonate (CC).

Oxides wt. % SiO2 Al2O3 Fe
GGBFS 35.3 9.02 

SSF 99.16 0.69 
CC 2.1 0,09 

Fig. 1: XRD patterns of the raw materials:  
(GGBFS), calcium carbonate (CC), and silica sand flour (SSF).

 
The used alkaline activator prepared a mixture between sodium hydroxide and liquid 
sodium silicate. Sodium hydroxide in the form of flakes obtained from Alkout Industrial 
Projects Company, Kuwait, 97.5%
= 32.5 %, solid content 46.4%
for Chemical Industries, Borj Al
 
Two different types of chemical foaming agents,
perborate were used. Hydrogen peroxide from Evonik Company, Germany with the 
following properties: purity of 
of 1.50. Sodium perborate tetrahydrate was obtained from Belin
with the following properties: white crystals, odorless and water
mass of 153.9 g/mol. 
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Chemical compositions of the ground granulated blast furnace slag 
(GGBFS), silica sand flour (SSF), and calcium carbonate (CC).

Fe2O3 CaO MgO Na2O K2O TiO2 MnO 
0.35 36.4 8.27 0.84 0.2 0.5 3.20 
0.013 0.11 --- 0.01 0.003 --- --- 
---- 54.01 0.18 0.01 0.04 --- --- 

 

 
: XRD patterns of the raw materials:  ground granulated blast 

(GGBFS), calcium carbonate (CC), and silica sand flour (SSF).

The used alkaline activator prepared a mixture between sodium hydroxide and liquid 
sodium silicate. Sodium hydroxide in the form of flakes obtained from Alkout Industrial 

97.5% purity. Liquid sodium silicate (Na2O = 
46.4%, density = 1.55 g/mL at 20°C) provided by Targochem 

ries, Borj Al-Arab City, Egypt. 

Two different types of chemical foaming agents, hydrogen peroxide and sodium 
perborate were used. Hydrogen peroxide from Evonik Company, Germany with the 
following properties: purity of 50% by weight, a density of 1.196 g/mL at 

. Sodium perborate tetrahydrate was obtained from Belinka Company, Slovenia 
with the following properties: white crystals, odorless and water-soluble with a molar 

. A. and Sayed, A. Z. 

furnace slag 
(GGBFS), silica sand flour (SSF), and calcium carbonate (CC). 

SO3 L.O.I 
3.14 0.01 
--- ---- 

0.04 43.50 
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2.2. Procedure for Preparing Lightweight Geopolymers Mortars 
 
2.2.1. Preparing of alkaline solution 
Firstly, prepare sodium hydroxide solution with a concentration equal to 4 mol/L by 
dissolving 160 grams of flakes of sodium hydroxide in water and completing the 
solution to one liter. The prepared sodium hydroxide and liquid sodium silicate (LSS) 
were mixed with a 1:1 weight ratio, then kept for 24h at room temperature before use to 
allow for equilibration [37]. 
 
2.2.2. Preparing lightweight geopolymers 
 
2.2.2.a. In the case of hydrogen peroxide (H2O2) mixes 
The ground granulated blast furnace slag, silica sand flour, and calcium carbonate were 
mixed in a porcelain ball mill for 15 minutes with a (4:5:1) weight ratio as a solid part 
of the mixture. The alkaline solution was separately mixed with different concentrations 
of hydrogen peroxide (0.5, 0.75, 1, 1.25 wt. %). The solid part was gradually added to 
the liquid and then mixed for 5 minutes to complete the homogeneity of the mortar. 
 
2.2.2.b. In the case of sodium perborate tetrahydrate (NaBO3.4H2O) mixes 
The ground granulated blast furnace slag, silica sand flour, and calcium carbonate with 
(4:5:1) weight ratios were mixed with different percentages of sodium perborate 
tetrahydrate (1, 1.5, 2, 2.5 wt. %) by porcelain ball mill for 15 minutes. The alkaline 
activator was placed in the mixer then the solid part was gradually added then mixed for 
5 minutes. 
 
2.3. Mix Design 
The mixed design is illustrated in table 2. The fresh mortars were cast in polystyrene 
mold with diameters 150*150*100 mm and then kept to set at room temperature for 48 
hrs. before being removed from the molds then the samples were cut into a parallel 
piped with 30*30*30 mm dimension and kept in the air at room temperature (20-25ºC) 
for 7 and 28 days. 
 

Table (2): Mix design of lightweight geopolymers mortars samples. 

Mix Code GGBFS, g SSF, g CC, g AA, g NaBO3, g H2O2, g 

MC-00 40 50 10 32.5 0 0 
MC-H0.5 40 50 10 32.5 0 0.5 
MC-H0.75 40 50 10 32.5 0 0.75 

MC-H1 40 50 10 32.5 0 1 
MC-H1.25 40 50 10 32.5 0 1.25 

MC-B1 40 50 10 32.5 1 0 
MC-B1.5 40 50 10 32.5 1.5 0 
MC-B2 40 50 10 32.5 2 0 

MC-B2.5 40 50 10 32.5 2.5 0 

 
2.4. Methods 
The chemical composition of the ground granulated blast furnace slag (GGBFS), silica 
sand flour (SSF), and calcium carbonate (CC) can be determined using X-ray 
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fluorescence (XRF), model Philips PW/1404. The test was run using Rh-kα (rubidium) 
radiation tube at 50 Kv and 50 mA. The investigated samples were prepared as pellets 
using the manual pressing machine of 20 tonnes load. The traditional method according 
to ASTM (D7348-2008) for determination of the loss on ignition was used. 
 
Phase identification of raw materials and prepared lightweight geopolymers mortars 
were investigated by the XRD technique. PAN analytical X-Ray diffraction equipment 
model X´pert PRO with a secondary monochromator, Cu–radiation (ʎ= 1.542Ǻ) at 
45k.v., 35M.A. A continuous mode was used for collecting data in the 2θ range from 5 
– 50º and a scanning speed of 0.04º /sec before testing, samples were prepared by fine 
grinding to 25 µm using a HERZOG grinder (Herzog Co., Germany). The functional 
groups and chemical bonds were identified using Fourier-transform infrared 
spectroscopy (FTIR) spectrometer type Nicolet is 10, Thermo Fisher, USA FTIR. IR 
spectra were recorded in the range 400-4000 cm-1 using a KBr binder with a resolution 
of 4 cm-1 at room temp. The bulk density of lightweight geopolymers was measured by 
the geometric method at 28 days of hydration by drying the sample for 48 hrs. at 105ºC 
in an electric oven according to the following equation (7): 
 

d = m/V .......................................................... (7) 
 
Where d; is bulk density, m; is the mass of a parallelepiped-shaped sample cut from a 
larger foam, and V; is the volume of the sample. 
 
The porosity was carried out using an Archimedes method according to ASTM 
C642−13. 
 
The porosity of lightweight geopolymers was obtained by equation (8) [10, 38]. 
 

Porosity (%) = (1 - 	
����	�������

��������	�������	
) × 100% ............................. (8) 

 
The compressive strength test of lightweight geopolymers was achieved by the 
CONTROLS machine according to ASTM C109 standards. The compressive strength 
test was performed after 7 and 28 days of curing the sample at room temperature. 
Before the test, the cubic specimens (3 cm3) were dried for 48 hrs. at 105ºC in an 
electric oven, three samples were tested to obtain an average value of the compressive 
strength. The morphology and microstructure of the cut surface of lightweight 
geopolymers were investigated by scanning electron microscope (SEM) model Quanta 
250 FEG (Field Emission Gun) with an accelerating voltage 30 kV and a high-
resolution camera, Canon model EOS 250D, U.S.A. 
 

3. RESULTS AND DISCUSSION 
 
3.1. Starting Material Characteristics 
The chemical composition of the ground granulated blast-furnace slag (GGBFS), silica 
sand flour (SSF), and calcium carbonate (CC) measured by x-ray fluorescence (XRF) is 
illustrated in table 1. The major oxides of Granulated blast-furnace slag are silica 
(SiO2), alumina (Al2O3), calcium oxide (CaO), and magnesium oxide (MgO). Silica 
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sand flour (SSF) consists of over 99 wt.% SiO2. Calcium carbonate (CC) consists of 
over 54 wt. % CaO that indicate is pure calcium carbonate. The XRD patterns of 
Granulated blast-furnace slag, silica sand flour, and calcium carbonate are shown in 
figure 1. XRD indicated that silica sand flour is mainly composed of crystalline quartz, 
while XRD of Granulated blast-furnace slag shows a halo hump between 2θ= 20-40, 
indicating the amorphous nature of the material [39]. The XRD patterns of calcium 
carbonate indicated that calcium carbonate is mainly composed of crystalline calcite. 
 
3.2. Bulk Density and Porosity 
The bulk density and porosity are shown in figure 2, for lightweight geopolymers 
prepared with various weight ratios of hydrogen peroxide and sodium perborate 
tetrahydrate which were aged for 28 days at room temperature. In general terms, the 
increase of foaming agents leads to a decrease in bulk density and an increase in total 
porosity due to the presence of voids generated by oxygen gas produced from the 
decomposition of hydrogen peroxide and sodium perborate tetrahydrate as shown in 
equations (4 and 7). The bulk density of control sample MC-00 is 1930 kg/m3, while the 

bulk density values of lightweight geopolymers with different values of H2O2 are 1340, 
815, 622, and 584 kg/m3 for MC-H0.5, MC-H0.75, MC-H1, and MC-H1.25, 

respectively as shown in figure (2a). 
 

 
 

Fig. 2: (a) Bulk density and porosity of hydrogen peroxide mixes and control 
sample. (b) Bulk density and porosity of sodium perborate mixes and 
control sample. 

 
MC-H1.25 mix exhibited the lowest bulk density and the highest total porosity 
(75.40%) due to the increase in the hydrogen peroxide content in the geopolymeric 
matrix when compared with other mixes (MC-H0.5, MC-H0.75, and MC-H1). While 
the bulk density values of lightweight geopolymers with different values of 
NaBO3.4H2O were 1770, 990, 870, and 745 kg/m3 for MC-B1, MC-B1.5, MC-B2, and 
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MC-B2.5, respectively as shown at figure 2b. MC-B2.5 mix gave the lowest bulk 
density and the highest total porosity (68.60%) while the mixture of (MC-B1) showed a 
higher bulk density with porosity up to (25.30%) compared with other sodium perborate 
mixes. According to the results of bulk density MC-H1, MC-H1.25, and MC-B2.5 
mixes can be considered ultra-lightweight geopolymers with acceptable compressive 
strength because of the bulk density of less than 800 kg/m3 [40, 41] and regarded as 
insulating material according to the American Concrete Institute (ACI 318M-11) 
classification for lightweight geopolymers [11, 22]. 
 
3.3. Compressive Strength 
The compressive strength results of lightweight geopolymers prepared with various 
ratios of hydrogen peroxide and sodium perborate tetrahydrate aged for 7 and 28 days at 
room temperature were plotted in figure 3. The compressive strengths of the control 
sample MC-00 are 26.14 and 27.1 MPa at 7 and 28 days, respectively. In general, an 
increase in the foaming agent ratio leads to a decrease in the strength of samples so the 
strength is directly affected by the foaming agent content. The results indicate that all 
samples have given reasonable compressive strength values according to the American 
Concrete Institute (ACI 318M-11) classification for lightweight concrete based on 
compressive strength and density measurement. 
 
At higher foaming agent concentrations, the formed bubbles fused, resulting in large 
voids and a decrease in strength. In the case of hydrogen peroxide mixes, figure 3a, the 
compressive strength values were 5.80, 2.40, 1.60, and 1.04 MPa at 7 days of curing 
and 6, 3.60, 2.40, and 1.70 MPa at 28 days for MC-H0.5, MC-H0.75, MC-H1, and MC-
H1.25, respectively. On the other hand, MC-H0.5 and MC-H0.75 mixes can be 
classified (Class-II) because the compressive strength values lay between 17 to 3.40 
MPa and the bulk density range between 800-1400 kg/m3 [11]. At the same time, MC-
H1 and MC-H1.25 mixes can be classified as insulating lightweight concrete (Class- III) 
because the compressive strength values are higher than 0.7 MPa and the bulk density 
622, and 584 kg/m3, respectively.  
 
In the case of sodium perborate mixes, the compressive strength values were13.90, 3.90, 
2.60, and 2.40 MPa at 7 days of curing and 17.60, 5.30, 3.60 and 3.30 MPa at 28 days 
for MC-B1, MC-B1.5, MC-B2, and MC-B2.5, respectively, figure 3b. 
 
The MC-B1 mix is given the highest compressive strength value because of a lower 
dose of sodium perborate and it can be classified as structural lightweight concrete 
(Class-I).where the MC-B1.5, and MC-B2  mixes can be classified as structural and 
insulating lightweight concrete (Class-II). Finally, the MC-B2.5 mix can be considered 
insulating lightweight concrete because the compressive strength values lied between 
3.4 to 0.7 MPa and the bulk density is less than 800 kg/m3. The relation between the 
compressive strength, bulk density, and porosity for hydrogen peroxide and sodium 
perborate mixes is shown in figure 4 (a, b). By comparison, it can be concluded that the 
sodium perborate mixes had given higher compressive strength and bulk density values 
with lower porosity values compared with hydrogen peroxide mixes at the same 
foaming agent content. 
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Fig. 3: (a) Compressive strength values of hydrogen peroxide light geopolymer 
mixes at 7 and 28 days. (b) Compressive strength values of sodium 
perborate lightweight geopolymer mix at 7 and 28 days. 

 
 

 
 

Fig. 4: (a) Relation between the compressive strength, bulk density, and porosity 
for hydrogen peroxide mixes. (b) Sodium perborate mixes. 
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The FTIR spectra of three selected samples: MC-00, MC-H1.25, and MC-B2.5 are 
presented in figure 5 to study the effect of hydrogen peroxide and sodium perborate on 
covalent bonds in geopolymers. Typically, the vibrational bands of aluminosilicate 
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geopolymers appeared in all the samples. The broad bands are located less than 500 cm-
1 due to the strong vibration bending of (Si-O-Si and O-Si-O) bonds. Symmetric 
stretching vibration bands located at 693,778, and 1093 for (Si-O-Si and Al-O-Si) bonds 
appeared at the same wave number and intensity [42,43]. The bands typical of carbonate 
phases are seen: at 1442, 1425 cm-1. These stretching vibration bands of C-O bond 
bands are connected with the presence of CaCO3  in the geopolymers matrix due to the 
low dissolution of calcite in an alkaline solution  [19, 37]. 
 
The broad band at 3442 cm1 is referred to as stretching vibration O-H bonds in the 
geopolymer matrix's hydrated water. On the other hand, the weak characteristic band at 
1648 cm-1 can be attributed to the bending vibration of O-H from water molecules and 
hydroxyl groups of sodium hydroxide and sodium silicate [45]. From FTIR spectra, the 
absence of new vibration bands with foaming agent samples (MC-H1.25, MC-B2.5) 
which refer to all by-products from the decomposition of sodium perborate to sodium 
metaborate was encapsulated in the geopolymerization reaction in addition to the lower 
concentration of foaming agent compared with the raw materials of geopolymers [46]. 

 

 
 

Fig. 5: FTIR of lightweight geopolymer samples prepared with/without foaming. 
 
3.5. X-ray Diffraction (XRD) 
Figure 6 shows the XRD of three selected samples: MC-00 (without a foaming agent), 
MC-H1.25 (mixed with H2O2), and MC-B2.5 (mixed with NaBO3.4H2O) cured for 28 
days at room temperature. All XRD patterns demonstrate the presence of the crystalline 
phase of quartz, and calcite in geopolymer and lightweight geopolymers. The crystalline 
quartz appeared due to the low dissolution of the crystalline quartz phase as the main 
component of silica sand flour in an alkaline solution [47, 48]. Calcite appeared in all 
XRD patterns as a result of calcium carbonate not fully reacting in the basic medium but 
remaining as filler material that increases the compressive strength of geopolymer [33, 
49]. On the other hand, the calcium silicate hydrate (CaO⋅SiO2⋅H2O) appeared due to 
the high percentage of calcium in ground granulated blast furnace slag (GGBFS) as 
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shown in XRF in table 1 (36.40%, CaO). The new crystalline chabazite phase 
(CaAl2Si4O12.6H2O) appeared at (2θ = 9) due to slag reactions with an alkaline solution 
[39]. The intensity of the chabazite phase is different in the three geopolymer samples 
due to quick hardening and high rate of reaction of geopolymer in the control sample 
(MC-00) but the setting time is slow in case of adding foaming agent in (MC-H1.25, 
MC-B2.5) lightweight geopolymers sample. Except for this only difference of 
crystalline chabazite phase, there is a great deal of similarity in the phases of 
geopolymer (without a foaming agent) and lightweight geopolymers. 

 

 
 

Fig. 6: XRD patterns of lightweight geopolymer samples prepared with/without a 
foaming agent aged 28 days. 

 
3.6. Morphology and Microstructure 
The morphology of all lightweight geopolymer mixes can be investigated by taking 
photographic images at the scale of 1 millimeter as shown in figure 7. The images 
showed that the pore size distribution of samples (MC-H0.75, MC-H1, MC-B1.5, and 
MC-B2) exhibited uniform and homogeneous shapes compared with other mixes. From 
the photographic images, it can be seen that these pores formed by the foaming agents 
are mainly spherical closed pores. The increase of the foaming agent percentage in the 
geopolymer mixes is directly proportional to the pore sizes. At the same amounts of the 
foaming agent; hydrogen peroxide mixes showed a larger pore size compared with the 
corresponding sodium perborate mixes because of the high oxygen content in hydrogen 
peroxide decomposition. 
 
MC-B1 mix showed a non-porous shape with a high bulk density (1770 Kg/m3) due to 
the low concentration of sodium perborate. With an increase in the sodium perborate 
content in other mixes (MC-B1.5 and MC-B2), the foams are formed in a uniform 
shape. MC-H1.25 and MC-B2.5 exhibited largely destroyed shapes. 
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Compared to the images taken in previous studies [
excellent, perhaps because silica sand flour helps to homogeneity in the geopolymer 
mixture. 
 
The microstructure of some selected samples MC
examined by SEM at two magnifications (X
µm, respectively in figure 8. The results show that the presence of unreacted slag, 
calcium carbonate, and silica sand flour in addition to appearing of the hydration 
product on the surface of slag and fly ash in the form of calcium silicate hydrate (C
H) and sodium aluminum silicate hydrate (N
percentages of unreacted silica sand flour due to the high crystallinity of silica in the 
form of quartz phase and the high
confirmed by XRD patterns for the same mixes [
magnification values revealed high compaction and uniform phases between 
geopolymer products and silica sand flour due to the high fineness of silica sand flour 
due to the absence of cracks at the int

Fig. 7: Photographic images of lightweight geopolymer images for the different 
mixes taken at a 1-millimeter scale.
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Compared to the images taken in previous studies [29, 36], the foam distribution is 
perhaps because silica sand flour helps to homogeneity in the geopolymer 

The microstructure of some selected samples MC-00, MC-B2.5, and MC
examined by SEM at two magnifications (X-100 and X-3000) with scales of 

. The results show that the presence of unreacted slag, 
calcium carbonate, and silica sand flour in addition to appearing of the hydration 
product on the surface of slag and fly ash in the form of calcium silicate hydrate (C

uminum silicate hydrate (N-A-S-H) [39]. SEM images exhibited high 
percentages of unreacted silica sand flour due to the high crystallinity of silica in the 
form of quartz phase and the high-substitution volume of GGBFS. These results are 

atterns for the same mixes [6]. SEM images at different 
magnification values revealed high compaction and uniform phases between 
geopolymer products and silica sand flour due to the high fineness of silica sand flour 
due to the absence of cracks at the interfacial transition zone [50]. 
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4. CONCLUSIONS 
This paper studied mainly the preparation of low
The ground granulated blast
carbonate by chemical foaming methods without usin
and concluded some important points as follows:
 
1. Using insulation materials inside buildings is an important way to conserve energy 

and lightweight geopolymer materials, especially those based on foam, have an 
effective role in this. 

 
2. Lightweight geopolymers mortars were successfully produced at room temperature 

from the mixture containing silica sand flour, and calcium carbonate as a filler (
in presence of hydrogen peroxide and sodium perborate tetrahydrate as 
agents without using surfactants or foam stabilizers.

 
3. As expected, the addition of hydrogen peroxide or sodium perborate tetrahydrate 

increases the porosity and reduces compressive strength, and bulk density, as a result 
of its decomposition an

 
4. The measured compressive strength of lightweight geopolymer samples aged 
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5. According to ACI classification, the lightweight geopolymers produced in this work 
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: SEM images for MC-00, MC-B2.5, and MC-H1.25 for three magnification 

, and X-3000 at 28 days of hydration. 

This paper studied mainly the preparation of low-cost lightweight geopolymers from 
ranulated blast furnace slag (GGBFS), silica sand flour, and calcium 

carbonate by chemical foaming methods without using surfactants or foam stabilizers 
and concluded some important points as follows: 

Using insulation materials inside buildings is an important way to conserve energy 
and lightweight geopolymer materials, especially those based on foam, have an 

 

Lightweight geopolymers mortars were successfully produced at room temperature 
from the mixture containing silica sand flour, and calcium carbonate as a filler (
in presence of hydrogen peroxide and sodium perborate tetrahydrate as 
agents without using surfactants or foam stabilizers. 

As expected, the addition of hydrogen peroxide or sodium perborate tetrahydrate 
increases the porosity and reduces compressive strength, and bulk density, as a result 
of its decomposition and release of oxygen bubbles that cause forming of voids.

The measured compressive strength of lightweight geopolymer samples aged 
at room temperature, ranged from 1.70 to 6 MPa and 3.30 to 17.60
of hydrogen peroxide and sodium perborate mixes, respectively. 

According to ACI classification, the lightweight geopolymers produced in this work 
are used as structural lightweight concrete (Class I), structural and insulating 
lightweight concrete (Class II), and insulating lightweight concrete (Class III) 
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6. When compared to the prepared sample without foaming agents, all of the FTIR 

spectra of the prepared lightweight geopolymer samples have the same vibrational 
bands. 

 
7. There is a great similarity in the geometrical structures for XRD phases of 

lightweight geopolymers with/without foaming agents, except for the difference in 
intensity of crystalline chabazite phases in selected mixes. 

 
8. When a higher concentration of foaming agents is added, pores congregate, reducing 

their number while increasing their size. 
 
9. The use of calcium carbonate, and silica sand flour in lightweight geopolymer, In 

addition to reducing the cost, improve the physical properties and increases the 
homogeneity of the geopolymer mixture. 
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