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Abstract— Fire can decrease a material’s elastic modulus and yield strength due to the creeping process. The use of a passive fire
protection system is one strategy to counter this problem. Such a system comprises building materials that can control fires, and this
system does not require any special operations in the event of a fire. This paper reviews a new type of passive fire protection systems.
It does so through a literature review of preliminary studies on manufacturing new fireproof materials from industrial waste. This is
economical and environmentally friendly, and the new materials can overcome the disadvantages of existing fire-resistant material.
This study aims to analyze the experimental factors that influence innovative new fireproof material, which can be used for civil
engineering. Specifically, the study addresses the geo-polymerization method. It originates from brick manufacturing methods as one
of the types of fire-resistant material that exist today. The study provides an overview of the significant factors that influence geopolymer
paste's making as a form of passive fire protection. The study found that the determinant factors are the composition ratio between Si
and Al, raw material, alkali type, and water content ratio (w/c).
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Passive fire protection refers to the protection of
I. INTRODUCTION construction materials [1-6]. It protects against flames, heat,
and smoke to deliver fundamental compartmentalization of
buildings, structural stability, and separation of the flames.
The purpose of this is to ensure people can safely exit a
burning building. Passive fire protection systems are built into
the building's structure to control fires by using building
materials and do not require any special operations in the
event of a fire. The purpose of passive fire protection is to
protect lives and protect the building from fire and smoke.
These goals can be achieved by using openings and barriers,
strengthening the building after the fire, minimizing the
rebuilding costs, and facilitating business improvement and
business continuity in buildings.

Passive fire protection is a solution to handle the effect of
fire on a material. For instance, elastic modulus and yield
strength decline in burned material due to creeping processes
[7]. Materials that experience an increase in temperature
display characteristics of glass transition temperature (Tg) and
yield temperature (Tm) variables [8], [9]. Glass transition
temperature (Ty) is the transition temperature at which
material transitions from a solid phase to a rubber phase.

Fire is a synthetical reaction consisting of fuel, oxygen, and
heat. Buildings require effective fire control because
uncontrolled fire causes risks for people and can severely
damage properties. Three primary goals of fire defense are to
limit fire damage of the building structure, allowing
occupants to escape from a burning building, and to protect
firefighters during rescue operations or when extinguishing
fires. Fire protection can be classified into three major
systems, namely active fire protection, passive fire protection,
and fire safety management. Active fire protection requires
action to apply for fire protection, whereas passive fire
protection is built-in as part of the building construction.
Moreover, fire safety management involves all managerial
activities aimed at limiting and putting out fires through
manning systems, materials, machines, methods, budget
allocation, and information. Fire safety management is
commonly regarded as a civilized system. This paper reviews
a new fire-resistant material that falls in the category of
passive fire protection systems.
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Meanwhile, yield temperature (Tm) is the transition
temperature of a material from the rubber phase to a liquid
phase. Atoms inside materials that experience temperature
increases have large heat energy. These atoms obtain stability
by filling in empty places or arranging their position. To
overcome changes inside materials as temperature increases,
fire-resistant material is used as passive fire protection. Fire-
resistant building materials available at present are gypsum,
brick, stucco, concrete, and intumescent paint.

Current fire-resistant materials have shortcomings [7, 10],
namely, the additional insulation material is required. In
addition, creating these materials entails a long process.
Moreover, existing materials are heavy; they lose strength and
experience spalling in a fire. These materials are also not
waterproof and have low fire resistance. Furthermore, there is
also a need for extensive surface preparation, and these
materials decompose to their original composition as they
react with carbon dioxide during a fire. This study addresses
these shortcomings by introducing a new type of fire-resistant
material. The purpose of this review paper is to analyze
experimental factors that influence the production of new
fireproof material. This innovative fireproof material is useful
for civil engineering due to its applicability, while it has fewer
disadvantages than existing materials.

This study describes a new method for making bricks based
[11], [12] to develop new fire-resistant material. Burning and
cementing are the original methods for fire-resistant
manufacturing bricks from clay. The disadvantages of both
previous methods are the large energy consumption, high CO»
emissions, and shortages of clay as a non-renewable natural
resource. In addition to these two methods, geo-
polymerization is a new method of making bricks that could
solve the problems of previous methods. Additional
considerations regarding the geo-polymerization method are
the use of waste material [13,14].

II. MATERIAL AND METHOD

The methodology used in this study is a literature review.
It is a preliminary study of the manufacturing of a new type
of fireproof material using geo-polymerization. This is an
exothermic reaction. In which geo-polymerization reactions
are applied at atmospheric pressure and temperatures below
100°C [18]. Geopolymer is the regular label of synthetic
aluminosilicate material that is made from alkali
aluminosilicate with alkali hydroxide/alkali silicate [15-17].
Geopolymers are formed due to a geo-polymerization
reaction from amorphous to crystalline [15, 18]. A specific
three-dimensional polymeric structure characterizes these
compact amorphous to semi-crystalline solid materials.

Besides, geopolymers are amorphous aluminosilicate
material [21, 22]. Moreover, geopolymers are a type of
inorganic  polymers [17-20].  Geopolymers contain

macromolecules that are linked by covalent bonds and have
an a-Si-O-M-O- backbone in which M consists primarily of
aluminum and secondarily other metals such as iron. Its
properties resemble ceramics, which can be produced and
hardened at room temperature [21, 22].

Material that is used to make geopolymers is classified in
different ways. Various studies have divided necessary
materials of geopolymer into two types: (1) alumina and silica
and (2) alkali [23], [25], [37]. Examples of alumina and silica
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are fly ash, silica fume, sodium silicate, metakaolin, and
Gibbsite. Meanwhile, examples of alkali are caustic soda
(NaOH) and potassium hydroxide (KOH) [24]. Other studies
discussed geopolymers that consist of aluminosilicate sources
such as fly ash, furnace slag and metakaolin [25-36]. Besides,
geopolymers are consisting of alkali liquid such as sodium
hydroxide and sodium silicate [25]. A separate study
described three components to synthesize geopolymers: the
raw materials, inactive filler, and geopolymer solution [38].
Examples of basic materials are fly ash, blast furnace slag, red
mud, and waste glass. Meanwhile, kaolin or metakaolin is an
example of an inactive filler consisting of ion 47*. In addition,
geopolymer solutions consist of a sodium silicate liquid and
alkali hydroxide solution. Sodium silicate liquid functions as
a binder, whereas the alkali hydroxide solution dissolves the
raw material. In this study, the raw materials used to make
geopolymers are divided into two components: (1) alumina
and silica, and (2) alkali. The process of geopolymer
formation is described in Fig. 1 [15].

The first step in Figure 1 presents aluminate and silica as
the result of the dissolution of solid aluminosilicate, alkaline
hydrolysis, and water. This process creates an amorphous
solid aluminosilicate. After the formation of aluminate and
silica, it becomes a thick supersaturated aluminosilicate. Then,
water releases and forms a gel as it produces thick
supersaturated aluminosilicate. In the next step of Figure 1,
water from this dense supersaturated aluminosilicate
formation is managed. Meanwhile, the existing water in the
supersaturated aluminosilicate fills the pores of the
supersaturated aluminosilicate solution. The type of gel
resulting from the formation of the thick supersaturated
aluminosilicate is called b-phasic. The process of gel
formation causes various gels to connect. The process of
polymerization and hardening follows this by forming three-
dimensional aluminosilicate, which is characteristic of
geopolymers.

High-alkaline  geopolymers  will  experience a
polymerization process when the active aluminosilicate
liquidizes and the free tetrahedral unit (SiO; and AIOy) is
released. This is the case for alkali hydroxide and silicate
solutions [22], [39], [40], [43]. To form an amorphous
geopolymer, the tetrahedral unit binds with precursor
polymeric by using oxygen atoms. Positive ions, such as K+
or Na+ appear to compensate for negative ions [15].

The term poly(sialate) stands for silicon-oxo-aluminate at
the time of chemical design for the geopolymer
aluminosilicate. Poly(sialate) is a chain and ring polymer with
Si*" and AI** on 4-fold coordination with oxygen [22, 30]. The
general formula of poly(sialate) is presented in Equation (1)
[10, 41]:

Mn [-(Si0;) z-AlO;] n. wH,O 1)
M is a monovalent cation such as K" or Na*
n is the degree of polycondensation
zis 1,2 or >>3
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Fig. 1 The process of Geopolymer formation [7]

Sodium (Na+) and potassium (K+) can balance the
negative charge introduced by Al (OH)s! and, thus, the
stoichiometric M/Al ratio is 1. Z is the Si/Al mole ratio of the
structure, ranging between 1 and 15, and up to 300 [64]. Some
sialate (Si-O-Al) forms in the cross-link chain and ring
formation. Electron diffraction analysis is a method of
studying geopolymer structures [42]. These structures are
amorphous to semi-crystalline. The three-dimensional image
of the silico-aluminate structure with properties from

amorphous to semi-crystalline in [22] and [19] is shown in Fig.

2.
The geo-polymerization process [43] is presented in
Equation (2) and Equation (3). Both equations above show

that Si-Al material can be a source of geo-polymerization [44].

16 Al-Si's natural extractives as a potential material resource
for producing a geopolymer [43]. This study found that all
silica and alumina resources can disperse in alkali solutions.
Both of these sources can be used as raw material to form

geopolymers [43].
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Fig. 2 Geopolymer Terminology [10], [37]
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Temperature plays an essential role in the kinetic reaction
and mechanical properties of a red mud-class f fly ash-based
geopolymer [39]. This study found that elevated temperature
can accelerate the dissolution of raw materials, thereby
enhancing geopolymer gels' development. Each of the three
stages of geo-polymerization occurred faster at a higher
curing temperature, as can be seen from the final setting time
and the Si-O-T band shift. The higher geo-polymerization rate
is also confirmed qualitatively as the amorphous stage
occurred earlier in the XRD, and mechanical strength
developed faster than at room temperature [39].

Water affects the geo-polymerization of metakaolin [45].
Specifically, the stable distribution of metakaolin geopolymer
pore size relies on both water to solid ratio (w/s) and the
NaOH/metakaolin or (N/M) ratio. Specifically, the (w/s) ratio
determines the formation of large/macropores. Meanwhile,
the (N/M) ratio affects the creation of small/micropores.

Seven experimental studies of fire-resistant material have
been conducted by using geopolymers. The following seven
paragraphs will briefly describe these studies. The fire
resistance of geopolymer panels was made from granulated
blast furnace slag [46]. This study measured physical
properties (e.g., density, porosity, and water absorption rate)
as well as mechanical properties such as compressive strength
and fire resistance. This study found that geopolymers'



physical and mechanical properties relate to the alkali solution,
and the amount of metakaolin added.

The second study assessed the geopolymer’s fire resistance
for plates made from metakaolin [47]. This study aimed to
obtain a composition for a Na;0-Al;03-nSiO,-mH>O system
and technology to make fire-resistant geopolymers that do not
decrease the value of the refractory bloating material factor.
The composition Na;0.A41,03.75i0:.23H,0 has the highest
bloating factor. Besides, using an additive in the form of
calcium carbonate and sodium tetraborate mixture with
sodium bicarbonate will accelerate the rate of hardening and
coating attachment without decreasing the bloating factor [47].
The third study assessed geopolymer fire resistance for
stainless steel and mild steel made from metakaolin [48]. It
focused on the ratio of Si to A/ for adhesion to stainless steel
and mild steel. The study found strong geopolymer adherence
with a value of 3.5 MPa. This occurs when the ratio Si to A/
value is 2.5 MPa [48].

Moreover, another study [49] focused on fire resistance of
geopolymer made from class f fly ash for metal. Two similar
studies have been conducted on geopolymer adherence to
materials [48, 49]. The differences between the studies relate
to the material, material characterization, and new research
variables. The material used is metakaolin [48], and class f fly
ash [49]. The material is characterized by using X-ray
Diffractometry (XRD) and Scanning Electron Microscopy
(SEM) [49]. Meanwhile, another study [50] did not use
material characterization. A new variable is water to cement
ratio, whereas the variable of ratio Si to Al is used [48], [49].
A strong adhesive of more than 3.5 MPa can be obtained for
a ratio of Si to Al of 2.5 for metakaolin and 3.5 for class f fly
ash [50].

The fire-resistance of geopolymers made from metakaolin
for steel plate [50]. In this study, sodium silicate and sodium
hydroxide pellets were added with a Si to Al ratio of 3.1. In
addition, three types of the composition of water to cement
were added. The three compositions show coating
adhesiveness greater than 3.5 MPa tensile stress and high
structural integrity with the steel plate of XRD results [50].

The fire resistance of a geopolymer is made from fly ash
with coarse and fine vermiculite granules [25]. This study
regarding thermal properties DTA-TG and heat addition found
that both thermal properties DTA-TG and heat addition
depend on the geopolymer’s internal structure. The addition
of coarse vermiculite granules will improve fire resistance
property more than by using fine vermiculate granules [25].

Lastly, the influence of fire on panel pasta geopolymer is
made from fly ash, metakaolin, and sodium silicate [51]. The
purpose of this study was to obtain physical properties,
mechanical properties, as well as fire and environmental
resistance. Physical properties include density, water
absorption, and porosity, whereas mechanical properties
include flexural strength and compressive strength. High fly
ash in geopolymers can be used as a fire-resistant plate.
Meanwhile, the metakaolin geopolymer has a lower density
and higher water absorption than geopolymers without
metakaolin. Compared with Portland Cement, a fly ash
geopolymer has greater fire resistance and compressive
strength. Furthermore, the use of fly ash geopolymer has no
negative impact on the environment [51]. These seven studies
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clearly show the application of geopolymers as fire resistance
material.

Various studies have addressed the heat properties of
geopolymers. For instance, geopolymer heat transfer has been
studied using fly ash and metakaolin as raw material [52].
Geopolymer’s heat expansion or shrinkage is measured based
on dimension calculation with dilatometry or the ex-situ
method. It is essential to know the effect of burning on a
geopolymer, precisely its value of enlargement and reduction
because prolonged shrinkage or accretion due to fire exposure
causes internal and external stress. These stresses could
potentially weaken or damage the building structure. Factors
that affect heat expansion of geopolymer are water content
ratio (w/c), type of raw material, alkali type, and composition
ratio [53]. The next section of results and discussion will
address the mechanism and assessment of geo-polymerization
regarding experimental factors in producing fire resistance
from geopolymer paste.

III. RESULTS AND DISCUSSION

Geopolymers are liquid mixtures that consolidate at room
temperature. They are obtained by the dissolution of an
aluminosilicate source in the presence of an alkaline solution.
The aluminosilicate source is the main raw material/precursor
in the geopolymer process. Meanwhile, the alkaline solution
is the second raw material/activator. The geo-polymerization
mechanism is initiated by the disintegration of alumina and
silica from the raw materials [54]. The split-up of alumina and
silica in the geopolymer process has been described briefly in
the previous section. Metal/proton exchange reaction, which
results from the dissolution of both these materials, causes the
initial removal of surface metals such as Na* and Ca’?* [55].
It is the reason that the elimination of surface metals makes
OH' ions attack alumina-silicate. The bonds between AlO are
weaker than SiO bonds [55]. Weak 410 bonds make Al enter
the solution as A/(OH), complexes. Meanwhile, disjoined
Si-Tetrahedra becomes easier for OH attack. In addition,
there are formations of silicon acids and oligomers that
contain SiO groups, which are often written as Si(OH);O . In
solution with alkaline cations, they neutralize the negative
charge. Initially, Al is a preferential dissolution, but later, a
steady state is reached with the stoichiometric release of Si
and Al even though the overall dissolution rate seems to
decrease due to an increase of Al in the solution.

The geo-polymerization mechanism is supported by the
disintegration rate of feldspars [56]. Contact between
disjoined products that have been accumulated between silica
and alumina monomers enhances coagulation. This
coagulation leads to polycondensation. The resulting
aluminosilicate gel oversaturates and settles to form an
amorphous product [57], containing a considerable amount of
zeolitic phases in the form of nanocrystals, such as sodalite,
Sfaujasite, zeolite A, zeolite ZSM-5, and others. The geo-
polymerization mechanism affects experimental factors such
as the composition ratio between Si and Al, the type of basic
material, alkali type, and water content ratio (w/c) [52].

It is important to consider the composition ratio between Si
and Al in the geo-polymerization process [43, 44]. The
composition ratio between Si and Al depends on the geo-
polymerization mechanism. The atom numbers of Si and Al
are 14 and 13, respectively, whereas Si has 4 outer electrons,



and Al has 3 outer electrons. The bonds between AlO are
weaker than SiO bonds [55]. Thus, a higher ratio of Si to Al
of geopolymer leads to more significant heat expansion than
would be the case for a lower Si to Al ratio. Besides the
composition ratio, the geo-polymerization mechanism also
explains why the type of raw material and the alkali type can
affect the geopolymer's heat expansion. The next two
paragraphs will describe the effect of the kind of raw material
and alkali type in the geo-polymerization mechanism.

As mentioned in the previous section, fly ash, slag, silica
fume, sodium silicate, metakaolin, and gibbsite are raw
material sources for geopolymers rich in alumina-silica. Table
1, Table 2, Table 3 and Table 4 present the chemical
composition of fly ash, slag, metakaolin, and natural zeolite,
respectively. Table 5 presents more than one chemical
composition of raw material for geopolymers. The percentage
of SiO; and ALO; from each raw material of geopolymer
influences its heat expansion. Specifically, a higher
percentage of SiO, than Al,Os3 causes more significant heat
expansion of geopolymers. This is because the bonds between
AlO are weaker than SiO bonds.

TABLEI

FLY ASH CHEMICAL COMPOSITION OF GEOPOLYMER BASIC MATERIAL
No. Basic Material SiO; (%) ALO3 (%)  Study
1 Class f fly ash 49.88 24.80 [25]
2 Class f fly ash 52.20 20.10 [37]
3 Class f fly ash 46.36 37.60 [49]
4 Fly ash 10.22 4.18 [58]
5 Pulverized flyash ~ 46.80 23.70 [59]
6 Class f fly ash 65.5 26.7 [60]
7 Class ffly ash 43.34 20.60 [61]

TABLE II

SLAG CHEMICAL COMPOSITION OF GEOPOLYMER BASIC MATERIAL
No. Basic Material SiO2 (%)  ALO; (%) Study
1 FeNi slag 41.14 13.79 [17]
2 Blast furnace slag ~ 35.95 10.01 [62]
3 Ferrochrome slag ~ 33.80 25.48 [49]
4 FeNi slag 41.14 13.79 [64]
5 Blast furnace slag ~ 37.30 13.10 [65]
6 Slag 36.00 11.00 [66]

TABLE III
METAKAOLIN CHEMICAL COMPOSITION OF GEOPOLYMER BASIC MATERIAL

No. Basic Material SiO2 (%) ALO3 (%) Study
1 Metakaolin 52.26 42.83 [46]
2 Metakaolin 46.36 37.60 [47]
3 Metakaolin 46.36 37.60 [48]
4 Metakaolin 46.36 37.60 [50]
5 Metakaolin 51.35 44.24 [67]
6 Metakaolin 52.90 41.90 [68]
7 Metakaolin 53.00 43.80 [69]
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TABLE IV
NATURAL ZEOLITE CHEMICAL COMPOSITION OF GEOPOLYMER BASIC
MATERIAL
No. Basic Material SiO2 (%) ALO;3 (%) Study
1 Natural Zeolite 62.74 9.68 [54]
2 Silica Chlorosilane ~ 84.23 4.18 [81]
3 Nal3X Zeolite 55.21 4.79 [82]
Powder
4 Nal3X Zeolite 55.21 4.79 [85]
Powder
TABLE V
MORE THAN ONE CHEMICAL COMPOSITION OF GEOPOLYMER BASIC
MATERIAL
No. Basic Material  SiO; (%) ALO; (%) Study
1 Granulated Blast  34.39 14.47 [46]
Furnace Slag
2 Metakaolin 52.26 42.83 [46]
3 Class fFly Ash  65.12 19.27 [51]
4 Metakaolin 65.17 32.02 [51]
5 Metakaolin 51.17 45.89 [58]
6 Fly Ash 10.22 4.18 [58]
7 Class fFly Ash ~ 45.30 41.20 [67]
8 Metakaolin 51.35 44.24 [67]
9 Rice Husk Ash 96.03 Not [70]
detected
10 Slag 35.21 13.09 [70]
11 Fly ash 72.10 24.70 [71]
12 Slag 33.30 14.60 [71]
13 Fly Ash 29.47 51.72 [72]
14 Metakaolin 53.32 42.09 [72]
15 Fly Ash 50.38 27.20 [73]
(Gaston)
16 Fly Ash 54.48 27.72 [73]
(Orlando)
17 Fly Ash (Martin ~ 54.88 19.31 [73]
Lake)
18 Fly Ash (Miller) 36.23 19.41 [73]
19 Fly Ash (Port 24.53 11.14 [74]
Augusta)
20 Fly Ash 45.03 7.67 [74]
(Eraring)
21 Fly Ash 42.79 4.11 [74]
(Tarong)
22 Fly Ash 51.78 27.80 [75]
23 Bauxite 3.40 53.12 [75]
24 Fly ash 57 21 [83]
25 Slag 324 11.5 [83]
26 Fly ash 57 21 [84]
27 Slag 324 11.5 [84]

Various studies have been conducted on different alkali
types [23, 25, 37, 76]. The alkali types used in these studies
are sodium (Na) and potassium (K). The atomic numbers of
sodium (Na) and potassium (K) are 11 and 19, respectively
whereas the atomic mass of sodium (Na) and potassium (K)
is 22.990 and 39.098, respectively [54, 77]. Potassium (K) is
heavier than sodium (Na) and the density (mass per volume)
of potassium (K) is greater than that of sodium (Na). This
difference in density between sodium (Na) and potassium (K)
influences the results of the geo-polymerization. Specifically,



sodium (Na) dissolves silica and alumina more rapidly than
potassium (K) [26]. Moreover, the use of potassium (K) leads
to greater strength than sodium (Na) [42, 43, 53, 76]. Another
benefit of potassium (K) is that it can deliver greater
compressive strength of geopolymer than sodium (Na) [53].
Furthermore, a study of the correlation between different
levels of moisture content on the rupture force found that
water content ratio (w/c) influences the workability and
strength of a material [78].

IV. CONCLUSION

Thermal problems in buildings relate to the materials used
for construction, with or without air spaces. Materials affect
the flow of heat too, from, or within substances. Heat flow
occurs due to temperature differences which have the
potential to drive heat from hotter to colder zones. Burning
materials experience a reduction in yield stress and elastic
modulus. In order to tackle this reduction, materials need fire
protection. Three primary fire safety goals are to limit fire
damage to the structure, safeguard occupants from injury until
they reach a safe place, and to safeguard firefighters while
performing rescue operations or extinguishing fires.

The fire protection system can be categorized into three
major systems namely the active fire protection system,
passive fire protection, and fire safety management. Active
fire protection is an energized system for installed fire
protection whereas passive fire protection refers to built-in
systems. Fire safety management implies all types of
managerial activities aimed at preventing and extinguishing
fires through manning systems, materials, machines, methods,
budget allocation, and information. Fire safety management
is commonly regarded as human systems. This study
addressed a passive fire protection system by describing a
new fire resistance material.

Current fire resistance materials are gypsum, stucco,
concrete, intumescent paint, and brick. These materials have
shortcomings as they require additional insulation material. In
addition, creating these materials entails a long process.
Moreover, existing materials are heavy, they lose strength and
experience spalling in a fire. They are also not waterproof and
have low fire resistance. Furthermore, there is also a need for
extensive surface preparation, and these materials decompose
to their original composition as they react with carbon dioxide
during a fire. This paper proposes a new fire-resistant material
by making bricks. Conventional methods of brick making are
by burning and cementing. Two drawbacks of these
conventional methods are high energy consumption
(approximately 2 kWh/brick and 0,30 kWh/kg), and high
pollution that is caused by CO; (+0,41 kg CO,). In order to
address the shortcomings of conventional methods, a new
method called geo-polymerization emerged.

This geo-polymerization process involves materials that
contain aluminosilicate synthesized from materials containing
Alumina (Al,O3) and Silica (SiO»). These materials are found
in industrial waste/waste materials such as fly ash, slag, silica
fume, and metakaolin. In general, this waste material has low
calcium content and has high levels of alumina (Al,O3) and
Silica (Si0»).

Factors that affect the manufacturing of new fire-resistant
material with a geo-polymerization’s method are composition
ratio, type of raw material, alkali type, and water content ratio
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(w/c). The composition ratio between Si and Al depends on
the geo-polymerization mechanism. The atom numbers of Si
and Al are 14 and 13, respectively. Consequently, Si has 4
outer electrons, and Al has 3 outer electrons. The bonds
between A/O are weaker than SiO bonds.

Geopolymer resources need to be rich in alumina and silica.
The percentage of SiO, and Al,O; from each raw material
influences the geopolymer’s heat expansion. Specifically, a
higher percentage of SiO, compared to Al,Os in raw material
leads to higher heat expansion of the geopolymer [79, 80].
This happens because of the bonds between 4/O are weaker
than SiO bonds. Geopolymer raw materials need an alkaline
activator solution to have binding property. This solution
activates the aluminum (Al) and silica (Si) components so that
polymerization bonds occur. The alkaline activator solutions
that can be used are those containing Group 1A alkaline
elements of the periodic table.

The alkali types used in these studies that this paper
reviewed are sodium (Na) and potassium (K). The atomic
numbers of sodium (Na) and potassium (K) are 11 and 19,
respectively, whereas their atomic mass is 22.990 and 39.098,
respectively [54, 77]. Potassium (K) is heavier than sodium
(Na) and has a greater density. This difference in density
influences the resulting geopolymer. Moreover, the water
content ratio influences the workability and strength of a
material. In this study, the composition ratio between silica
(Si) and aluminum (Al) to make fire-resistant geopolymers is
between 2 and 35. In order to obtain the composition ratio
between silica (Si) and aluminum (Al) and to optimize the
usefulness of basic material, several studies have been
executed by combining one or more basic material and using
one or more basic material with zeolite.
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