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ABSTRACT: Substitute materials are used to modify the properties and characteristics of concrete, for example,
to increase strength and improve performance (workability) in concrete. Waste materials from the environment
can be used as a substitute material in the concrete mix. One of the efforts is to utilize bamboo leaf ash. Research
on bamboo leaf ash as a basic ingredient with sodium hydroxide and sodium silicate added as activators was
carried out to determine the characteristics of each parameter on the compressive strength of geopolymer
concrete. The method used in this research is an experimental method of conducting laboratory tests using a
cylindrical mould measuring 5 cm x 10 cm. The number of cylindrical specimens made was 81, with three molar
variations, namely 10, 12, and 14 M. The tests were carried out at the ages of 3, 7, and 28 days. Based on the
results of laboratory research, it was shown that geopolymer concrete made from fly ash and bamboo leaf ash
had a compressive strength that met the initial planned compressive strength of 20 MPa, and the highest
compressive strengths produced from specimens coded CU B3 and CU C3 were 20.892 and 21.911 MPa,
respectively. So geopolymer concrete with a mixture composition of 80% fly ash and 20% bamboo leaf ash with
a molar variation of 14 M and a mixed composition of 70% fly ash and 30% bamboo leaf ash with a molar
variation of 14 M can be used for construction.
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1. INTRODUCTION reinforcement in reinforced concrete mixtures that
produce environmentally friendly concrete at more
The basic ingredients of concrete are generally affordable prices. One effort to reduce the use of
cement, sand, crushed stone, and water. Concrete cement is the development of geopolymer materials.
has undergone many developments. One of the most A number of studies have shown that geopolymer
technological developments in concrete is the binders can form concrete, and concrete made with
discovery of a combination of concrete and geopolymer made from fly ash has physical
reinforcing steel materials that are combined into characteristics similar to concrete made from cement
one construction, known as reinforced concrete [1- [9, 10]. Among them is the development of concrete
3]. using organic binders such as alumina-silicate
In terms of cement derivative products, polymer, or what is known as geopolymer, which is
lightweight concrete has been developed; a cement a synthesis of geological materials found in nature
paste or mortar is defined as lightweight concrete that are rich in silica and aluminum content [11-13].
with a density of 400-1,850 kg/m3 and has random Geopolymer elements include industrial by-
air voids made from a mixture of foam agents in the products, such as fly ash from coal combustion
mortar. Lightweight concrete has high flowability, residue. Fly ash material used in the manufacture of
low cement content, and efficient use of aggregates concrete can react chemically with alkaline liquids at
[4, 5]. Portland cement production is under scrutiny certain temperatures to produce mixed materials that
due to high carbon dioxide emissions. Conventional have cement-like properties [14]. The geopolymer
Portland cement is produced by pulverizing material is combined with rock aggregate to produce
hydrolyzed calcium silicate and mixing it with geopolymer concrete without using any more
gypsum [6]. The calcination process in the kiln can cement [15]. In the manufacture of geopolymer
reach more than 1250°C and produce carbon dioxide concrete, the materials used as concrete binders are
(COy) as a by-product of combustion. One ton of fly ash, chemical additives in the form of sodium
cement produced will release one ton of CO- into the hydroxide, and sodium silicate activators (Na;SiOs)
air, which can cause a greenhouse effect and an [16].
increase in the earth's temperature [7, 8]. Therefore, The effect of burnt bamboo leaf ash as a
another alternative is needed to replace cement and geopolymer concrete mixture has the benefit of
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containing silica (SiO.), which has reactive
properties and can become a hard and stiff material.
Therefore, the results of burning bamboo leaves can
be used as a mixture in concrete. Bamboo leaf ash
was chosen based on research conducted by
Maranan et al. (2016) [17], who stated that bamboo
leaf ash has pozzolanic properties. Amu &
Adetuberu (2010) [18] also mentioned that burning
bamboo ash leaves at 600°C for 2 hours produces
75.9% silica.

In fly ash-based geopolymer binders, bamboo
leaf ash, and alkaline solutions react with fly ash to
form alumina-silica binders without the addition of
cement. The geopolymer binder then bonds the
aggregate to form mortar or concrete. In several
research studies using fly ash geopolymer as a
binder material to replace cement, it seems that hot
temperatures in the oven are always required to
develop and increase the strength of concrete.
Therefore, oven heat is needed to make geopolymer
concrete from bamboo leaf ash and fly ash. This is
expected to provide the heat needed for each use of
fly ash geopolymer to develop concrete strength and
reach normal concrete strength.

In Toraja, a small number of people use bamboo
leaves as roofing material for tropical and sub-
tropical buildings, while most are disposed of as
waste, which has the potential to pollute the
environment because if bamboo leaves are burned
incompletely, they produce carbon monoxide (CO)
gas, which is harmful to health, and if thrown away
when it rains, they can clog the flow of water in
ditches, which can cause flooding, so the presence of
bamboo leaf waste needs to be addressed. This study
aims to analyze the effect of curing time and liquid
alkaline activators (NaOH and Na;SiOs3) on the use
of bamboo leaf ash and fly ash on the strength of
geopolymer concrete.

2. MATERIALS AND METHOD
2.1 Bamboo Leaf Ash

Bamboo plants have many uses, including as a
building material, especially in tropical and
subtropical regions. In terms of benefits, bamboo is
not only in the stems but also in the bamboo leaves,
but many people do not know the benefits of burning
bamboo leaves. With the combustion process,
bamboo leaf ash has the benefit of containing silica
(SiO2), which has reactive properties and can react
to become a hard and stiff material. The ash content
of bamboo leaves is 20% with a silica content of
75.90% — 82.86%, which is the second largest after
rice husk ash, which is equal to 93.2%. Therefore,
the results of burning bamboo leaves can be used as
a mixture in concrete.

In this study, bamboo leaf ash was used as a
pozzolanic material, which, together with fly ash,
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was activated using an alkaline activator. Burning
bamboo leaves begins with drying the bamboo
leaves in the sun. The dried bamboo leaves are then
put into a drum and then burned at 105.5°C to get
ash, which is shown in Figure 1. The bamboo leaf
ash is then filtered on sieve no. 200, shown in Figure
2.

It can be seen that bamboo leaf ash is a material
that is more than 90% retained in sieve no. 200.
Table 2 shows the results of testing the chemical
characteristics of bamboo leaf ash based on the
results of the XRF test. It can be seen that bamboo
leaf ash is dominated by silica compounds (SiO,) of
72.60%, K,O of 16.93%, CaO of 6.43%, P,Os of
4.16%, Fe,O3 of 3.13%, and CI of 2.54%. While the
small compounds that were read from the straw ash
were MnO, TiO;, Rb,O, ZnO, SrO, NbyOs, and
MoOQs, it is hoped that the silica contained in the
straw ash can form strong bonds with other materials
to form crystals in the geopolymer mortar. So that it
can configure a compact structure that has a robust
composition.

Fig.1 The process of burning bamboo leaves

Fig.2 Bamboo leaf ash

Table 1. Physical characteristics of bamboo leaf ash

Materials characteristic Standard Results
Specific gravity SNI 03-1964-2008 2.38
Water absorption SNI 1970-2008 61.37%
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Table 2. Chemical characteristics of bamboo leaf
ash

No. Oxide compounds Content (%)
1 SiO, 72.60
2 K0 16.93
3 CaO 6.43
4 P20s 4.16
5 Loss on ignition (LOI) 3.20
6 Fe,03 3.13
7 cl 2.54
8 MnO 0.412
9 TiO, 0.206
10 Rb,0O 0.0195
11 ZnO 0.0198
12 Sro 0.0169
13 Nb,Os 0.0057
14 MoO; 0.0069

2.2 Fly Ash

Based on the American Coal Ash Association
[19], fly ash is a product of combustion waste in
steam power plant furnaces that has a smooth, round
shape and is pozzolanic in nature. Whereas ASTM
C-618 [20] defines fine grains as residue from
burning coal or coal powder.

Table 3 shows the physical characteristics of fly
ash. Based on Table 3, the results of the inspection
of the specific gravity of fly ash were 2.88, where
the specific gravity of fly ash was greater than the
specific gravity of straw ash and laterite soil. This is
because, according to ACI Committee 226, where
fly ash has fine grains, which pass sieves No. 200
>90% and No. 325 (45 micron) 5-27%. Table 4
shows the chemical characteristics of fly ash.

Table 3. Physical characteristics of fly ash

Materials
o Standard Results
characteristic
Specific gravity ~ SNI 03-1964-2008 2.78
Sieve analysis ASTM D-1140-54 > 90% passed
No.200

ASTM C 618-03 [20] divides fly ash into three
categories, namely class N, class F, and class C. The
minimum content of SiO; Al;O03 and FexOs
compounds is 70% for fly ash in the class N and
class F categories, while the class C category is
between 50% and 70%.

The CaO content in fly ash in class N and F
categories is relatively smaller compared to class C
categories, where the CaO content is greater than

10%. Meanwhile, according to Temuujin, J., et al.
(2010) [21], the CaO element contained in fly ash in
the class F category is less than 20%. Therefore,
based on ASTM C618-03 [24], and Temuujin, J., et
al. (2010) [21], the fly ash used in this study shown
in Table 4 is type F fly ash (low calcium fly ash).
Class F fly ash, which is the result of industrial
production, is preferred for the use of geopolymer
concrete because it contains a lot of amorphous
aluminium silicate and has great workability.

Table 4. Chemical characteristics of fly ash

No. Oxide compounds Content (%)
1 Sio, 44.69
2 Al,O5 15.73
3 Fe,03 10.25
4 CaO 14.12
5 MgO 2.78
6 K0 0.73
7 Na,O 0.49
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Fig.3 Fly ash

In this study, using fly ash from PLTU Jeneponto
which is shown in Figure 3. Jeneponto fly ash has
pozzolanic properties, and to obtain cementitious
properties, quick lime, hydrated lime, or cement
must be added. The first reaction is the reaction of
calcium with water, which causes a hydration
reaction caused by lime. The second reaction is the
reaction of geopolymerization between silica and
alumina, which is activated by alkali. Fly ash has a
specific area of 170-1000 m?kg. The average
particle size of sub-bituminous coal fly ash is 0.01
mm-0.015 mm, the surface area is 1-2 m?/g, and the
particle shape is mostly spherical, that is, most of it
is spherical, resulting in better workability [22].

2.3 Alkaline Activator
In the manufacture of geopolymer concrete, an

alkaline activator is needed, which functions to react
the chemical content in the fly ash so that the
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geopolymer paste can bind to the aggregate. The
activator commonly used is sodium silicate
(NazSiO3). Sodium silicate functions to accelerate
polymerization reactions; coal with a certain quality
is used in combustion; and the level of optimization
of the combustion process will greatly affect the
levels of chemical content in fly ash [23].

Several studies have proven that sodium silicate
can be used as an admixture in concrete. This
sodium silicate and sodium hydroxide are one of the
alkaline solutions that play an important role in the
polymerization process. This is because sodium
silicate has the function of accelerating the
polymerization reaction. The reaction occurs more
rapidly in alkaline solutions that contain a lot of
hydroxides.

2.4 Aggregates

Aggregate is the concrete component that plays
the most important role in determining the strength.
In concrete, there is usually 60%-80% by volume of
aggregate. This aggregate must be graded in such a
way that the entire mass of concrete can function as
a whole, homogeneous, and dense object, where the
small aggregate functions as a filler in the gaps
between the large aggregates.

Table 5. Properties of aggregates

Material Characteristics Standard Results
Coarse Aggregate

Sludge content (%) SNI 03-4142-1996 2.99
Volume weight (gr/cm?®)

e Dense condition SNI 03-1973-1990 1.58
e Loose condition 1.35
Water content (%) SNI 03-1971-1990 1.28
Bulk specific gravity 2.56
SSD spesifuc gravity SNI 1969-2008 2.61
Apparent spesific gravity 2.68
Water absorption (%) SNI 1969-2008 1.75

Fine Aggregate

Sludge content (%) SNI 03-4142-1996 1.63
Volume weight (gr/cm®)

o Dense condition SNI 03-1973-1990 1.46
e Loose condition 1.34
Water content (%) SNI03-1971-1990 9.59
Bulk specific gravity 2.18
SSD spesifuc gravity SNI 1970-2008 2.35
Apparent spesific gravity 2.62
Water absorption (%) SNI 1970-2008 7.76
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In this study, coarse and fine aggregates were
used to produce geopolymer concrete. Aggregates
are obtained from a stone crusher located in Tana
Toraja. Table 5 shows the results of examining the
coarse and fine aggregates used in this study.

Based on the results of testing the characteristics
of coarse aggregate (crushed stone) and fine
aggregate (sand), it can be seen that the aggregate
used meets the specifications of the Indonesian
National Standard for the required concrete
materials.

2.5 Compressive Strength

The compressive strength test of concrete
referred to in SNI 03-1974:1990 was carried out at
the ages of 3, 7, and 28 days. Loading method by
placing a concrete cylinder with a diameter (d) of 5
cm and a height (h) of 10 cm on the UTM (universal
testing machine) compressive strength  tester
centrically.

The press machine is run automatically with a
constant addition of load (P) ranging from 2 to 4
kg/cm? per second on the cross-sectional area (A)
until the cylinder is crushed. The maximum load that
occurs during the test is recorded as a P value.

2.6 Research Method

The research was carried out experimentally in
the laboratory. In addition, a survey was also
conducted to find out the sources and availability of
concrete-forming materials, especially fibers derived
from bamboo. The stages of this research started
with the process of preparing equipment and
providing materials, inspecting materials, planning
and manufacturing, and testing test objects.

This research was carried out by mixing
geopolymer concrete forming materials such as
coarse aggregate, fine aggregate, bamboo leaf ash,
fly ash as a substitute for cement, sodium hydroxide,
sodium silicate, and water as an alkaline activator at
mixed contents, as shown in Table 6.

Mixing was carried out for a duration of 5
minutes for all molar variations. Then the mixture is
put into a cylindrical test object with a mould size of
5 cm x 10 cm and given a code. After making dry
test specimens and removing them from the mould,
the test specimens were treated with air curing or
water curing for 3 days, 7 days, or 28 days. And
curing the oven for 24 hours at a temperature of
60°C. After reaching the predetermined age of
concrete, the specimen is lifted from the soaking tub
to be dried one day before the concrete compressive
strength test is carried out. Making a mix design is
done by testing the initial mix so that the number of
test objects obtained in one mix is then converted to
1 m®. In each variation of this study, we used a total
of 3 test objects. So that, the total test object needed
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is 81 pieces. The standards used in testing concrete-
forming materials are the American Society for
Testing and Materials (ASTM) standard and the
Indonesian National Standard (SNI).

Table 6. Sample compositions

compressive strength value decreases. Clearly, this
issue potentially impacts the overall structural
performance to effectively withstand various type of
loads and stresses.

Table 7. Mix design (1 m®)

Mixture content

Activator
No  Molarity variation Bamboo Fly  Code
variation N.OH: leaf ash Ash
Na2SiO3
1:15 10% 90% Al
1 10M 1:15 20% 80% Bl
1:15 30% 70% C1
1:15 10% 90% A2
2 12M 1:15 20% 80% B2
1:15 30% 70% Cc2
1:15 10% 90% A3
3 14 M 1:15 20% 80% B3
1:15 30% 70% C3

3. RESULTS AND DISCUSSION
3.1 Mixtures Design

The design composition of the geopolymer
concrete mixture in a volume of 1 m® made from
bamboo leaf ash, fly ash, coarse aggregate, fine
aggregate, and alkaline activator (NaOH and
Na,SiO3) is shown in Table 7. In this study, the ratio
of bamboo leaf ash to fly ash is 10%-90%, 20%-—
80%, and 30%-70%. From the initial mix trials, the
geopolymer concrete composition design was
obtained at optimal conditions. NaOH and Na2SiOs;
solutions were used as alkaline binders.

The amount of water used is also taken into
account to obtain the optimal water content for an
optimal and homogeneous mixture. The molarity
concentrations of NaOH used in this study consisted
of three, i.e., 10 M, 12 M, and 14 M.

It can be seen that the greater the concentration
of NaOH, the greater the amount of NaOH used. At
concentrations of 10 M, 12 M, and 14 M, 3.60 kg,
4.32 kg, and 5.04 kg of NaOH were used. It can be
seen that the ratio between alkali and total material
at 10 M, 12 M, and 14 M is 7.98%, 14.77%, and
17.82%, respectively. This phenomenon shows that
at 14 M has the largest ratio of alkali and total
material. The greater the molarity causes the
geopolymerization reaction that does not take place
perfectly. This is indicated by the appearance of
effofluorence (NaOH + CO, - sodium carbonate).
The effofluorence that occurs causes many cavities
to occur in the geopolymer mortar so that the
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Materials (gram) Molarity (M)
10 12 14
NaOH 3.60 4.32 5.04
Na,SiOs 16.47 19.76 23.06
Fine aggregate 1.83 1.83 1.83
Coarse aggregate 1.93 1.93 1.93
Water 0.36 0.36 0.36
10:90%
Bamboo leaf ash 0.07 0.07 0.07
Fly ash 0.62 0.62 0.62
20:80%
Bamboo leaf ash 0.14 0.14 0.14
Fly ash 0.56 0.56 0.56
30:70%
Bamboo leaf ash 0.21 0.21 0.21
Fly ash 0.49 0.49 0.49

3.2 Compressive Strength

Figure 4 shows a comparison of the compressive
strength values for all test objects at concentrations
of 10 M, 12 M, and 14 M geopolymer concrete
made from bamboo leaf ash, fly ash, coarse
aggregate, fine aggregate, and alkaline activators
(NaOH and Na;SiOg).

The compressive strength test above shows that a
mixture of 70% fly ash and 30% bamboo leaf ash as
a substitute for cement with added activators sodium
hydroxide (NaOH) and sodium silicate (NazSiOs)
has a molar variation of 10 M or 400 gr with a ratio
of 1: 1. Five specimens with CU code (air curing)
C1 at 28 days of age have the highest compressive
strength of 18.854 MPa. These results indicate that
10 M can increase the compressive strength of
geopolymer

The compressive strength test above shows that a
mixture of 70% fly ash and 30% bamboo leaf ash as
a substitute for cement with added activators sodium
hydroxide (NaOH) and sodium silicate (NazSiOs3)
with a molar variation of 12 M or 480 gr with a ratio
of 1:1.5 specimens with CU (air curing) code C2 at
the age of 28 days had the highest compressive
strength of 20.076 MPa.

Test above shows that a mixture of 70% fly ash
and 30% bamboo leaf ash as a substitute for cement
with added activators sodium hydroxide (NaOH)
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and sodium silicate (Na.SiOs) has a molar variation
of 14 M or 560 gr with a ratio of 1:1.5. Five
specimens coded CU (air curing) C2 at the age of 28

25

days had the highest compressive strength of 21.911
MPa.

20

15

10

Compressive Strength (MPa)

3 7 283 7 28(3 7 28|/3 7 28|3 7 28{3 7 28|3 7 28|3 7 28(3 7 28

CO Cu CA CO

Cu CA Co Cu CA

90% Fly ash and 10% Bamboo|80% Fly ash and 20% Bamboo|70% Fly ash and 30% Bamboo

leaf ash

leaf ash

leaf ash

@ Compressive Strength (MPa) 10 M
= Compressive Strength (MPa) 12 M
@Compressive Strength (MPa) 14 M

Fig.4 Comparison of compressive strength for all test objects

Based on Figures 10, it can be seen that the
compressive strength value increases with increasing
curing time for geopolymer concrete for all test
objects. The unification of all geopolymer materials
greatly affects the hardness value of geopolymer
materials. This can be caused by the molarity
concentration used so that the alkaline activators
(NaOH and Na;SiO3) can properly bind the
geopolymer material. Some geopolymer particles
agglomerate, layer, and elongate.

As seen in Figure 10, the compressive strength.
In addition, in this study, a compressive strength test
was carried out on geopolymer mortar using
geopolymer constituent materials (bamboo leaf ash
and fly ash), which passed sieve no. 200. The
compressive strength test of geopolymer material
that passes sieve no. 200 is a comparison with the
compressive strength value of geopolymer concrete
using variations in the size of the material used so
that the effect of material size on the mechanical
characteristics of geopolymer mortar can be known.
This shows that the smaller or finer the geopolymer
material used, the greater its compressive strength
value. The size of the material will be directly
proportional to the resulting compressive strength
value.

With the comparison of the concrete compressive
strength of the cylinder test object above, it can be
concluded that the graph has increased with the
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increasing age of the concrete. This indicates that the
increase in compressive strength continued from the
curing age of 3, 7, and 28 days due to the ongoing
polymerization process, which forms stronger
chemical bonds within the material’s matrix.

The graph above also shows the difference in
concrete compressive strength depending on the type
of treatment performed on it. Air curing has a
concrete compressive strength greater than oven
curing and water curing. But oven curing has a
greater compressive strength than water curing. This
shows that the compressive strength of the resulting
concrete is influenced by the type of treatment given
to it. The perfect polymerization reaction causes the
geopolymer materials (bamboo leaf ash and fly ash)
to blend properly so that it affects the hardness and
density of the test object.

Materials that pass Sieve No. 200 is one of the
factors that affect the properties of geopolymer
mortar, including compressive strength [13]. The
physical properties of the mortar are closely related
to its durability. Durability is measured by damage
caused by internal and external factors in the mortar
itself. Mortar usually has various pore distribution
characteristics that can affect its transport properties,
such as absorption, diffusion, and sorptivity, which
determine the quality of the mortar.

It can be seen that the compressive strength value
of the specimen with air curing is greater than that of
the water-cured specimen. This is because the
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polymerization reaction on the air-cured specimen
occurs perfectly compared to the water-cured
specimen.

The decrease in compressive strength due to
water immersion and heat from curing the oven is
caused by ions from the alkaline activator and silica
from bamboo leaf ash and fly ash, which can react
with the geopolymer mortar binder, thereby reducing
the bonding power between the binder (alkaline
activator) and the material of geopolymer concrete
(bamboo leaf ash, fly ash, and aggregates). Weak
exposure to water and oven heat can result in
significant microstructural reorganization in mortar.
Penetration of sulphate ions into the material not
only originates from the precipitation of sulphate-
bearing phases (such as ettringite and eventually
gypsum) but also results in the dissolution of
calcium hydroxide and C-S-H decalcification. In
addition, sulphates can cause cavities in the
geopolymer mortar, causing a decrease in the weight
and compressive strength of the geopolymer mortar.

4. CONCLUSIONS

1. The composition of the mixture and the molar
variation in the compressive strength of the
resulting concrete is very influential; the higher
the molar variation is given, the greater the
compressive strength of the resulting concrete.
This is shown by the highest compressive
strength obtained from the molar variation of 14
M. However, the reduced composition of the
mixture and the addition of bamboo leaf ash will
increase the compressive strength of the resulting
concrete. There is a test object with a mixture of
90% fly ash and 10% bamboo leaf ash with a
molar variation of 14 M producing the highest
compressive strength of 19.261 MPa; a test
object with a mixture of 80% fly ash and 20%
bamboo leaf ash with a molar variation of 14 M
CU (air curing) produced the highest
compressive strength of 20.382 MPa; and a test
object with a mixture of 70% fly ash and 30%
bamboo leaf ash with a molar variation of 14 M
produced a concrete compressive strength of
21.911 MPa.

2. Based on the results of laboratory research, it
was shown that geopolymer concrete made from
fly ash and bamboo leaf ash had a compressive
strength that met the initial planned compressive
strength of 20 MPa, and the highest compressive
strength produced from specimens coded CU B3
and CU C3 obtained optimum results of 20.892
MPa at the composition of a mixture of 80% fly
ash and 20% bamboo leaf ash with a molar
variation of 14 M and 21.911 MPa on a mixed
composition of 70% fly ash and 30% bamboo
leaf ash with a molar variation of 14 M can be
used for construction.
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3. Sodium hydroxide (NaOH) and sodium silicate
(NaSiOs) can release silica and alumina in the
amorphous phase and can be used as a binder for
geopolymer mortar made from straw ash, fly ash
and laterite soil without heating. These materials
react with alkaline solutions to form alumina-
silica binders without the use of cement resulting
in Si-O-Al polymer bonds. The polymerization
reaction that takes place makes the test object
harden without the oven heating process.

4. The results of this study can be used to support
the use of waste materials (fly ash and laterite
soil) and local materials (straw ash) as
geopolymer  mortar-forming  materials. In
addition, it can also support the development of
eco-friendly (environmentally friendly) national
infrastructure without the use of oven heat for the
polymerization reaction to take place. However,
this research can also be developed to increase
the compressive strength of geopolymer mortar,
which resembles that of conventional concrete in
general.
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