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Abstract .This study presents curing temperature influences to behaviors
of geopolymer concrete. The concrete was fly ash based, with the ratio of
fly ash to alkaline activator was 65%:35%. Ratio coarse aggregate to fine
aggregate was 60%:40%, ratios Na,SiO;/NaOH were 1.5:2 and 2.5. A
polycarboxilate superplasticizer with ratio was 2% to fly ash weight. Form
of the test specimens were cylinder with diameter of 10 cm and 20 cm
high. Steam curing conducted were at 40°C, 60°C and 80°C for 24 hours.
The control specimens were treated at normal moist curing. Tests
conducted were compressive strength, tensile strength, porosity and
elasticity modulus. The results indicated that at the elevated temperature
the compressive strength increases as well as tensile strength but decreases
the closed porosity of specimens. The elasticity modulus had a similar
tendency.

1 Introduction

This paper presents the influence of temperature curing to behaviors of geopolymer
concrete. It is already known that manufacturing process of Ordinary Portland Cement
(OPC) produce CO, as pollutants [1]. Since it is a main substantial in concrete industries,
an innovative eco-friendly material is necessary to be considered. Recently, geopolymer
concrete is introduced as one of the solutions. It is formed by using source materials
containing reactive silica (Si0,) and alumina (Al,0Os) activated with alkali solutions. The
source of materials can be obtained abundantly, such as fly ash (FA), calcined clay,
metakaolin or granulated blast furnace slag (GBFS) [1,2]. Researches on geopolymers
mostly were application of class F fly ash mixed with activator alkali to produce high
strength geopolymer paste [4]. In general, mixing class F fly ash and activator alkali with
mass ratio of Na,SiO; to NaOH in the range of 1.5-2.0 resulted in high compressive
strength of geopolymer concrete. In this case, the consentration of NaOH was eight molars
[4]. In some countries the geopolymer concrete are applied as structure members [5]. It is
normal in concrete that curing factors have an effect on the compressive strength, as well as
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for geopolymer concrete. At elevated temperature of curing, the strength of concrete has
tendency to increase.

2 Materials and experiments

The concrete was based on fly ash. The mass ratio fly ash to alkali activator was 65% :
35%, mass ratio of coarse aggregate to fine aggregate was 60% :40%, and mass ratio
Na,SiO; to NaOH were varied at 1.5, 2, 2.5. Superplasticizer used was polycarboxilate
based with a ratio of 2% by fly ash weight. In this paper, geopolymer concrete were
prepared for cylindrical specimens with a diameter of 10 cm and 20 cm high. After casting,
the specimens were steam cured at temperature varied at 40°C, 60°C and 80°C. Some tests
were performed for compressive strength, tensile strength and elasticity modulus. Some
specimen controls were treated at room temperature.

3 Experimental results

3.1 Material analysis.

The results XRD analysis of fly-ash is shown in Figure 1 and Table 1, and XRF result is
illustrated in Table 2.

14000
Qz
12000
10000
E E000
£
£ 00
E
Q@
4000
SSi @
i il o
i
0 A o An Agdl Syt Gt @z a o om %
a
An
[}
H 0 15 ! E] 0 E a a5 50 55 60 & 7
2-tetha (deg)

Fig. 1. XRD analysis of fly-ash.

Table 1: Chemical compounds of fly ash from XRD analysis.

Code Mineral Chemical Formula
1 Quartz low SiO,
2 Alumunium Oxide AlLO;
3 Magnemite TiO,
4 Hematite HP, iron(I1T) Fe,0,
oxide
5 Anorthite, sodian Nay 45Cag 55Al; 55515 45

As shown in Figure 1 and Table 1 the main mineral of fly-ash are quartz, aluminum
oxide, iron oxide and anorthite.
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As shown in Table 2, the total quantity of three main oxides (SiO, + Fe,O; + AL,O3) of
fly-ash is more than 70%. Therefore, the material is classified as pozzolanic material
according to ASTM C618-2012.

Table 2. Chemical composition of fly ash by XRF analysis.

No. C?))Iilgien Percentage (%)
1. SiO, 48,47
2. AlLO; 26,05
3. F6203 1 2,54
4, TiO, 0,92
5. CaO 5,18
6. MgO 2,77
7. Cr203 0,02
8. K,O 1,66
9. Na,O 0,47
10. SO, 1,05
11. Mn,0; 0,19

3.2 Compressive strength

The specimens were tested for compressive strength at 28 days. The results is shown in

Figure 2.
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Fig. 2. Influence of curing temperature to the strength.

It is clearly as illustrated in Figure 2 that increasing of curing temperatures improves
mechanical strength. The highest compressive strength is achieved at a temperature of
800C. Increase of strength at elevated temperature is contributed by acceleration of
geopolymerization reaction [1]. Another study explained that the maximum of compressive
strength obtained with the curing temperature of 60-80°C with a duration of 6-12 hours [5].
The increasing of compressive strength due to the formation of the crystal lattice at 20
angle in the mids of 5°-14°. Increasing of curing temperature even increases compressive
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strength of the concrete with GGBTS (Ground granulated Blas Furnace Slag) as
substitution [6]. With the normal curing there were formation of crystall quarts, mullite and
magnetite on the 20 angle in the mids of 28°-35° [7]. In this research, geopolymer-based
fly ash was more appropriate with a mixture of alkaline activators Na,SiO; and NaOH than
only with NaOH or Na,SiO; .However, with the increasing mass ratio of Na,SiO; to NaOH
the increasing of compressive strength relatively small. The highest compressive strength
was achieved at a ratio of Na,SiO3/ NaOH = 2.5, equal to the results of previous study [8].
It seems that contribution of soluble silica from alkaline activator takes part in the
geopolymerization process in improving the ratio of Si to AL It significantly effects to
developing of mechanical properties of concrete [9]. Other study proved that the influence
of curing temperature changed the formation of the crystal [10, 11] , but at longer duration
of curing time causes less impact in the formation of crystals.

3.3 Split tensile strength

The specimens were tested for splitting tensile strength at 28 days. The results are shown in

Figure 3.
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Fig. 3. Influence of curing temperature to the split tensile strength.

lustration in Figure 3 reveals that the effect of curing temperature in split tensile strength
has an equal tendency to the strength. The increasing of temperature curing increases the
split tensile strength as well. The highest split tensile strength was achieved at a
temperature of 80°C. The rising of curing temperature even increases the split tensile
strength for concrete with GGBFS (Ground Granulated Blas Furnace Slag) as substitution
[12]. The highest influence ratio of Na,SiO3/NaOH on split tensile strength was achieved
on the ratio 2.5, similar to the results of previous study [13].
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3.4 Closed porosity

The specimens were measured to obtain closed porosity 28 days. The results are shown in

Figure 4.
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Fig. 4. Influence of curing temperature to the closed porosity.

The influences of increasing curing temperature to the closed porosity have equal
tendency to the results of compressive strength. The increasing of curing temperature
increases the percentage of closed porosity as well.

3.5 Elasticity modulus

The mixtures were tested for determine the modulus of elasticity. The result is provided in

Figure 5.
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Fig. 5. Graph of elasticity modulus for all mixtures.
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Notes: There are two signs on the chart (numbers — letters = x-y) or (numbers — numbers = x-y).
x = are the ratio of Na,SiO3/NaOH, y = are the curing conditions

Due to the limitations of existing equipment, each mixture was analyzed for one
specimen at 28 days. It is not simple to discuss all existing graph. However it can be
explained that increasing temperature of curing promotes the elasticity modulus. The
results were corresponding to the results for compressive strength and split tensile strength.

4 Conclusions

Curing temperature has a significant effect to increase compressive strength and split
tensile strength. The curing temperature enhances the percentage of closed porosity and
Elastic Modulus as well. The maximum ratio of Na,SiO; to NaOH to increase the optimum
mechanical properties is 2.5. In this composition, the increase of compressive strength is up
to 100%, split tensile strength increased up to 56%, and modulus of elasticity increased up
to 53%. At a ratio of Na,SiO; to NaOH = 2 the increase of compressive strength is up to
65%, split tensile strength increased up to 100%, and the increase of modulus of elasticity
was up to 133. For the ratio of Na,Si0; to NaOH = 1.5 the increase of compressive strength
up to 42.5%, the split tensile strength was up to 101%, and the increase of the modulus of
elasticity was up to 51
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