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Highlight:

v Geopolymer concrete was successfully prepared using coral sand and
seawater, achieving a compressive strength of up to 74.9 MPa.
v Increasing slag content (FA/BFS from 70/30 to 30/70) enhanced
compressive strength from 47.7 to 74.9 MPa.
v' Coral sand and seawater are viable, sustainable alternatives for
geopolymer concrete.

Abstract:

Geopolymer concrete is an eco-friendly material that possesses properties
comparable to those of traditional Portland cement concrete. This study aimed to explore
how the ratio of fly ash to blast furnace slag impacts the mechanical properties of
geopolymer concrete using coral sand and seawater. Fly ash and blast furnace slag were
used as binders alongside alkaline activators such as liquid glass and sodium hydroxide
solution. The characteristics were assessed based on measurements of bulk density, water
absorption, workability, compressive strength, and flexural strength. The compressive
and flexural strengths of the samples increased gradually with the rising ratio of fly ash
to blast furnace slag. Moreover, no significant differences were observed when
comparing geopolymer concrete's flexural and compressive strengths using coral sand
and seawater with those using river sand and freshwater. On the other hand, the FTIR
analysis results indicate that the characteristic Si-O-Si(Al) bond of the geopolymerization
reaction in the wavenumber range 950 to 1005 cm™ is present in both types of concrete,
with no significant difference observed. These findings suggest that river sand and
freshwater in geopolymer concrete production can replace coral sand and seawater for
geopolymer concrete.
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1. INTRODUCTION

Can sea sand and seawater be used to make concrete in special cases, such as
offshore islands, where transporting materials is difficult? This has been a topic of recent
research and has shown promising results. Various methodologies for incorporating sea
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sand and seawater into concrete production have been extensively researched, specifically
applying geopolymer concrete [1-4]. Many studies utilize coastal sand, which contains
silica as the main component, as a substitute for river sand. However, in areas outside of
islands, coral sand is primarily used, which consists mainly of CaCO3 along with a small
portion of halite crystal phase (rock salt). Hence, studying coral sand as a fine aggregate
in geopolymer concrete is crucial. Moreover, utilizing geopolymer concrete also aids in
decreasing CO» emissions in comparison to traditional cement concrete [5]. Given the
current focus on sustainable development research and the objective of reducing CO-
emissions, it is imperative the transition to geopolymer concrete.

Unlike traditional cement concrete, in geopolymers produced through alkali
activation, the C-S-H gel observed in traditional Portland cement is replaced by N-A-S-
H or C-A-S-H gel [6,7]. As a result, the SO4* and Mg** ions in marine materials do not
have the conditions necessary to form gypsum (CaS04.2H>0), ettringite
(3Ca0.A1,05.3CaS04.32H»0), or brucite (Mg(OH)z2) in geopolymer concrete [8-10]. This
is why harmful ions (Cl-, SO4*, Mg*") in marine materials have little impact on
geopolymer concrete's mechanical properties.

Geopolymers, derived from aluminosilicate materials such as fly ash, kaolin, silica
fume, and blast furnace slag, are commonly employed as binding agents in highly alkaline
environments, typically in conjunction with liquid glass or sodium hydroxide. When
aluminosilicate hydrates are heated, the OH ions break apart to form water, and this starts
the process of creating Si-O-Al bonds [11]. This reaction occurs when solid
aluminosilicate oxides are exposed to alkali metal silicate solutions in highly alkaline
conditions and moderate temperatures. The result is the formation of amorphous, semi-
crystalline polymeric structures that contain Si-O-Al and Si-O-Si bonds. This reaction
occurs when solid aluminosilicate oxides are exposed to alkali metal silicate solutions in
highly alkaline conditions and moderate temperatures. The result is the formation of
amorphous, semi-crystalline polymeric structures that contain Si-O-Al and Si-O-Si
bonds. Additionally, the Si/Al ratios in the structure of binders used in the mixture also
impact the bonding structure. [12,13]. Appropriately combined, these materials yield
concrete products characterized by high compressive strength [14-17].

In this study, investigated the impact of fly ash and blast furnace slag on the physical
and mechanical properties of geopolymer concrete using coral sand and seawater.

2. EXPERIMENT
2.1. Materials

- Fly ash was obtained from a Van Phong 1 BOT Thermal Power Plant in the Van
Phong Industrial Park in Khanh Hoa. Table 1 presents some of the parameters of the fly ash.

- Blast furnace slag S95 was obtained from Hoa Phat Group. Some parameters of
fly ash are provided in Table 1.

- A 12M sodium hydroxide (NaOH) solution was prepared by dissolving 99% solid
NaOH from Vietnam in water.
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- The liquid glass solution was manufactured in Vietnam with a silicon modulus of
about 2.5.

- Coral sand was sourced from offshore Truong Sa islands in Vietnam. The
chemical composition of coral sand is detailed in Table 1.

Table 1. Parameters of fly ash,blast furnace slag S95 and coral sand

Parameters Fly ash Bl:ls:gﬁ;rggce Coral sand
Bulk density, g/cm’ 2.35 2.86 -
Specific su;face 5.8 591 i
area, cm-/g
Si02, % 65.34 33.92 1.28
ALOs, % 25.49 10.45 0.067
Fe 03, % 3.67 0.39 0.066
Ca0, % 1.61 40.6 51.52
MgO, % 0.6 6.55 2.32
Ti02, % 0.34 0.43 -
SOs, % 0.21 0.04 0.37
K20, % 0.39 0.71 0.07
Na,O 0.48 0.4 0.33
MnO, % 0.03 - -
P20s, % 0.073 - -
Cl', % - - 0.011
LOI 0.94 0.12 42.9

- Superplasticizer SR 5000F by SilkRoad.
- Seawater with parameters as indicated in Table 2

Table 2. Parameters of seawater.

Salinity, Mg**, Ca’", Na?*, Crl,
9 pH
%0 ppm ppm ppm ppm
33,1 8,3 1210 389 11036 18512
2.2. Research Methods
2.2.1 Mix design

The material proportions in this study were determined based on previous research
on geopolymer concrete that used river sand and freshwater [14-17]. Table 3 shows the
mix proportions for various mass ratios of fly ash to blast furnace slag in one batch. This
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study's components, such as coral sand, seawater, and alkaline activation solution,
remained constant.

The activated alkaline solution was created by combining a liquid glass solution
with a 12 M NaOH solution in a 2.5:1 mass ratio.

In addition, sample GR-01 uses river sand and freshwater at the same ratio as
sample GS-01 to evaluate the use of coral sand and seawater in geopolymer concrete.

After being shaped, the concrete samples were kept in the mould for 48 hours. Store
samples at a temperature of approximately 27°C + 2°C and a humidity of around 95% +
5% throughout the process.

Table 3. Mixing ratio of concrete samples

Fly ash | Total mass
to blast | of fly ash fly Blast Al!(ali.ne Coral | Sea | Superp
Name furnace | and blast ash, furnace actlva'tlon sand, |water, |lasticizer,
slag furnace X slag, solution, K K K
mass slag, g kg kg g g g
ratio, kg kg
52.5 16
GR-1 70/30 35 24.5 10.5 10.5 (River | (Fresh 0.35
sand) | water)
GS-1 70/30 35 24.5 10.5 10.5 52.5 16 0.35
GS-2 60/40 35 21.0 14.0 10.5 52.5 16 0.35
GS-3 50/50 35 17.5 17.5 10.5 52.5 16 0.35
GS-4 40/60 35 14.0 | 21.0 10.5 52.5 16 0.35
GS-5 30/70 35 10.5 | 24.5 10.5 52.5 16 0.35

2.2.2 Testing and Analytical Methods

- The particle size distribution was determined according to the TCVN 7572-2:2006
standard. A standard set of sieves with sizes of 0.14 mm, 0.315 mm, 0.63 mm, 1.25 mm,
2.5 mm, and 5 mm was used.

- The workability of the geopolymer concrete mixture was evaluated according to
the TCVN 3106:2022 standard using a truncated cone measuring (100 x 200 x 300) mm.

- The density of the geopolymer concrete mixture was measured using a 1-litre
standard container by TCVN 3108:2022. The density of the hardened sample was
determined in line with TCVN 3115:2022.

- The concrete sample was inspected for water absorption according to TCVN
3113:2022, using samples of (100 x 100 x 100) mm in the dry state.

- The flexural strength was evaluated using TCVN 3121-11:2003 with a sample
size of (40 x 40 x 160) mm. The compressive strength using a sample size of (40 x 40 x
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40) mm. The test was conducted using an automated hydraulic compression system,
TYA-2000. Figure 1 shows the experimental samples.

- Determine the chemical structure by FTIR from 600 to 4000 cm™ at a resolution
of 16 cm™! for 32 scans (Cary 630 FTIR Spectrometer)

Figure 1. Samples of compressive and flexural strength tests
3. RESULTS AND DISCUSSION

3.1. Specifications of coral sand

Figure 2 shows the X-ray diffraction (XRD) spectrum of coral sand, which indicates
that it mainly consists of CaCO3, with a small amount of halite crystals present. This
aligns with the details given in Table 1.

* 0 NaCl

Intensity, a.u

10 20 30 40 50 60 70
2 theta, °©

Figure 2. XRD spectrum of coral sand

The size distribution of coral sand compared to river sand used for concrete is
shown in Figure 3. The results show that the particle size distribution of coral sand is
similar to that of river sand. Additionally, the specific gravity and bulk density of coral
sand are approximately 11% and 17% lighter than river sand, respectively.
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Figure 3. (a) Particle size distribution, (b) specific gravity and bulk density

3.2. Physical properties of geopolymer concrete using coral sand and seawater

The workability of the fresh concrete mixture was evaluated using the flow
parameter. Figure 4a shows how the flow of fresh concrete mixture was impacted by the
mass ratio of fly ash to blast furnace slag. The flow decreased as the fly ash to blast
furnace slag ratio decreased from 70/30 to 30/70. Specifically, The flow of the fresh
concrete mixture decreased from 62.4 cm to 51.1 cm. This decrease occurred because the
CaO content increased as the blast furnace slag content increased from 30% to 70%. As
a result, there was a decrease in the amount of residual water after dissolving Ca*" in the
blast furnace slag, leading to a gradual decrease in the flow of the fresh concrete mixture
after mixing. In addition, because this is a concrete mixture without coarse aggregate, the
addition of a superplasticizer results in a concrete mixture with good workability, high
plasticity, great uniformity, and no separation between components.

Coral sand has rougher surfaces and higher porosity, resulting in greater water
absorption than river sand. As a result, the flow of the GS-1 sample is lower than that of
the GR-1 sample (Figure 4a).

The density of the geopolymer concrete mixture from coral sand and seawater
increased as the mass ratio of fly ash to blast furnace slag decreased, as shown in Figure
4b. The absence of coarse aggregate in GS concrete, coupled with the lower specific
gravity of fly ash compared to blast furnace slag in the concrete mixture, accounts for this
phenomenon. The density of the GS fresh concrete mixture ranges from 2019 kg/m? to
2058 kg/m?, and for GS concrete at 28 days, it ranges from 2010 kg/m? to 2051 kg/m?.
The density of the GS sample is lower than that of the GR concrete sample that uses river
sand due to the lower specific gravity of coral sand compared to river sand.
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Figure 4. (a) Flow of fresh concrete mixture, (b) The density of concrete

Figure 5 illustrates the water absorption of the samples. The results indicate that
using coral sand and seawater leads to increased water absorption. Cl” ions from coral
sand and seawater do not react and remain inside the samples, causing local internal
damage, increasing porosity and leading to increased water absorption. Elevating the blast
furnace slag content in GS samples results in the formation of a greater quantity of
calcium-rich gels, such as C-A-S-H, during the solidification process. This facilitates the
filling of pores and leads to a denser structure. Consequently, the water absorption of GS
samples diminishes with an escalation in blast furnace slag content.
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Figure 5. Water absorption of concrete samples

In Figure 6, it is evident that modifying the mass ratio of fly ash and blast furnace
slag significantly influences the compressive and flexural strengths of GS concrete.
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Figure 6. (a) Compressive strength, (b) Flexural strength

It was observed that, following 28 days, the compressive and flexural strengths of
the concrete improved with an increased mass of blast furnace slag. Specifically, the
compressive strength of samples GS-1, GS-2, GS-3, GS-4, and GS-5 at 28 days was as
follows: 47.7 MPa, 54.4 MPa, 66.1 MPa, 70.3 MPa, and 74.9 MPa, respectively. The
flexural strength of samples GS-1, GS-2, GS-3, GS-4, and GS-5 at 28 days was as follows:
4.53 MPa, 5.34 MPa, 5.97 MPa, 6.45 MPa, and 7.14 MPa, respectively. The presence of
Ca0.xSi02 in blast furnace slag causes a reaction with water, leading to the creation of a
hydraulic effect that forms calcium-silicate (xCaQ.ySiO>.zH»O). This process enhances
the strength of geopolymer concrete. As the content of blast furnace slag increases, the
amount of CaO dissolved in the activated alkaline solution also increases, resulting in the
formation of C-A-S-H gels. These products aid in binding the separate aggregate
components together, creating a solid structure and enhancing the strength of the concrete.

The comparison of the strength of GS-1 and GR-1 samples indicates that using
coral sand and seawater instead of river sand and freshwater accelerates the achievement
of compressive strength in concrete at 3 days old. This is due to the higher porosity of
coral sand than river sand, which results in better water retention during casting and
improved water release during hardening. Additionally, this process contributes to
internal vulcanization, ultimately benefiting the increase in the compressive strength of
the concrete. Moreover, the presence of Cl” ion in seawater also helps to speed up the
hydration process of concrete, leading to early solidification. The compressive and
flexural strengths of the GR-1 specimen were approximately 2% higher at 28 days. This
increase may be attributed to the higher porosity of coral sand, resulting in lower stiffness
than river sand, as well as the presence of unreacted Cl~ from sea sand and seawater.
However, the strength difference between the GS-1 and GR-1 specimens was
insignificant. This was further confirmed by FTIR spectrum analysis (Figure 7). The
results showed that the characteristic Si-O-Si(Al) bonds of the gel polymerization
reaction wavenumber range of 950 cm™ to 1005 cm™ appeared in both GS-1 and GR-1
samples. The Si-O-Si(Al) bonds slightly shifted to higher wave numbers in geopolymer
concrete using coral sand and seawater, indicating a slight decrease in cross-linked
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aluminosilicate gel [18]. Therefore, the compressive strength of geopolymer concrete
using coral sand and seawater is slightly reduced compared to river sand and freshwater.
In addition, the FTIR spectrum also confirmed that the COs* functional group has
superior strength in the concrete sample using coral sand because the main component of
coral sand is CaCO3. Based on the results above, using coral sand and seawater instead
of river sand and freshwater in geopolymer concrete appears to be a viable alternative.
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Figure 7. FTIR spectra of GS-1 and GR-1 samples

Figure 8a shows the ratio of the compressive strength of the sample over time
compared to that at 28 days. The results show that the compressive strength at 3, 7 and
14 days respectively reached about (30 + 38)%; (64 + 71)%; (81 + 91)% for GS samples;
for GR-1 samples it reached about 25%; 68%; 82%. Furthermore, the ratio of compressive
strength to flexural strength of GS samples fluctuated around 9 + 12, which was similar
to that of GR-1 sample (Figure 8b).
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Figure 8. (a) The ratio of compressive strength at different times to that at 28 days, (b)
The ratio of compressive strength to flexural strength over time.
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4. CONCLUSIONS

This study demonstrated the possibility of using coral sand as a fine aggregate and
seawater to produce geopolymer concrete. Geopolymer concrete utilizing coral sand and
seawater exhibits lower flow and water absorption than concrete with river sand and
freshwater. In comparing the two types of concrete, there appears to be no significant
difference in compressive and flexural strength. Initial evaluation using FTIR spectra
indicated similar bonding properties in the gel polymerization reaction for geopolymer
concrete using coral sand, seawater, and geopolymer concrete using river sand and
freshwater. However, regarding geopolymer concrete using coral sand and seawater, a
decrease in the fly ash/blast furnace slag ratio from 70/30 to 30/70 results in reduced flow
and water absorption. This decrease is due to more calcium-rich gels, such as C-A-S-H,
forming during curing. Notably, the compressive strength increases by approximately
57%, the flexural strength increases by around 42%, and the compressive strength to
flexural strength ratio falls within the range of 9 to 12. As well as, the compressive
strength of geopolymer concrete using coral sand and seawater at the ages of 3, 7, and 14
days was approximately 30+38%, 64+71%, and 81+91%, respectively, compared to the
compressive strength at 28 days.
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