RSU International Research Conference 2022

https://rsucon.rsu.ac.th/proceedings 29 APRIL 2022

The formulation of metakaolin-based aluminosilicate geopolymer for spray coating

Pattarasuda Viensiri, Suthee Wattanasiriwech, Anucha Wannagon, and Darunee Wattanasiriwech”

Department of Materials innovation, School of Science, Mae Fah Luang University,
Chiang Rai, Thailand
*Corresponding author, E-mail: darunee@mfu.ac.th

Abstract

Geopolymer coating was prepared from metakaolin-based aluminosilicate for the formulation of spray. The
effects of Si/Al ratios on the properties of the slurry were investigated using X-ray diffraction measurements (XRD),
Fourier-transform infrared spectroscopy (FTIR), viscometry, and scanning electron microscopes (SEM). The results
showed the geopolymer slurry with Si/Al molar ratios of 1:5, 1:6, and 1:7 had viscosity appropriate for spraying. All the
geopolymer specimens were amorphous phase. The FTIR pattern showed the Si-O-Si bonds from geopolymerization in
all geopolymer specimens. The spray slurry with a Si/Al molar ratio of 1:7 was found to be suitable for coating. The
thickness of the coating layer (3-4 layers) was around 60-80 micrometers.
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1. Introduction

Geopolymer coating, a class of new inorganic coatings, has been investigated and applied to the
surface protection of concrete, steel, and wood structural elements (Jiang et al., 2020). Geopolymer is a
crosslink aluminosilicate structure synthesized by the chemical reaction (geopolymerization) of an
aluminosilicate powder with an alkaline solution. The geopolymer has the potential for protective coatings
for different surfaces including metal and concrete due to their superior mechanical, long-term
performance, and fire resistance properties (Wang et al., 2019).

One of the primary mechanisms of deterioration of reinforced concrete exposed to environments
containing primarily chloride ions and or carbon dioxide is corrosion of reinforcing steel (Aguirre-Guerrero
et al., 2017). Carbon dioxide in the air forms an acid solution in moist environments, which can react with
the hydrated cement paste and tends to neutralize the alkalinity of concrete (This is referred to as the
carbonation process) (Bertolini et al., 2013). Carbonation has a significant impact on the corrosion of
embedded steel. The first effect is that the pH of the pore solution decreases from its normal range of pH 13
to 14 to values close to neutral (Bertolini et al., 2013). Currently, coating materials could be divided into
two types; inorganic and organic treatments (Pan et al., 2017). Coating materials could be divided into two
types; inorganic and organic (Pan et al., 2017). An organic coating is most commonly used due to its good
protective performance. However, there are concerns about limited-service life and instability under UV
radiation. The most common inorganic surface treatment is sodium silicate solution, also known as a water
glass (Pan et al., 2017). To a much smaller extent, potassium silicates, lithium silicates, and fluosilicates
have also been reported to be used as inorganic surface treatments (Pan et al., 2017).

Several coating methods can be used, such as dipping (Temuujin et al., 2010), spraying (Temuujin
et al., 2012), and also painting (Deshmukh et al., 2017). However, by spraying, a strong uniform thickness
of the coating can be controlled and applied to a substrate that is complicated shape. The ease with which
geopolymer can be applied onto substrate surfaces depends on the water content formulation (Sufian et al.,
2018). The rheology and viscosity of slurry that is appropriate for coating are important parameters. The
aim of this research focuses on studying geopolymer coating-based metakaolin by spray technique to
develop the suitable geopolymer formulations for coating on concrete substrates with testing properties of
geopolymer slurry, including viscosity, setting time, and the thickness of the microstructure of the slurry
was investigated.
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2. Objectives
1. To study metakaolin-based geopolymer coating by varying the molar ratio of Si/Al from 1.0-
2.0 and Na/Al = 1, then selection of slurry conditions as appropriate for spray coating.
2. To study the appropriate thickness of geopolymer slurry for spray coating on concrete.

3. Materials and Methods
3.1 Materials

The aluminosilicate source used was metakaolin (Chemius Korea, Korea), calcined at 1000°C for
1h. The analysis of the chemical compositions using an X-ray fluorescence (XRF) technique is presented in
Table 1. Alkali activator is a combination of sodium hydroxide (NaOH) and sodium silicate (Na,SiOs).
NaOH pellets using AR grade which was supplied by QReC, New Zealand (99% purity) while Na,SiOs is
available commercially in solution form with the chemical composition of Na,O is 16.50%, SiO; is 35.25%
and H,0 is 48.25% were acquired from C. THAI CHEMICLS CO., LTD. Concrete substrate was cement
mortar for slurry coating, cement mortar used consists of 1 part cement and 2.75 parts of sand proportioned
by mass according to ASTM C109 (ASTM C109/C109M-02, 2020).

Table 1 Chemical composition of the metakaolin and sodium silicate.

Materials S|02 Aleg Fe,O4 T|02 CaO Na,O K,O H,O
Metakaolin 52.1 45.3 0.60 1.64 0.05 0.21 0.16 -
Sodium 35.25 . - - - 16.50 . 48.25
silicate

3.2 Geopolymer spray preparation

The geopolymer spray was mainly prepared from metakaolin and alkali activator (sodium
hydroxide (4 Molar) and sodium silicate). The Na/Al was fixed at 1 and Si/Al molar ratios were given in
Table 2. Prior to use, the alkali activators, Na,SiO; and NaOH, were mixed. The mixed activator was
poured into a beaker containing metakaolin, and the mixture was mixed for 2 minutes with a mixer to
ensure that the slurry was well mixed. The slurry was sprayed on a concrete substrate with a dimension of
15x15 cm used by a spray gun. The coating interval between each layer was 3 minutes and the coating was
5 layers.

Table 2 Geopolymer slurry coating composition.

Codes M1:0 M1:1 M1:2 M1:3 M1:4 M1:5 M1:6 M1:7 M1:8 M1:9 M2:0

Si/Al 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

Na/Al 1 1 1 1 1 1 1 1 1 1 1

3.3 Characterization

Phase compositions of the metakaolin and geopolymer slurry were investigated using X-ray
diffraction (XRD, PANalytical, X pertPro). Fourier Transform Infrared (FTIR, Thermo scientific/Nicolet
is50) with a scanning range from 400 to 4000 cm-1 by geopolymer slurry was performed into powder and
then mixed with potassium bromide (KBr). The thickness of the coating was determined using an optical
microscope. The morphology of metakaolin particles in Figure 1. and geopolymer slurry was observed
using a Scanning Electron Microscope (SEM, Tescan MIRA4). Before being characterized with the SEM
method, the geopolymer coating specimens were molded with epoxy resin.

The setting time of geopolymer was measured following ASTM C191 (ASTM C191, 2008) using
the Vicat needle. The geopolymer was poured into a PVC cylindrical mold, and then the initial and final
setting times were determined. The viscosity of the slurry was measured following ASTM D2487 (ASTM
D 4287-00, 2019) using a viscosity meter.
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Figure 1 SEM showed morphology of metakaolin particles.

4. Results and Discussion
4.1 Viscosity and setting time
The result of the setting time of the geopolymer coating is shown in Figure 2.

3500
3000
2500 -
0
z 2000
-~
E 1500 1
=
1000 4

daumunll

ToM0 [ Mt [ M2 | M3 | Mi4 [ MES [ M1:6 | M1:7 | M1:8 | M1:9
= Initial time| 1020 | 780 600 480 180 165 255 285 450 1010
® Final time | 3000 | 2340 | 1920 | 1260 | 480 360 330 360 530 1200
Specimens

Figure 2 The setteing time of geopolymer slurry.

It shows the decreasing trend of each specimen as the Si/Al ratio was increased from M1:0, M1:1,
M1:2, M1:3, M1:4, M1:5, and M1:6. Further increased Si/Al ratio in M1:7, M1:8, and M1:9, viscosity was
increased again. However, with the specimen with the Si/Al = 2 (M2:0), the mixing was unsuccessful
because the Na* ion from sodium hydroxide was insufficient to dissolve metakaolin.

The viscosity testing was recorded at 5 min after mixing the raw materials for 2 min. The result is
shown in Figure 3. It had the same trend as setting time (final setting time). The viscosity of the slurry had
sharply as the Si/Al ratio was increased in the period from M1:5 - M1:7 because in this region the
geopolymerization and setting occur quickly. The viscosity of the slurry for spray coating should not exceed
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1 Pa-s according to the standard of ASTM D4287. Our M1:5, M1:6, and M1:7 recipes thus passed this
standard. After M1:8 and M1:9, there was increased viscosity due to an increase in the Si/Al molar ratio.
Because the increase in sodium silicate caused increased viscosity and sodium hydroxide decreased, it was
insufficient to dissolve metakaolin.
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Figure 3 The viscosity and setting time of geopolymer coating.
4.2 XRD result

Phase identification of metakaolin (MK) and geopolymers spray slurry with Si/Al ratios of 1.5
(M1:5), 1.6 (M1:6), and 1.7 (M1:7) is shown in Figure 4.
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Figure 4 XRD patterns for each condition of geopolymer coating
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It was noted that MK showed a typical amorphous phase with the existence of anatase at 25.3°
and quartz at 26.6°. When the Si/Al ratio had increased, the amorphous phase observed in M 1:5, M 1:6,
and M 1:7 was exposed clearly. It shows that when the Si/Al ratio increased, geopolymers displayed
varying degrees of geopolymerization, which would be discussed using FTIR analysis.

4.3 FTIR analysis
The FTIR results of specimens are shown in Figure 5.
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Figure 5 FTIR spectra of geopolymer coating of each condition.

The metakaolin (MK) showed several peaks centered at 3,462, 1,647, 1,104, 818, and 471 cm™,
The broad peak at (1 3,462 cm™ and a weak peak at [0 1,647 cm™ are due to the stretching vibrations of O-
H bonds and H-O-H bending vibrations of interlayer adsorbed H,O molecule, respectively (Kumar et al.,
2015). The main peaks of metakaolin are at 1,104, 818, and 471 cm™, corresponding to the asymmetrical
stretching vibration of Si-O-Si bonds, stretching vibrations of the Si-O-Al, and bending vibration of Si-O,
respectively (Gao et al., 2020). After geopolymerization, the typical peak related to the asymmetrical
stretching vibration of Si—-O-T (T was Si or Al) bonds at 1,388-1,393 cm™(Irfan Khan et al., 2014) and
1,012-1,015 cm™ in metakaolin shifted to lower frequencies (M1:5, M1:6, and M1:7 specimens) (He et al.,
2016);(Mao et al., 2020). During the geopolymerization reaction, there was a noticeable change in the
functional groups of both Al and Si, resulting in the production of new products with a different chemical
environment than metakaolin (He et al., 2016). Therefore, the peaks at 703-719 cm™ are symmetrical
stretching vibration of Si-O bonds, the peaks at 591-595 cm™ are bending vibration of Si-O-Al and the
peaks at 442-444 cm™ are bending vibration of Si-O (He et al., 2016).
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4.4 The coating
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Figure 6 The surface after each coating layer using M1:7 spray slurry; a) 1 layer, b) 2 layers, c) 3 layers, d) 4 layers
and e) 5 layers; the graph shows the thickness of coating at various layers

Thickness (1)

From the experiment, the slurry of M1:5, M1:6, and M1:7 was spray coated on the concrete
substrate. Coatings with M1:5 and M1:6 had cracking across the coating surface after drying. Due to drying
shrinkage as the slurries had higher water contents. The M1:7 specimen had some cracks around the edges.
This had the least cracks due to the lower drying shrinkage. In M1:5 and M1:6, there was more sodium
hydroxide in the slurry than in the M1:7 specimen. The M1:7 formulation was then selected for further
investigation of the thickness of coating layers. The surface of each layer is shown in Figure 6. After the
first coating, there were areas of non-uniform thickness due to insufficient coating Figure 6 (a). After the
second and third coatings, the surface becomes smoother with a coating thickness of around 58.43 and
63.51 pum, respectively. No visible crack on the surface due to sufficient to coating Figure 6 (b and c). After
the fourth coating, a few wrinkles were observed with a thickness of around 82.88 um, the layer had no
cracks on the surface Figure 6 (d). After the fifth coating, obvious cracks were observed with a thickness of
around 98.82 um Figure 6 (e). The morphology of the geopolymer coating layer is shown cross-section in
Figure 7. The bonding interface between the geopolymer slurry and the concrete substrate was complex and
tightly bound.
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Figure 7 SEM morphology of cross-section of geopolymer slurry; a) 1 layer, b) 2 layers, c) 3 layers, d) 4 layers and
e) 5 layers and f) the interface between the geopolymer slurry and the concrete substrate.
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5. Conclusion
The formulation of geopolymer for spray coating with different Si/Al ratios was prepared by
mixing alkaline silicate solution and metakaolin. Effects of Si/Al ratio on the viscosity, structure, and
mechanical properties. The main conclusions could be drawn as below:
1. The appropriate viscosity of the slurry for spray coating according to ASTM following was at
Si/Al of 1:5, 1:6, and 1:7.
2. All the geopolymers coating showed an amorphous phase with the functional group of
asymmetrical stretching vibration of Si-O-T bonds.
3. The thickness of the coating layer is appropriate around 3-4 layers with a thickness of around
60-80 um.
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