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Characterization of Geopolymer Materials based
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ABSTRACT

Palm ash and solid wastes of hydrogen peroxide process have been used to synthesize
geopolymer from the combination with meakaolin and NaOH/NaSiO, base activator. The study
confirmed the good strength material produced here. The compressive strength could be
decreased by 22-6% depending on the amount of metakaolin replaced. The morphology of
geopolymer products have been characterized by scanning scanning electron microscopy (SEM).
Fourier transform infrared spectroscopy confirmed that the geopolymer structures created under

ambient temperature.
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Introduction

Geopolymer is an inorganic polymer which is out of interest due to their impressive
compressive strength and ease to make. It can be synthesized from the combination of
aluminosilicate and alkaline activator. The reaction occurs under curing at room temperature.
It could produce Poly(sialate), Poly(sialate-siloxo) or Poly(sialate-disoloxo) as the product
depending on the ratio of silica/alumina presented [1-6]. The previous works have shown that
the compressive strength of the geopolymers could be varied from 70-100 MPa. There are
various factors affecting the properties of the materials including the SiO, and AlO, ratio
obtained from raw materials, type and amount of the alkaline activator, and curing time [7-11].
The elastic modulus, compressive strength, or material properties could also be improved by
adding some additive or use different types of ash-binder [12-15].

Some research groups have focus on producing geopolymer containing the industrial
wastes [16-17]. These works are of interest recently because it is a way to add value to the
unwanted materials. Ash is an agriculture waste material commonly found in South East Asia.
Palm ash is the waste produced from the palm fields or palm oil industry. The agricultures are
trying to get rid of the palm tree by burning once they are out of age to produce palm oil.
Most of the wastes have been deposited to the ground and produced the bad impact to the
environment. Some studies have tried to add-value to the ash by using them in many applications
[18-20].

Palm ash is an interesting material in term of the chemical composition which is rich
in Si. It might be best to combine with metakaolin which is rich Si and Al to act as starting
substances in geopolymer material. It has been draw our attention to identify the best ratio of
palm ash to metakaolin which could produce a desirable strength geopolymer [21]. The present
study is attempted to investigate the physical and chemical properties of the geopolymer
materials synthesized from the combination of palm ash and solid waste of hydrogen peroxide
process incorporating with metakaolin and alkaline activator. The surface morphology of
the materials would be identified by Scanning electron microscopy (SEM). The chemical

compositions were characterized by Fourier transform infrared spectroscopy (FTIR).

Materials and Methods

Metakaolin and palm ash were provided from Naratiwat province and Suratthanee
province, Thailand. Before using as the source materials, metakaolin was heated to the temperature
of 750°C for 3 hours and both of the metakaolin and palm ash were ground with abrasive

machine to bring the average particle size to 13.97 um, 54.01 um, respectively. The solid waste
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of hydrogen peroxide process has been characterized before used which found that the waste
were rich in alumina. The particle size of the alumina waste is less than 637.20 pm.
The chemical compositions of the metakaolin, palm ash and alumina waste have been characterized
by XRF as the results shown in Table 1.

The geopolymer materials were synthesized with different composition of the Si-Al
based mixture of metakaolin, palm ash, and/or alumina waste (Si-Al based materials) and
alkaline liquid. The ratio of metakaolin: palm ash: alumina waste were chosen in 5 different mass
ratios from 100:0:0 to 60:20:20 (Table 2). The alkaline solutions were prepared from the
mixture of sodium hydroxide aqueous solution (concentration range from 5-15 molar) with solid
sodium silicate, NaSiO, (purchase from Sigma-Aldish) at a certain amount. Then the mixture of
the alkaline solutions was added to the Si-Al based materials. The paste was stirred to obtain
homogeneous mixture and purred into 5 cm x 5 cm x 5 cm plastic mold. They were pressed and
vibrated to avoid the air bubbles. The cube samples were left at room temperature for 1 hour
before curing at 70°C in the oven for 24 hours. The samples were stored at room temperature
under dry condition before determined the physical and chemical properties.

The surface morphologies of the geopolymer samples were classified by Scanning
electron microscope (SEM) with FEI Quanta 400. The structural studies of the geopolymer were
characterized by the Fourier transform infrared spectroscopy (FTIR) which performed in a range
of 400-4000 cm™. The samples were suspended in KBr disks (1% wt). FTIR spectra were

obtained using a Perkin-Elmer 2000 spectrometer.

Results

The chemical compositions of the metakaolin, palm ash and alumina waste were
determined using XRF as shown in Table 1. The metakaolin used in this study has 48.08% SiO,
and 37.20% Al,O,. Palm ash has 45.88% SiO, and alumina waste has 77.93% Al,O; as the

main compositions.

Table 1 The chemical compositions of metakaolin, palm ash and alumina waste.

reactant Concentration (% wt)

8. A0, MeO PO, Fe0, KO . Ci0
Metakaolin 48.08 37.20 - - 1.19 1.97 -
Palm ash 45.88 0.64 2.92 6.13 1.90 10.34 14.78

Alumina waste 0.09 77.93 - 0.34 - - -
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The compressive strengths for all geopolymer samples were tested at the period of
1,7, 14, and 28 days after curing (the results are not shown here). The compressive strength is
increasing dramatically as the time of curing increase and produced the high strength at the
curing time 7 day (Table 2). Then it has small increasing after left the samples for 14 and 28
days. The increase strength is very close to hardening process of cement. However, product of
cement is CaCO; while geopolymer is aluminosilicate. The study showed that the samples
produced by using 15 M NaOH have highest compressive strengths for all composition. A higher
concentration of NaOH favors the better compressive strength. The sample with 100%w metakaolin
has the best strength at 98.75 MPa.

Table 2 The compressive strength at 7 days of curing time for geopolymer materials
synthesized from different percent composition. The Si-Al based mixtures were mixed

with base solution with the ratio of Na,Si,0,/NaOH equal to 2.5%wt.

Composition (%) Compressive strength (MPa)
Metakaolin Palm ash Alumina 5M 10 M 15 M
waste NaOH(aq) NaOH(aq) NaOH(aq)

100 - - 47.14 77.00 98.75

80 20 0 36.75 46.6 61.81

80 10 10 30.65 43.87 53.71

60 40 0 15.96 18.00 23.12

60 20 20 15.27 19.39 31.59

When adding the palm ash into the sample the strength is decreasing. The chemical
compositions of Al,O, presented in the metakaolin and palm ash are 37.20, and 0.64%
respectively. The greater the percentage of Al,O, present, the better the reactants to produce
geopolymer. The studies have also shown that the compressive strength is decreasing once
adding alumina waste instead of the palm ash into the sample. It might be the particle size
(as shown in Table 1) of the alumina waste used here are much greater than those of the
metakaolin and palm ash. Thus the strength of the samples would depend on the chemical

composition of the silica and alumina, and particle size of the raw materials.
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The microstructures of the geopolymer surface were determined from SEM study.
Figure 1 represent the morphology of the three geopolymer materials which prepared from the
ratios of metakaolin: palm ash: alumina wastes are 100:0:0, 80:20:0 and 80:10:10. The texture
of the samples at 80:20:0 and 80:10:10 ratios were denser than at 100:0:0. With regard to the

addition of palm ash or alumina wastes, the dense matrices are produced.

(a) 100:0:0 (b) 80:20:0

Figure 1 Morphology of the geopolymer samples produced from (a) 100% metakaolin (100:0:0);
(b) 80% metakaolin and 20% palm ash (80:20:0); and (c¢) 80% metakaolin, 10%
palm ash and 10% alumina waste (80:10:10) with Na,Si,O,/NaOH (15 M) after

curing for 7 days.
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The IR spectra of original material (metakaolin) and geopolymer samples were repre-
sented in Figure 2. FTIR spectra of the samples adding palm ash or alumina waste are similar.
The IR results indicated that the geopolymer formations are occurred in all compositions.
The appearances of a small band at 704 cm™! are observed. Here is the behavior of the Al and
Si on polymerization. The band is absent in the metakaolin raw material. These changes of
the geopolymer IR bands are similar to the previous studies [22-23]. The metakaolin starting
material represents the IR bands at 1136 cm™! due to Si-O stretching vibration has been shifted
to smaller wave number (990-1050 cm™!) compared to the geopolymer IR spectra. The weaker
bands at 3464 cm™ and 1652 cm™! refer to the adsorbed moisture presented in the geopolymer
samples. The presence of COS'“L due to the atmospheric carbonation during drying is indicated

at the wave number 1428 cm™ [24].

Metakaolin
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Figure 2 FTIR spectra of (a) metakaolin and three different composition geopolymers:
(b) 100% metakaolin (3-15G) (c) 80% metakaolin and 20% palm ash (8-15G); and
(d) 80% metakaolin, 10% palm ash and 10% alumina waste geopolymers (14-15G).
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Conclusion and Discussion

The mixture of meakaolin, palm ash and alumina waste with alkaline activator could
produce geopolymer materials. FTIR spectra showed the formation a network of Si-Al in geopolymer
structure. The compressive strengths were decreased by 22-76% depending on the amount of
metakaolin replaced. More palm ash and alumina waste in the mixture lead to lower strength.

However the addition of palm ash or alumina wastes would produce the dense matrices.
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