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Abstract. This research studies the utilization of alumina waste and silica waste for
geopolymer production. Alumina waste was obtained from aluminium thermal metallurgy
industry, silica waste was obtained from silicone recycle industry in Thailand. This present
study aimed at investigating the basic physical and chemical properties of waste materials
and also the optimal proportion in geopolymer production. The results revealed that
alumina waste contained 48 percent of aluminium oxide, 4.18 percent of Silicon dioxide
and average particle size is 36 micrometers. Silica waste contained 71.3 percent of Silicon
dioxide and average particle size is 49 micrometers. The leaching tests of heavy metals also
indicated that the level of all heavy metals concentration were over the standard set by the
Ministry of Industry, Thailand which means both alumina and silica waste were
considering as hazardous waste. In geopolymer production, the mortar was cast in 5x5x5
centimeters cubic shape for both methods with cured temperature at 60 degree celsius.
Compressive strength was tested at 1, 7, 14 and 28 days. The results revealed that the best
Si02:A1203 ratio must be 3:1 mixed by alumina waste 46 g. and silica waste 24 g. with 10
ml of sodium hydroxide and 20 ml of sodium silicate. This proportion gain the highest
compressive strength for 262.8 kg/cm?2 at 28 days of curing which over the standard for
hollow load-bearing concrete masonry units (TIS57-2530) and costs 4.03 THB/mortar.
The leaching tests were estimated again after the production of geopolymer. The results
indicated that the concentration of all heavy metals was within the standard set by the
Ministry of Industry, Thailand. Therefore the production of geopolymer mortar from
alumina waste and silica waste were not considering as hazardous waste.
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1. Introduction

Portland cement-based products are the world’s most commonly used building materials. In the making of
Otdinary Portland Cement (OPC), for manufacturing of 1 ton of cement calls for 1.7 tons of prime
materials and involves the emission of 0.8 tons of carbon dioxide into the atmosphere [5]. Cement
manufacturing industry is estimated to account for around 6-7 % of entire global carbon dioxide emissions
and also consume enormous amount of rock extraction for quarried and minerals that may lead to deplete
at one point of time [9]. To keep the global environmental safe from the consequence of cement
production, it is important to explore the alternative materials that can completely or partially eliminate the
use of cement in concrete and cause no environmental destruction. In recent time, to lower the
environmental impact due to cement manufacturing, a new binding material is made from an
aluminosilicate precursor activated in high alkaline solution [8]. This binding agent is known as geopolymer
cement. Alumina waste obtained from aluminium thermal metallurgy plant and silica waste from silicone
recycle industry were used as the raw material of the geopolymer production. These 2 types of waste were
generally disposed by stabilization method and dumped into the security landfill. The aim of this research is
to take an advantage of their properties, due to silica and alumina are the main element consisted in their
composition which are the most important element to generate the aluminosilicate gel in geopolymerization
process and to study the method of the utilization of alumina and silica waste in order to avoid the waste
disposal cost. In forming of the alumino-silicate bonds, sodium hydroxide and sodium silicate the alkaline
activated solution required to activate the source materials alumina waste and silica waste. In addition, the
geopolymer production can reduce the contaminant leachability by both physical (adsorption or
encapsulation) and chemical (fixation) means to convert the hazardous waste into an environmentally
acceptable waste form for land disposal or construction use [3].

2. Materials and Methods
2.1. Materials and preparation

The raw materials were alumina waste and silica waste, illustrated in Fig 1. Alumina waste was obtained
from aluminium thermal metallurgy plant and silica waste from silicone recycle industry in Thailand. Both
materials were milled within the tube mill for 2 hours to reduce the particle size estimated by Mastersizer
3000. The chemical composition of alumina waste and silica waste were determined by X-ray fluorescence.
Total concentration of heavy metal in leachate were tested to compare with Total Threshold Limit
Concentration (T'TLC) and Soluble Threshold Limit Concentration (STLC) specified by The Ministry of
Industry of The Kingdom of Thailand and the microstructure of the waste particle was captured by
Scanning Electron Microscope (SEM) and show in Fig 2. All of the physicochemical properties are
depicted in Table 1.

(@) (b)

Fig 1. Raw materials (a) Alumina waste, (b) Silica waste.
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Table 1. Physicochemical properties of alumina waste and silica waste.

Physicochemical properties Alumina Waste Silica Waste

AlL,O3 48.094 <0.01

SiO, 418 71.3

Chemical composition (% by weight) CaO 1.51 0.02
Fe O3 3.066 0.08

%LOI* - 28.6

Particle size (Micrometer) 36 48.9

Cr 82.5 324

. Cu 2.98 189

Heavy metal concentration (mg/kg) Pb 7905 1852
Zn 0 5368

Cr 6.15 1.07

. Cu 0 1.61

Heavy metal concentration (mg/1) Pb 0.76 26,3
Zn 0 11.9

L5%U X1,568 1apmd 258584

N

Fig 2. Microstructure images of (a) Alumina waste, and (b) Silica waste.
2.2. Methods
2.2.1. Preparation of Geopolymer Mortar Samples

Every geopolymer samples were casted in 5 x 5 x 5 centimeter cubic shape and cured at 60 degree celsius
for 24 hours. The samples were composed of alumina waste, silica waste, sodium hydroxide, sodium silicate
and sand. The proportion of alumina waste and silica waste controlled by SiO2/Al203 within the total
amount of raw waste material (70 grams) and ratio of SiO2/AI203 are 1, 2 and 3. The alkaline activated
solutions are sodium hydroxide and sodium silicate combined in 30 ml, the ratios of NaOH/Na2SiO3 are 2,
1 and 0.5. The amount of sand in every sample was fixed at 275 gram. All the proportion details are shown
in Table 2.
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Table 2. Proportion detail of all the geopolymer samples.

Silica Alumina .
Sample Si/Al waste waste NaOH /Na;SiO; NaOH  Na;5i0;  Sand
(ml) (ml) (®
(2 (2

A1B1 1 27 43 2 20 10 275
A1B2 1 27 43 1 15 15 275
A1B3 1 27 43 0.5 10 20 275
A2B1 2 40 30 2 20 10 275
A2B2 2 40 30 1 15 15 275
A2B3 2 40 30 0.5 10 20 275
A3B1 3 46 24 2 20 10 275
A3B2 3 46 24 1 15 15 275
A3B3 3 46 24 0.5 10 20 275

2.2.2. Compressive Strength Measurement

The geopolymer specimens were tested for compressive strength for different curing time (1, 7, 14 and 28
days) by using a 150 ton concrete compression machine according to ASTM C109/C109M [4].

2.2.3. Leaching of Heavy Metal

Preparing sample by acid digestion following US.EPA method 3050b [6] to compare its concentration
(mg/kg) with Total Threshold Limit Concentration (TTLC) standard and assess the heavy metal
concentration again by following Waste Extraction Test method to compare with Soluble Threshold Limit
Concentration (STLC) standard set by the Ministry of Industry.

2.2.4. Microstructure of Sample

Select the highest compressive strength sample to estimate its microstructure and compate with the
microstructure of the lowest compressive strength sample by using Scanning Electron Microscopy (SEM).

3. Results and Discussion
3.1. Compressive Strength

The results of compressive strength were given in Table 3 and Fig 3. The compressive strength of
geopolymer samples were in the range from 51.6 to 155.2 kg/cm2 for 1 day curing and developed when
curing time increase. For instance, The compressive strength of sample estimated at 28 days of curing were
in the range from 92.6 to 262.8 kg/cm?2. Show that the compressive strength and the curing time are the
direct variation that means the compressive strength is developed while the curing time is increased.

To find the best composition of geopolymer mortars, the ratio of binder and alkaline activated solution
were determined. Focus on the Si/Al ratio, the result showed that all samples gain more compressive
strength when the Si/Al ratio increased [2]. From the chemical standpoint, the most important factor in
geopolymer formation is the silica and reactive alumina content in starting aluminosilicate, because silicon is
the main component of the structural skeleton of the reaction products formed during the alkaline
activation of the materials [1,10]. At the ratio of Si/Al = 1 testing at 28 days of curing, The compressive
strength were in the range from 92.6 to 117.6 kg/cm? Si/Al = 2, the strength were increased in the range
from 171 to 232 kg/cm? and for the ratio of Si/Al = 3, the samples gained the most compressive strength
in the range between 193.4 to 262.8 kg/cm2. In addition to the condition of forming of the geopolymer
sample, the ratios of alkaline activated solution were estimated because alkaline activated solution is the
main factor to activate the geopolymerization process [11]. The results show that at the ratio of
NaOH/Na,;SiOs = 2, the sample gained the lowest compressive strength at every curing period and it will
be increased when the ratio of NaOH/Na,SiO; decline. The best ratio that gives the highest compressive
strength is 0.5. After the estimate of compressive strength data, A3B3 sample is the best proportion for this
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research which gave the highest compressive strength for every curing time (1, 7, 14 and 28 days). It
composed of alumina waste and silica waste in the Si/Al ratio = 3 and the alkaline activated solution ratio
(NaOH/Na,SiOs) = 0.5. This proportion gained the highest compressive strength for 262.8 kg/cm?2 at 28
days of curing which over the standard for hollow load-bearing concrete masonry units (TIS57-2530) [12]
and standard for hollow non-load-bearing concrete masonry units (TIS58-2530) [13].

In conclusion, it is clear that both of the ratios of Si/Al and NaOH/NaySiO; have an effect on
geopolymer formation. The highest compressive strength is made by the sample composed of Si/Al = 3
and NaOH/Na,SiOs = 0.5 and can develop by increasing of the curing time.

Table 3. The results of compressive strength of the geopolymer sample.

Compressive strength (Kg/cm?)

Sample 1 day 7 days 14 days 28 days
Al1B1 51.6 73 84.2 92.6
Al1B2 63.4 85.6 93.6 101.8
Al1B3 72 93.4 106.2 117.6
A2B1 101.4 125.6 146.2 171
A2B2 118.4 134.4 142.4 191.4
A2B3 134.8 164 190.8 232
A3B1 123.4 144.8 163.6 193.4
A3B2 140.6 169.2 190.2 230.4
A3B3 155.2 189.6 215 262.8

TIS57-253
100 | -=--E=E —----@ 11217

Compressive strength (kg/cm2)
N
o
o

T1S58-2530
20.39

1 7 14 28
Curing time (Day)

mA1B1 mA1B2 mA1B3 mA2B1 mA2B2 mA2B3 A3B1 A3B2 A3B3

Fig 3. Compressive strength of geopolymer sample.
3.2. Heavy Metal Concentration

The data in Table 1 show that both of raw materials (alumina and silica waste) are hazardous waste by
comparing the heavy metal concentration in the digestive solution with the standard concentration level set
by the Ministry of Industry. To provide the usage of waste materials, the heavy metals have to be fixed
within the structure of an aluminosilicate gel. So after the production of geopolymer, the total
concentrations of heavy metal were estimated again to claim that the geopolymer products are no longer
hazardous waste.

According to the data in Table 4, the results reveal that the concentration of heavy metal of the sample
were within both of the standard concentration level set by The Ministry of Industry, Total Threshold
Limit Concentration (TTLC) and Soluble Threshold Limit Concentration (STLC) which claim that the
geopolymer products are no longer hazardous waste. After the solidification, the heavy metal concentration
are lower than their raw materials because the heavy metal were fixed within the structure of aluminosilicate
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gel [10] and some were reacted in an adsorption on specific binder sites of mineral surface and physical
retention in a porous structure [7].

Table 4. Heavy metal concentration estimated by Inductively Coupled Plasma Optical Emission
Spectrometer (ICP-OES) and standard concentration level set by The Ministry of Industry, Total
Threshold Limit Concentration (TTLC) and Soluble Threshold Limit Concentration (STLC).

Concentration TTLC Concentration STLC
Heavy metal (mg/kg) (mg/kg) mg/)) (mg/)
Cr 29.8 2,500 0.61 5
Cu 15.9 2,500 0.50 25
Pb 108 1,000 213 5
/n 297 5,000 7.70 250

3.3. Microstructure

Scanning Electron Microscopy (SEM) was used to analyze the microstructure of the highest compressive
strength (A3B3) compare with the lowest compressive strength sample (A1B1) the results are showed in
Fig 4.

The element composition of aluminosilicate gel consisted primarily of silicon, aluminium and sodium
with smaller concentrate of calcium, maginesium, potassium and iron [11]. All the evidence appeared to
indicate that the rising of Si/Al and decreasing of NaOH/Na,SiO; ratio can improve the compressive
strength at every curing time. This method aims to study the microstructure of sample after solidified. In
Fig. 4 show that in sample A3B3, the structure were homogeneously mixed without rough texture or cracks.
In the other hand, there are a lot of non-react particle within sample A1B1 and distinctly see cracks and
rough texture.

Fig 4. Microstructure pictures of (a) the best proportion sample [A3B3] compare with (b) sample [A1B1].
4. Conclusions

Alumina and silica waste has proven to be an effective raw material in geopolymer production because it’s
chemical characteristic. The main reaction product of the alkaline activation to alumina and silica waste is
an amorphous polymer, an aluminosilicate whose chemical composition and microstructure vary depending
on the nature of the activator used. In this research, alumina and silica waste were chosen to be raw
material, sodium hydroxide and sodium silicate as an alkaline activated solution. The results revealed that at
the ratio of Si/Al = 3 and NaOH/NaySiOs = 0.5 were given the highest compressive strength (262.8
kg/cm?) tested at 28 curing days and the compressive strength can develop by the curing time. The
geopolymer productions are also the utilization of hazardous waste. The study of heavy metal concentration
indicated that after the formation of geopolymer, the heavy metal were fixed within the structure indicated
by the smaller amount of concentration and it has proven that geopolymer products are no longer the
hazardous waste.
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