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The kinetics of one-part “just add water” geopolymerisation reaction is studied in the system of fly 

ash as an aluminosilicate precursor and solid sodium silicate as alkali activator. The rates of the 

release of Si and Al nutrients from source materials can significantly affect their availability for 

reaction and their extent of participation in geopolymer gel structure. The crystalline phases that 

usually appear in fly ash geopolymers are missing in the one-part mix binders studied here, and by 

increasing the Si/Al ratio the amount of Si contribution in the final geopolymer gel is decreased. 

The sample with lower water content sees the participation of more Si in both stages of gel 

formation. Adjusting the composition of raw materials can improve the mechanical properties of the 

final one-part mix binder. Reasonable mechanical strength with the maximum strength of 65MPa is 

achieved. 

 

1. Introduction 

 

Concrete made by Ordinary Portland Cement (OPC) is the most common construction material, and 

after water, it is the most consumed material used by societies. OPC production is an energy 

intensive process which also releases a high amount of carbon dioxide. The cement industry is 

responsible for about 7% of total CO2 emissions in the world [1]. Geopolymer concrete is an 

alternative construction material which has the potential of significantly reducing the amount of 

CO2 emissions. The life cycle method has been recently used to compare the life cycle impact of 

geopolymers comparing to OPC [2, 3]. As a result, the CO2 emissions from geopolymer concretes 

can be 97% lower to up to 14% higher than standard OPC [2]. If the mix design can gain strength in 

ambient temperature, the resulting geopolymer has much lower impact on global warming than 

normal OPC [4]. 



 

One-part geopolymer mixtures are a newly introduced class of geopolymeric binders, developed 

with the aim of simplifying the difficulties in handling silicate solution-activated geopolymers. 

One-part geopolymers can be made by aluminosilicate precursors that are blended with solid 

activators [5-9], precontain high amount of alkalis [10, 11], or activated together with alkaline 

materials [12, 13]. Contrary to the typical geopolymer binders in which silicate solutions are used as 

activators, in one-part mixtures, solid activators exist in dry mixture, and the reaction begins when 

water is added to the solid mix, similar to Portland cement. This technique helps to avoid using 

corrosive and viscous solutions for bulk production and helps with the commercial viability of 

geopolymer binders. 

 

There have been some efforts in activating aluminosilicates together with alkalis at elevated 

temperatures to make one-part mix binders. Koloušek et al. developed one-part mix systems by 

calcination of kaolinite or halloysite together with powdered hydroxides [6]. The resulting strength 

of their samples was 1MPa after seven days which was weaker than usual two-part mix systems. Ke 

et al. made one-part mix geopolymers by calcination of red mud with sodium hydroxide at 800 °C 

[10]. Calcination of red mud at high temperature led to the formation of partially ordered alkaline 

aluminosilicate phase that gained binding properties and strength of 10 MPa after seven days. Ye et 

al. also used alkali–thermal activated red mud (800°C) for making one-part mix binders [11]. They 

added silica fume to their system to increase the strength, and they could reach 31.5 MPa after 28 

days. Feng et al. activated albite with sodium hydroxide or sodium carbonate powders at elevated 

temperatures (850-1150 °C) [12]. Their resulting binders gained over 40MPa strength after 28 days. 

Peng et al. performed thermal treatment of low-quality kaolin with alkalis at 950°C, and their binder 

gained over 47 MPa strength [13]. The recent thermal treatment methods for making one-part mix 

binders could achieve comparable strength with two-part mix systems. However, the high 

temperature required for these methods limits their commercial application and increases their 

negative environmental impact. 

 

Also, some efforts have been made to make one-part mix systems by blending aluminosilicates with 

solid activators. The researchers tried to use ambient temperature or slightly higher curing 

temperatures to synthesise these binders. There have been studies by Yang et al. and Yang and Song 

that used sodium silicate powder or combination of solid sodium silicate with sodium hydroxide to 

activate the pure fly ash and pure slag systems at ambient temperature [5, 14]. With the pure slag 

system, the resulting binder could gain 50MPa, and the pure fly ash system gained up to 9.45MPa 

strength after 28 days. Later Nematollahi et al. activated the different combination of fly ash, slag 



and hydrated lime systems using different grades of sodium silicate activators [8]. They compared 

the strength results of one-part mixtures with a control two-part mix sample, and they could make 

one-part mix formulae that achieved over 37 MPa strength at ambient temperature. If the one-part 

mix is designed to gain strength at ambient temperature (or slightly higher), the resulting 

geopolymer will have much lower impact on global warming than normal OPC [4]. Other than the 

curing temperature in alkali activated mix designs, adverse environmental impacts are related to the 

process of alkali activators production in their life cycle analysis [3, 15]. Recently, there have been 

some studies that successfully used alternative alkaline activators (such rice hull ash (and/or silica 

fume) blended with sodium hydroxide) to reduce CO2 emissions [15, 16].  

 

Most of the efforts to make one-part mix geopolymers so far were focused on making commercially 

and environmentally viable one-part mixes; however, there are very limited studies that explored 

the kinetics of geopolymer formation in these systems. The kinetics of one-part mix geopolymers 

made of geothermal silica as a pure silica source and sodium aluminate as the alkali and alumina 

source have been investigated [7], but the geopolymerisation of the pure silica system is different 

from the fly ash system which is usually used for making geopolymers. It is known that the time 

release of Si and Al species has a significant effect on the structural development of geopolymer 

binders [17, 18]. The different technique of geopolymer synthesis in one-part mixtures affects the 

time release of the vital elements, and therefore requires a whole new concept of material design in 

these systems. The aim of this paper is to develop some of the established knowledge about the 

mechanisms of geopolymerisation to explain the reaction kinetics observed in one-part geopolymers 

made of fly ash. 

The importance of the Si/Al ratio and water to binder ratio, in particular, their effects on 

geopolymer formation and properties, has been widely discussed for two-part geopolymer mixes 

[19-22]. In order to study the effect of Si/Al ratio on the formation mechanism of one-part mix fly 

ash geopolymers and their physical properties, one-part-mix binders are produced here from fly ash 

(FA) as an aluminosilicate precursor. Two Si/Al ratios are chosen to be analysed, and the 

crystallinity, micro- and nanostructure of the binders are investigated. The effect of water content is 

also studied; one-part geopolymer mixtures are made with different H2O/Na2O molar ratios while 

keeping the Si/Al ratio constant. One-part mix products are generated successfully from FA, and in 

each case a higher-strength product is generated than has been reported previously in the literature. 

Microstructural and nanostructural observations are able to explain the trends in strength behaviour. 

 

 



2. Materials and methods 

 

The FA used in this research was sourced from Gladstone Power Station Queensland, Australia. 

The results of X-Ray Fluorescence (XRF) analysis of all of the materials are presented in Table 

1.This FA contains 28.49% Al2O3 and 47.83% SiO2; however, a significant amount of this alumina 

and silica content is crystalline. It was previously calculated from a quantitative XRD analysis using 

SiroQuant software that only 37% of the SiO2 and 14% of the Al2O3 in this FA are X-ray 

amorphous [23]. Therefore, composition calculations in this paper are based only on the amorphous 

fraction of FA.  

 

Table 1. Oxide Composition of Materials As Determined by XRFa  

SiO2  TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O  K2O P2O5 SO3 LOI 

FA 47.83 1.70 28.49 11.38 0.19 1.43 5.51 0.34 0.46 0.62 0.24 1.82 

a Mass %. LOI: loss on ignition at 1000 C. t: trace amounts detected. 

 

An alternative for viscous and corrosive sodium silicate solutions should be used to assist with 

developing one-part mix (“just add water”) geopolymers. Solid sodium silicates and sodium 

hydroxide are known to have the potential to slowly activate aluminosilicate materials to make 

geopolymer binders. In this paper, solid sodium hydroxide obtained from Aldrich with a 

composition of 99.9 wt. % NaOH, and solid sodium silicate with the brand name of SS20 obtained 

from PQ Australia, with a composition of 75 wt. % SiO2 and 23.3 wt. % Na2O, are used as solid 

activators. 

To make one-part binder mixtures, FA was dry-mixed with solid sodium silicate to attain Si/Al 

molar ratios of 3.6:1 and 4.5:1, then water was added to the solid mixture to attain a sample with 

effective H2O/Na2O molar ratio of 12:1, 14:1. Sodium hydroxide was also blended with the 

mixtures to match the Na/Al ratios across the sample set (the Na/Al molar ratio was kept constant at 

1.5). For all samples studied here, compositional calculations in Table 1 are based on the available 

silica and alumina content (i.e. using the amorphous silica and alumina content for FA) of the raw 

materials as determined by XRF. The samples are named according to their compositional ratios. 

The number outside parentheses refers to the Si/Al molar ratio, and the number in the parentheses is 

the H2O/Na2O molar ratio. Table 2 shows the mass percentage of the components in three samples 

studied here. 



 

Table 2. Mass % of each component in the samples.  

  Fly Ash Sodium silicate NaOH Water 

FA 3.6(12) 51.7 19.5 3.4 25.4 

FA 3.6(14) 49.7 18.8 3.3 28.2 

FA 4.5(12) 48.1 28.6 0 23.3 

 

The crystalline phases of the samples were studied using powder X-Ray Diffraction (XRD) 

collected on a Philips PW 1800 diffractometer with CuKα X-rays generated at 30mA and 40 kV 

with 0.02º 2θ steps, 2s step
-1

. Phase identification was carried out by comparing diffraction patterns 

to the ICDD PDF4 database from the International Centre for Diffraction Data, using Jade 7 

software, version 5.1.2600, from Materials Data Inc. 

The nonostructure of samples was analysed using the attenuated total reflectance (ATR)-FTIR 

method. This method allows the solid, solution and gel parts of geopolymers to be analysed 

simultaneously [23]. ATR-FTIR spectra were collected using a Varian FTS 7000 FT-IR 

spectrometer, with a Specac MKII Golden Gate single reflectance diamond ATR attachment with 

KRS-5 lenses and heater top plate. Absorbance spectra were collected from 4000-400 cm
-1

 at a 

resolution of 2 cm
-1

 and a scanning speed of 5 kHz with 32 scans.

The microstructure of samples was examined by Scanning Electron Microscopy (SEM) using a 

Philips XL30 field emission gun scanning electron microscope (FEG-SEM) with an accelerating 

voltage of 20 kV. Fractured specimens are mounted on stubs using adhesive carbon pads and gold 

coated before analysis. 

The mechanical strength of geopolymers was measured using an ELE ADRAuto 1500 compression 

testing machine, with 50mm mortar cubes. Geopolymer pastes are mixed with standard quartz sand, 

with 2 grams of sand per gram geopolymer (calculated as solid plus solution), molded, vibrated for 

10 seconds, sealed and cured in an oven at 40ºC. Samples are loaded in the testing instrument at a 

rate of 0.5kN/sec until failure. Strengths reported are the average of three samples. 

 

3. Results and Discussion 

 

3.1. Characterising crystalline phases 



 

Figure 1 shows the results of XRD analysis of one-part mix FA geopolymers. Crystalline phases 

identified are quartz (SiO2; PDF: 00-046-1045), mullite (Al6Si2O13; PDF: 00-015-0776), sodium 

metasilicate (Na2SiO3; PDF: 00-016-0818), and larnite (Ca2SiO4; PDF: 00-033-0302). There is also 

a ferrite spinel phase shown as magnetite (Fe3O4; PDF: 00-019-0629). 

There is no clear difference between the crystalline phases present in FA geopolymers with 

different Si/Al ratios and different water contents, and the only difference is in the presence of 

larnite (dicalcium silicate) in the 2-day data for the FA 4.5(12) sample (Figure 1(c)), This is 

attributed to the presence of a small amount of larnite in the original fly ash which may mean that 

the as-supplied fly ash had been blended with a small amount of cement, as is sometimes observed 

when fly ashes are supplied for use in the concrete industry [24]. This phase hydrates during the 

reaction process to form amorphous phases, but appears to react more slowly in the system with a 

higher Si/Al ratio.  

Comparing the result of XRD analysis of one-part mix geopolymers with the literature data for 

traditional two-part mixtures shows that the zeolite phases that usually appear in FA geopolymers 

[23, 25, 26] are missing from the one-part mix XRD results here. Faujasite or chabazite type 

zeolites and hydroxysodalite are known to form in two-part fly ash-sodium silicate systems with 

low to moderate silica contents [27-29], although crystallisation is not always observed in samples 

with higher silica content [25]. In the work of Yang and Song [30] on the synthesis of one-part 

geopolymer mixtures from fly ash activated by a combination of sodium silicate and sodium 

hydroxide powders, a small amount of a zeolitic phase was generated. It is not clear whether the 

absence of zeolites here means a lower extent of reaction in these one-part mixtures, or whether it 

means that all of the reactions which have happened have led to the formation of amorphous phases. 

 

Figure 1. XRD diffractograms of  a) FA 3.6(14), b) FA 3.6(12) and c) FA 4.5(12) samples as a 

function of curing time. Numbers refer to the age of samples in days. Q: quartz, Ml: mullite, 

Mg: magnetite, S: sodium metasilicate, Lr: larnite. The peak marked with * is due to the 

aluminium sample holder 

 

Consistent with observations in the literature, it is clear that the crystalline phases of FA are not 

reactive and remain mostly unchanged during the geopolymerisation process. This low reactivity of 

the crystalline phases of FA is the reason for considering only the amorphous fraction of this 

material in the composition calculations here.  



 

3.2. Nanostructural analysis 

 

Nanostructural analysis is performed here using ex situ infrared spectroscopy. The data obtained for 

FA source material before reaction and one-part mix FA geopolymers with different Si/Al ratios 

and different water contents are presented in Figure 2. Figure 2(a) shows the FTIR spectra of FA 

before reaction and the various samples after one day of reaction, and Figure 2(b) shows the 

variation in their main band positions over time.  

The main peak at about 1050 cm
-1

 in FA is related to asymmetric and symmetric stretching 

vibrations of Si-O-Si and/or Si-O-Al bonds, the band at about 780 cm
-1

 is related to Al-O vibrations 

in Al2O3 structures [27, 31]. 

Figure 2(a) shows that the shapes of the FTIR spectra of FA geopolymers differ between the FA 

3.6(12) and 4.5(12) samples, with different Si/Al ratios, after one day of reaction, and the FA 

3.6(12) sample has higher intensity in the peak at around 1000 cm
-1

. Comparing the FA 3.6(12) and 

FA 3.6(14) samples, with different water contents, again shows that FA 3.6(12) has higher intensity 

in this peak. This peak, which is located at a wavenumber between the Si-O-Si stretching vibrations 

of unreacted FA (close to 1050 cm
-1

) and the Si-O-T (T: Si or Al) vibrations related to the 

geopolymer network (closer to 960 cm
-1

) [23], is related to nanostructural changes in the silicate 

network of FA that cause the main band to shift to lower wavenumbers in the early stages of 

reaction. As was explained by authors before [7], the formation of non-bridging oxygens due to 

hydrolysis-deprotonation reactions, and the contribution of Al to the network of forming 

geopolymer gels, cause changes in the distributions of lengths and angles of Si-O-T bonds in the 

sample, which causes the main band shift to lower wavenumbers. The higher intensity of this band 

in the FA 3.6(12) sample, and its presence at lower wavenumber, mean that more changes have 

occurred after one day in the network of this sample, which has a lower Si/Al ratio and lower water 

content than the other mixes analysed.  

 

Figure 2. Ex-situ FTIR data: a) comparing FTIR spectra of FA and FA geopolymer samples 

after one day of reaction, and b) evolution of main Si-O-T peak positions over time 

 

In the FA geopolymers studied here, the source of Al is fly ash, the source of alkalinity is solid 

sodium silicate, and the sources of Si are both FA particles and sodium silicate. To decrease the 

Si/Al ratio of a mix design based on these precursors, it is necessary to decrease the amount of 

sodium silicate in the solid mixture – but then in order to keep a constant Na/Al ratio, another 



source of Na is required. Sodium hydroxide was therefore mixed with the solid precursors used in 

the samples with lower Si/Al ratios here. Also, the water content should be high enough to keep 

similar H2O/Na2O ratios in the 3.6(12) and 4.5(12) samples which have high amounts of Na. 

Therefore, in order to design one-part mixtures using the solid sodium silicate source used here 

(with a high silica modulus; 75 wt.% SiO2 and 23.3 wt.% Na2O, giving a modulus of 3) while 

keeping constant alkalinity or water content, a relatively high amount of water is required to 

maintain the workability of geopolymer pastes and meet the requirements of the mix design.  

Figure 2(b) shows that the shift of the main band to lower wavenumbers happens most rapidly for 

the FA 3.6(12) sample, and that its main band shifts to 996 cm
-1

 in the first day of reaction 

compared to 1003 cm
-1

 for the 4.5(12) sample at the same time, which suggests a faster reaction rate 

for the FA 3.6(12) sample with a lower Si/Al ratio. This agrees with the observation of higher 

intensity of the newly formed gel peak in the first day in Figure 2(a). The differences between the 

peak shifts in the 3.6(12) and 4.5(12) samples should not be related to differences in non-bridging 

oxygen sites, as the alkali contents of the systems are held constant, meaning that the differences in 

gel structure are instead due to the different extents of Al contribution in the gel networks of the two 

samples.  

The peak positions at each duration of curing for the 3.6(12) sample, with its lower Si/Al ratio, are 

significantly higher than the peak positions of the 4.5(12) sample at similar ages. A main band at a 

higher wavenumber tends to indicate a higher Si/Al ratio in the binder network. This observation, 

where the lower Si/Al ratio sample appears to have a higher gel Si/Al ratio, is unexpected and is 

contrary to the findings for one-part mix geothermal silica and sodium aluminate geopolymers [7], 

where increasing the silica content led to a higher main band wavenumber and more contribution of 

Si in the geopolymer gels.  

So, Figure 2(b) suggests that upon increasing the Si/Al ratio in FA one-part mix geopolymers, the 

amount of Si contribution in the final geopolymer gel is decreased. This might seem improbable, 

but it is not impossible. The observation of slower FA dissolution (higher wavenumber after one 

day of reaction in Figure 2(b) and larger shoulder at ~1050cm
-1

 in Figure 2(a)) with increasing 

silicate content in these samples can be related to the relatively low concentration of small silica 

species in solutions with higher Si/Na ratios, as these solutions tend to form silicate oligomers 

rather than containing small reactive species. Small silicate species are known to be important in 

geopolymerisation reactions [31-36]. At constant alkali concentration, increasing the silica 

concentration can lead to the formation of significant amounts of larger and more highly 

coordinated silicate species (containing Q
3
 and Q

4
 sites) rather than small species such as silicate 



monomers and dimers [37, 38]. Only the silanol groups found in small species are effective in 

promoting hydrolysis of the FA glass network [23]. 

There will be insufficient reactive aluminosilicate materials supplied when the extent of 

depolymerisation of FA is low, which will lead to less formation of geopolymer gel. The larger 

polymeric silicate species could potentially hinder the reaction process, or may simply remain 

unreacted. Therefore, the Si/Al molar ratio cannot be increased indefinitely, as has been discussed 

in detail for two-part geopolymer mixtures [26, 32, 33, 39], and a similar approach should be taken 

in the design of one-part mixtures. 

Comparing the peak position graphs in Figure 2(a) for the FA 3.6(12) and FA 3.6(14) samples, with 

different water contents, shows that upon increasing the water content, the main band shift to lower 

wavenumbers is slower; the 3.6(14) sample shows a main band shift to 1005 cm
-1

 in one day 

compared to 996 cm
-1

 for the 3.6(12) sample. However, the sample with higher water content shifts 

to its lowest wavenumber after two days and then shifts back to higher wavenumbers after four days 

of reaction, whereas the 3.6(12) sample requires 7 days to shift back to higher wavenumbers. 

As Rees et al. explained [23], the minimum position of the main band is related to the point in time 

when Al-rich gel is formed, and its shift back to higher wavenumbers is due to the contribution of 

more Si later in the reaction process, with the formation of Si-rich gel. Figure 2(b) suggests that, 

although changes in ash structure happen faster during the first day of reaction in the low water 

content sample (FA 3.6(12)), the formation of Al rich gel, followed by substitution of more Si and 

the formation of Si rich gel, will occur faster in the higher water content sample, FA 3.6(14). 

The dissolution of FA increases with increasing NaOH concentration in solution. Upon increasing 

the water content, the alkalinity of the system is decreased, leading to less formation of non-

bridging oxygens by glass hydrolysis and therefore less changes in the nanostructure of the sample 

in the early stages of reaction. This is why the main band shifts to a lower wavenumber after one 

day in the sample with lower water content.  

It was also recognised before that the extent of Al dissolution from the fly ash particles studied here 

is higher than the extent of Si dissolution, and that the difference in their dissolution rates decreases 

over time or upon increasing the alkalinity of the system s[40]. Thus, in the FA 3.6(14) sample with 

high water content and lower alkalinity, the amount of Al in solution in the early stages of the 

reaction is relatively high, and consequently an Al-rich gel phase will be formed quickly in this 

system. However, in the 3.6(12) system, which has higher alkalinity due to its lower water content, 

there will be less difference between the dissolution rates of Si and Al from the ash particles, 

meaning that the dissolved alumina is present along with dissolved silica species from both solid 



sources (ash and sodium silicate) in the early stages of reaction, hindering the formation of the 

initial “Al-rich” gel. 

After formation of the Al-rich gel in the 3.6(14) sample, the concentration of dissolved solids in the 

solution will have decreased, as they have participated in forming the gel. This increases the driving 

force for further dissolution of silica from the available solid sources. Now, the solid source with 

more undissolved Si available will be mainly the remnant FA particles, as the more reactive sodium 

silicate particles will have been consumed more easily in the earlier stages of reaction. So, more 

silica dissolves from ash particles in the later stages of the reaction; however, much less Al is left in 

the solution as most of the dissolved Al species have already left the solution due to gelation. 

Therefore, the formation of Si rich gel happens soon after dissolution of Si from ash particles in the 

3.6(14) sample with high water content. 

On the other hand, for the FA 3.6(12) sample with lower water content, which has dissolution of 

silica from both silica sources (ash particles and sodium silicate) from the early stages of the 

reaction, formation of the initial Al-rich gel takes more time, but as soon as formation of this gel 

occurs, the secondary Si-rich gel begins to form due to the presence of more dissolved silica. 

Therefore, as higher alkalinity affects the dissolution of silica from ash particles more than it affects 

the dissolution of alumina, the sample with lower water content sees the participation of more Si in 

both stages of gel formation, causing the peak position of the 3.6(12) system to remain slightly 

above the peak position in the 3.6(14) system.  

As discussed earlier [17, 18], when designing solid mixtures for geopolymer precursors, the release 

rates of Si and Al into the solution should be considered carefully. Possibly even more so than pure 

compositional effects, the release rates of the gel-forming species will control nanostructure 

development and the final properties of the binder.  

 

3.3. Microstructural analysis 

 

Figure 3 shows SEM micrographs of one-part mix FA geopolymers after three weeks of curing. The 

spherical shapes of the unreacted FA particles are recognisable in these images. Comparing the 

microstructures of FA 3.6(12) (Figure 2(a)) and FA 3.6(14) (Figure 2(b)) shows that increasing the 

amount of water has negatively affected the microstructure of FA geopolymers, consistent with the 

FTIR findings presented above. However, comparing SEM images of FA 3.6(12) (Figure 3(a)) and 

FA 4.5(12) (Figure 3(c)) shows that increasing the Si/Al ratio in a one-part mix FA geopolymer 

does not cause improvements in its microstructure.  



 

 

Figure 3. Scanning electron micrographs of a) FA 3.6(12), b) FA 3.6(14) and c) FA 4.5(12) 

samles after three weeks at 40°C. 

 

The Si/Al ratios in the one-part mixtures studied here are much higher than the Si/Al ratios of one-

part GTS geopolymers studied before [7], and this can significantly affect the geopolymerisation 

mechanism. The fly ash particles in the FA 4.5(12) sample (Figure 3(c)) are not as tightly connected 

to each other with geopolymer gel as the particles in the FA 3.6(12) (Figure 3(a)) sample, and the 

extent of large pore formation in the sample with higher Si/Al ratio is also higher. Also, among the 

three FA samples studied here, some small cracks can be observed in the SEM image of the FA 

4.5(12) sample which do not exist or are too small to be observed in the other two samples. 

 

3.4. Mechanical strength 

 

Comparing the mechanical strengths of one-part mix FA geopolymer samples (Figure 4) confirms 

the observations presented above regarding the nanostructure and microstructure of these samples. 

The higher water content sample is weaker, and there is also a marked difference between the 

compressive strengths of the samples with different Si/Al ratios, where the sample with lower Si/Al 

ratio has much higher strength. The FA 4.5(12) sample, which is very weak after the first week of 

curing, only improves its strength to about 20 MPa after 3 weeks, which is still very low for 

cementitious binders. However, as it could keep its rigidity and mechanical integrity when 

immersed in water for 2 weeks [27], it was considered to be a successfully-formed geopolymer. The 

FA 3.6(12) sample also became stronger over time, with a final strength of 65 MPa after three 

weeks which is a strong sample for one-part mixtures compared to the results of the studies that 

used similar raw materials [8, 30]. Also, comparing the strength of FA one-part mixture studied 

here with the strengths of two-part mix geopolymers shows that achieving 65 MPa is very 

acceptable for a Gladstone fly ash geopolymer [25, 41] . 

          

 

Figure 4. Strengths of one-part mix FA geopolymers as a function of curing time at 40°C 
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4. Conclusions 

The effects of water content and Si/Al ratio on the reaction mechanisms and physical properties of 

FA one-part-mix systems have been investigated. The amounts of Si and Al nutrients provided for 

reaction are not always a good representation of the amounts of Si and Al that actually take part in 

reaction, and the rates of their release can considerably affect their availability for reaction and their 

extent of participation in geopolymer gel structure. Adjusting the composition of raw materials can 

lead to lower crystallinity, faster nanostructural changes over time, increase in Si/Al ratio of final 

binder in later stages of the reaction, and denser microstructure of final binder. These changes are 

usually useful for improving the mechanical properties of the final one-part mix binder. In the 

samples studied here, the usual crystalline phases in fly ash geopolymers are missing, and by 

increasing the Si/Al ratio the extent of Si contribution in the final geopolymer gel is decreased. 

Participation of more Si in both stages of gel formation is observed in the sample with lower water 

content. Reasonable mechanical strength with the maximum strength of 65MPa is achieved. 
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