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Abstract 

 

The study investigates properties of blended geopolymer based on fly ash (FA) and rice husk ash (RHA) activated with sodium 

aluminate as aluminum additive. Five series of geopolymer paste were studied with ratios of FA: RHA as 100:0, 75:25, 50:50, 25:75 

and 0:100. Phase identification and quantification were performed by X-ray Diffraction (XRD). Fourier Transform Infrared 

Spectroscopy (FTIR), field emission scanning electron microscope (FESEM) were used to characterize the microstructure of the 

specimen. Quantification of the elements present were performed by Energy dispersion X-Ray Analysis (EDX). Compressive strength 

along with physical parameters such as bulk density, water absorption, sorptivity, apparent porosity was determined. Results shows 

that 25% replacement by RHA is the optimal percentage on physical-mechanical properties of the blended geopolymer. The finer 

particles of RHA filled the voids present in the geopolymer matrix through filling effect and enriched the gel which densify the 

specimen. SEM micrographs also validates the denser matrix of the specimen at the optimal replacement percentage. However, it was 

seen that blending of RHA with FA beyond the optimal 25% has a negative effect on the properties studied. The observation may be 

attributed due to the presence of zeolite X as confirmed by Quantitative XRD. Increase in the amount of zeolite X and its crystalline 

size has a negative impact on the compressive strength of the blended geopolymer. The present study is expected to provide a practical 

solution of utilizing FA and RHA solid waste in construction activities. 
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1. Introduction 

 

 The issue of CO2 emission with cement production led to the 

development of geopolymer, an alternate binder being first 

introduced by Davidovits [1]. Geopolymer are amorphous to 

semi crystalline three-dimensional aluminosilicate formed from 

raw materials rich in silica and aluminum [2]. Geopolymer 

precursors includes fly ash [3-5], metakaolin [6-8], silica [9, 10], 

rice husk ash [11], ground granulated blast furnace slag (GGBS) 

[12-14], calcined water treatment sludge [15]. These precursors 

were usually activated by hydroxides and silicates of sodium [16] 

and potassium [17]. 

 Fly ash is one of the most widely used geopolymer precursor 

for its amorphous silica content. Around 800 million ton per 

annum of fly ash (FA) is produced word wide and India stand 

third after China and USA [18]. India generates about 196.44 

million-ton fly ash from its thermal power plants with percentage 

utilization of 67.13% for the year 2017-2018 [19]. Based on these 

figures, there is around 64.57 million ton of fly ash which can be 

used as potential precursor for geopolymer production. Another 

silica rich source which has not been extensively explored for 

geopolymer applications is rice husk ash (RHA). Global 

production of rice is estimated to be about 782 million ton. India 

with 172.58 million ton is second in production for the year 2018 

[20]. This generates around 34.58 million ton (about 20% of the 

production) of rice husk after milling. A small percentage of 

these are used in cement, refractory brick and as cattle feeds. The 

current disposal method is burning and dumping leading to the 

decomposition and other environmental issues. Utilization of 

RHA as rich source of silica can be considered in synthesis of 

geopolymer.  

 The properties of geopolymer depends on many factors 

particularly the relative ratio of silicon (Si) and aluminum (Al) 

[21, 22]. The prospect of blending FA and RHA geopolymer has 

been studied and reported to be have superior mechanical 

properties depending on fineness and blending percentage [23-

25]. However, as the amount of partial replacement of FA by 

RHA is increased, the amount of silica in the geopolymer matrix 

is expected to increase. This will in turn tend to increase the Si/Al 

ratio. Sodium aluminate as aluminum additives can be provided 

to maintain the ratio of Si/Al. Previous researchers had reported 

that the addition of aluminate accelerate the process of 

geopolymer reaction leading to enhanced properties [26]. 

Sodium aluminate as activator has also been reported for fly ash 

based [27] and rice husk based geopolymers [22, 28, 29]. 

However, blended geopolymer based on FA and RHA activated 

by sodium aluminate is yet to be studied.  

 From the available literature, it is clear that FA and RHA are 

available in abundant quantities and can be utilized to produce 

blended geopolymer. Furthermore, limited studies have been 

reported on the properties of geopolymer with Al additives such 

as sodium aluminate. Therefore, the objective of the present work  



Engineering and Applied Science Research 2021;48(1)                                                                                                                                                    93 

 
 

 
 

Figure 1 Particle Size Distribution of RHA and FA 

 

Table 1 Chemical Composition of RHA and FA wt. % 

 

Chemical Composition RHA FA 

SiO2 92.19 56.01 

Al2O3 0.09 29.80 

Fe2O3 0.10 3.58 

TiO2 0.71 1.75 

MgO  0.41 0.30 

K2O  0.05 0.73 

Na2O  1.64 0.61 

SO3 0.41 - 

CaO  0.09 2.36 

P2O5 0.01 0.44 

LOI   4.14 0.40 

 
is to study the effect of blending percentage of FA and RHA on 

synthesis and engineering properties of geopolymer specimens. 

Feasibility of sodium aluminate as source of aluminum for FA 

and RHA blended geopolymer have also been investigated. The 

microstructure and chemical composition of the resulting 

geopolymers has been further characterized by FESEM/EDX, 

XRD and FTIR. The present research aims to add valuable 

contribution in the study of FA and RHA blended geopolymer for 

applications in infrastructure construction. 

 

2. Experimental 

 

2.1 Materials 

 

 Rice Husk ash (RHA), sourced from West Bengal, India were 

used for the study.  Raw RHA were obtained after incinerating at 

650-700°C for 1 hour and stored in air tight chamber [22, 24]. A 

150 µm sieve was used to remove excessively large particles in 

RHA. 

 The sample are visually greyish white in colour. Particle size 

distribution of RHA are d10 =8.21µm, d50=37.58µm and               

d90 =73.64µm as shown in Figure 1. Class F fly ash (FA) was 

procured from Kolaghat Thermal Power Plant, India. Particle size 

distribution of FA are d10 =5.66µm, d50=41.30µm and                   

d90 =164.71 µm as shown in Figure 1. The constituents of as 

received FA and RHA were determined by X-ray fluorescence 

(XRF) and tabulated in Table 1. 

 Scanning Electron Microscopy (SEM) shows the raw RHA 

with irregular, elongated nature of the microstructure in Figure 

2(a). The SEM image of the as received FA is shown Figure 2 (b) 

where the particles are generally seen as spherical in shape. 

 For RHA based geopolymer, sodium aluminate supplied by 

Sigma–Aldrich was used as aluminum additive. The main 

constituents are Al (as Al2O3) (50-56%) and Na (as Na2O) (40-

45%). RHA and Sodium Aluminate were dry mixed and distilled 

water is added to the mixture.  Raw RHA and FA are activated 

with a mixture of sodium hydroxide solutions and sodium 

aluminate. Merck India Private Ltd, India provided the sodium 

hydroxide in pellet form with 97% purity and specific gravity of 

2.15. Sodium silicate solution was obtained from Loba 

Chemicals Ltd., India with Na2O=14.7%, SiO2=29.4%, and water 

55.9% by mass.  

 

2.2 Specimen preparation  

 

 Required quantities of FA and RHA was taken according to 

the proportion as given in Table 2. For unblended FA 

geopolymer, sodium hydroxide and sodium silicate solution were 

used as activator. A combination of sodium hydroxide and 

sodium aluminate as activator were specifically used for blended 

geopolymer. Sodium aluminate solution alone was used to 

activate unblended RHA geopolymer. The activator solution was 

prepared at least one day prior to its use. In a Hobart mixer, the 

activator was added to FA/RHA and allowed to mixed for 5 

minutes to obtain a homogenous viscous paste. However, for 

blended geopolymer, FA and RHA were dry mixed together for 

5 minutes prior to addition of activator [23]. Atomic ratios of 

Si/Al and Na/Al were kept constant at 2 and 1 respectively for all 

geopolymer paste specimens [22]. The oxide ratios (SiO2/Al2O3) 

and (Na2O/Al2O3) for the mixes works out to be constant at 2.3 

and 0.7 respectively. The quantity of extra water added to each 

mix was based on obtaining geopolymer paste of comparable 

workability [24]. The fresh paste specimens were cast in 50 mm 

cube as per ASTM C-109-20a [30]. The specimens were precured 

for 1 hour at room temperature. Afterwards, the specimen were 

put in an oven at 80°C for 24 hours duration [29, 31]. The 

specimens were than demolded after cooling and then stored at 

room temperature till the day of testing. For all the parameters 

studied, the average of three samples were reported.  

 Mix proportions of the blended geopolymers specimens are 

presented in Table 2. 
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Figure 2 SEM micrograph of raw materials 

 

Table 2 Batch composition of geopolymer (per 100 g of solid precursors) 

 

Specimen 

ID 

Atomic Ratios 
Solid 

Precursors (g) 
Activators (g) Oxide Ratios Extra 

water 

Added 

(g) 
Si/Al Na/Al FA RHA NaOH Na2SiO3 Na2AlO SiO2/Al2O3 Na2O/Al2O3 

100FA 2 1 100 0 22.13 43.79 0.00 2.3 0.7 31.34 

75FA 2 1 75 25 20.37 0.00 11.53 2.3 0.7 60.42 

50FA 2 1 50 50 13.37 0.00 32.43 2.3 0.7 61.99 

25FA 2 1 25 75 6.72 0.00 53.33 2.3 0.7 63.49 

100RHA 2 1 0 100 0.00 0.00 74.23 2.3 0.7 64.98 

 

2.3 Testing procedure 

 The direct compressive strength of hardened geopolymer 

paste specimens was determined at the age of 7 and 28 days in a 

3000kN capacity Servo-Hydraulic Computer Controlled 

Compression Testing Machine. In each case, three identical 

specimens were tested in accordance to ASTM C-109-20a [30] 

and average values were reported. All the physical parameters 

studied (bulk density, apparent porosity water absorption and 

sorptivity) were performed on 28 days cured specimens. 24-hour 

oven dried specimen at a temperature of 80°C were utilised for 

determination of bulk density and apparent porosity. Apparent 

porosity was measured using Archimedes principle in 

compliance with ASTM C-20-00(2015) [32]. ASTM C-642-13 

[33] procedure was followed for determination of bulk density, 

water absorption of geopolymer specimens. Sorptivity test 

determines the rate of absorption by the phenomenon of capillary 

rise. The specimens were initially painted with water proof 

enamel paint on all sides except the bottom and top surfaces, so 

as to allow capillary uptake of water only from bottom. The slope 

of the linear portion of the curve between cumulative mass gained 

per exposed surface area and square root of time taken was 

reported as the sorptivity of the geopolymer paste [34]. 

 X-ray diffraction analysis was made using D8 Advance 

(Bruker) XRD machine with Cu-Kα radiation with the following 

conditions: 40 kV, 30 mA. Powdered specimens used for XRD 

were scanned in the scan angle (2θ) range of 10ᵒ to 80ᵒ. Scanning 

was performed in continuous mode with step size of (2θ) of 0.02 

and scan step time of 1 sec. The reflection positions and d-

spacing were analysed by DiffractEVA program and phase 

identified with Powder Diffraction Files (PDF). Rietveld 

refinement [35, 36] were done with Fullprof software (version 

27th November 2019) with 10 % wt. of corundum as internal 

standard to enable the quantitative analysis. The percentage of 

amorphous phase were calculated as 100 minus the summation 

of weight percent of all the crystalline phase [36]. The average 

crystalline size of the specimens was calculated using Scherrer’s 

equation [37]. Microstructures were studied through field 

emission scanning electron microscope (FESEM) by Sigma 300, 

Carl Zeiss. Quantification of the elements present in the 

geopolymer paste were performed by Energy dispersion X-Ray 

Analysis (EDX) at an accelerating voltage of 20 kV. FTIR      

were recorded on powdered samples with a Perkin Elmer, 

Simultaneous Thermal Analyser STA 8000 device. Spectra were 

recorded in the range 400-4000cm-1 with a resolution of 4 cm-1 

and 16 scans per spectrum. 
 

3. Results and discussion  

 

3.1 X-ray Diffraction Analysis (XRD) 

 

 Figure 3 presents XRD patterns of blended and unblended 

geopolymer specimens for comparison. The main peaks of 

100FA specimen comprises mainly of quartz (PDF 01-070-7344) 

and mullite (PDF 01-079-1456). Peaks  mainly of quartz (PDF 

01-070-7344), cristobalite (PDF 00-039-1425), and zeolite X 

(PDF 00-012-0246) were noticed in the XRD spectra of 100RHA 

specimens.75FA shows peaks of mullite at 2Ɵ angle of 17.05°, 

24.83°, 31.47°, 41.39°, 43.16° and 68.76°. Characteristic high 

intensity peak of quartz was detected at 27.19° along with peaks 

of zeolite X at 40.02°, 50.76° and cristobalite peak at 33. 81°. 

These characteristic peaks were present in all the other blended 

geopolymer specimens with varying intensities. The formation of 

zeolite is a simultaneous reaction along with geopolymerisation 

and also depends on chemical composition of raw materials, 

activators used and curing parameters [38]. 

 Presence of zeolite X were also reported in geopolymer 

precursor rich in silica and activated with sodium aluminate [28] 

and   blended   geopolymers   (FA   and   RHA)   [23].   Averaged  
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Figure 3 XRD of geopolymer specimen 

 

 
 

Figure 4 Rietveld plot for 75FA geopolymer 

 

Table 3 Rietveld quantification of geopolymer specimens (%weight) 

 

Specimen Mullite Quartz Zeolite X Cristobalite Amorphous 

100FA 12.40 19.86 - - 67.74 

75FA 9.95 15.67 0.85 0.92 72.60 

50FA 8.52 9.85 1.86 1.95 77.82 

25FA 3.13 7.71 4.92 5.07 79.17 

100RHA  - 1.35 8.31 1.33 89.01 

 

crystalline size of zeolite X calculated as per Scherrer’s equation 

were 15.91, 18.66, 18.89 and 19.2 nm for 75FA, 50FA, 25FA and 

100 RHA respectively. Decreasing trend in the intensity of quartz 

peak was detected for all the blended and RHA geopolymer 

specimens at approximately 2Ɵ angle of 27° in comparison to 

that of 100FA. It has been related to increase formation of 

amorphous geopolymer gel with increasing percentage RHA in 

the specimen [39]. The different crystalline phases and zeolite 

formation as well as the amorphous phase of the geopolymer 

specimens are tabulated in Table 3. 

 Unblended geopolymer specimen 100FA has amorphous 

content of about 67.74% with crystalline components of mullite 

(12.40%) and quartz (19.86%). As RHA is blended with FA, the 

crystalline percentage tend to decrease leading to the growth of 

amorphous content of the blended geopolymer specimen (67.74-

89.01%). The amorphous content of 75FA shows an 

enhancement of about 7.17% over that of 100FA.Blended 

geopolymer also shows considerable growth in the formation of 

zeolite X from 0.85-8.31% with increasing RHA in the blending.  

 This may be due to the increased amorphous silica 

supplement from RHA blended as well as production of more 

amorphous geopolymer gel [25, 40, 41].Typical XRD Rietveld 

plot for 75FA geopolymer specimen is shown in Figure 4. The 

black and red spectra indicate measured and calculated patterns 

respectively while the blue spectra specify the residual between 

these two patterns. The positions of Bragg peaks for different 

phases are denoted by the marks shown in Figure 4. The quality 

of the fit is adjusted by the weighted profile factor (Rwp) [35] 

which are in the range of 10.78-11.45% for all the geopolymer 

specimens. 

 

3.2 FESEM and EDX analysis 

 

 Figure 5(a)-(e) shows micrographs of geopolymer 

specimens. Occurrence of few voids with regular and smooth 

texture is noticed for 100FA specimen. Micrograph of 100RHA 

shows irregular and flaky nature similar to that of raw RHA in 

Figure 2 (a). 
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Figure 5 SEM micrographs (a) 100FA (b) 75FA (c) 50FA (d) 25FA (e) 100RHA 

 

 
 

Figure 6 SEM micrograph of Zeolite X 

 

 It is observed that voids in the gel matrix of blended 

geopolymer were much lesser than those of unblended 

geopolymer. The microstructure of 75FA with 25% replacement 

by RHA present significant densification of geopolymer matrix. 

The comparatively smaller particle size of RHA (d50=37.58µm 

and d90 =73.64µm) gets dissolved to form more gel phase while 

also filling up the voids in the geopolymer matrix. Previous 

researchers had stated the same phenomenon of filler effect of 

RHA in geopolymer matrix [25, 41]. It can be also be construed 

that blending of RHA plays a positive role in the improvement of 

pore structure of the geopolymer gel matrix [41]. The amount of 

unreacted FA and RHA particle were also observed to be higher 

for 50FA and 25FA as compared to 75FA specimen. Figure 5(c) 

for 50FA specimen shows spherically shaped unreacted /partially 

reacted fly ash which adhered on the surface of the geopolymer 

gel. Elongated and flaky shaped particle in the micrograph are 

attributed to unreacted RHA. The amount of unreacted RHA are 

relatively lower for 25FA specimen though spherical shaped 

unreacted FA were still apparent from Figure 5(d). The unreacted 

FA and RHA are assumed to have not participated in the 

geopolymerisation process. Silicate and aluminum geopolymer 

precursors from FA and RHA are transformed by optimal kinetic 

reaction into aluminosilicate gel and crystalline zeolite phase 

[42]. The formation of zeolite X were also confirmed by XRD as 

discussed in the previous section. SEM micrograph can detect 

occurrence of small crystals as shown in Figure 6 with 

magnification of 25000x and scale bar of 2µm.The 

microstructure shows moderately altered octahedral shaped 

individual crystals on the surface of the geopolymer gel. Previous 

literature also reported zeolite X to have octahedral 

morphological structure [43, 44]. 

 The average results of five different points for EDX analysis 

of geopolymer specimens is presented in Table 4. The main 

contributing weight percentage are of elements: Silicon (Si), 

Aluminum (Al), Sodium (Na), Iron (Fe), Calcium (Ca), and 

Oxygen (O). The ratio of Si/Al and Na/Al were found to have 

slightly deviated from the initial ratio of 2 and 1 respectively 

taken during preparation.100FA specimens have Si/Al and Na/Al 

ratios of 1.97 and 0.75 respectively. The slight decrease in ratio 

is attributed to the swift dissolution of alumina from the raw fly 

ash [45]. Moreover, thermal curing at relatively high temperature 

for a long period results in higher dissolution and nucleation 

process of Al [42]. For unblended 100RHA, Si/Al ratio of 

100RHA was found nearly equal to that of original batch 

composition. This validates that sodium aluminate can be utilized 

as the source of alumina in the geopolymer matrix. 
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Table 4 EDX weight Percentage analysis of geopolymer specimens. 

 

Element 100FA 75FA 50FA 25FA 100RHA 

O  40.61 43.46 43.52 43.94 41.82 

Na 17.33 13.95 10.86 12.72 13.49 

Al 12.96 12.49 12.87 12.54 12.34 

Si 25.47 26.93 29.22 29.66 25.5 

K  0.36 0.48 0.95 0.33 1.97 

Ca 0.35 0.44 1.24 0.61 2.78 

Ti 0.61 0.82 0.26 0.03 1.12 

Fe 2.31 1.43 1.08 0.17 0.98       
Si/Al 1.97 2.16 2.27 2.37 2.07 

Na/Al 0.75 0.9 1.19 0.99 0.91 

 

Table 5 Variation of characteristics FTIR bands 

 

Specimen Si-O-Si asymmetric vibration Si-O-Si bending D6R vibrational bands of Zeolite X 

100FA 977.39 - - - 

75FA 988.64 555 670 743 

50FA 1001.31 556 674 749 

25FA 1008.75 558 677 752 

100RHA 1012.21 560 678 756 

 

 
 

Figure 7 FTIR of geopolymer Specimens 

 

 For blended geopolymer, a growing trend of Si/Al ratio is 

observed as the percentage replacement of FA with RHA is 

increased. Si/Al ratios of 2.16, 2.27 and 2.37 corresponding to 

75FA, 50FA and 25FA respectively were detected. The rate of 

release of alumina was reported to be faster for specimens 

containing sodium aluminate [26]. However, the released Al 

creates a siliceous layer on the surface of FA particle which 

hinders the dissolution of silica particles [26, 46]. This may be 

the reason for more unreacted FA and RHA particles observed in 

the SEM micrographs (Figure 5 b-d). It results in slightly higher 

value of Si/Al ratio as confirmed by the EDX analysis.  

 

3.3 Fourier Transform Infrared Radiation (FTIR) 

 

 FTIR spectra of geopolymer specimens are presented in 

Figure 7. Geopolymer specimen of 100RHA exhibits strong 

peaks corresponding to Si-O-Si asymmetric vibration at 

approximately 1017 cm-1.Peaks at 2970 cm-1and 1470 cm-1 are 

credited to C-H [47] and O-C-O [29] respectively. The 

occurrence of O-C-O peak in the FTIR spectra suggested 

presence of sodium carbonate by reaction with atmospheric CO2 

[29]. Minor peaks were also observed at around 430 cm-1  and 

560 cm-1 corresponding to Si-O-Si bending and Si-O-Al 

stretching and bending respectively [48]. The band near               

730 cm-1 and 3690 cm-1 are allocated to AlO4 vibration and O-H 

stretching bond. 

 For blended geopolymer, Si-O-Si asymmetric vibration were 

detected in the approximate range of 990-1013 cm-1 and 

approximately 980cm-1 for 100FA. The  observed shift of Si-O-

Si stretching to higher wavenumber  as RHA is blended with FA 

indicate lengthening  and reduction of bond angle signifying a 

chemical change in the geopolymer matrix [48]. The 

characteristic peaks of C-H (approx.2970 cm-1) and O-H 

stretching (3690 cm-1) were observed in 100RHA, 25FA and 

50FA specimens. However, these peaks were absent in the case 

of 75FA and 100FA. This may be attributed to lesser extra water 

provided in these specimens as compared to the others. Si-O-Si 

bending varies from around 420-435 cm-1 for all the blended 

geopolymers. The bands at approximately 670 and 750 cm-1 are 

assigned to zeolite X [49, 50]. The band at approx. 570 cm-1 also 

corresponds to vibrations of double rings (D6R) [51]. The 

presence of these band in 100RHA, 25FA, 50FA and 75FA 

authenticate presence of zeolite X as observed in SEM 

micrograph and discussed in XRD. The variation of the main 

band Si-O-Si asymmetric vibration, Si-O-Si bending and D6R 

vibrational bands are tabulated in Table 5. 

 Increasing trend was observed in the main peak Si-O-Si 

asymmetric   vibration   band  and  Si—Si  bending  band  as  the  
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Figure 8 Compressive Strength of geopolymer specimens 

 

blending percentage by RHA is increased. 100FA does not show 

the spectra corresponding to Si-O-Si bending. Increase in 

vibrational band is reported to be indirectly associated with more 

crystallization phase of zeolite [50] validating the percentage 

increase presented in Table 3. 

 

3.4 Compressive strength  

  

 Compressive strength of geopolymer specimens after 7 and 

28 days of curing are shown in Figure 8. Irrespective of the 

blending percentage, geopolymer specimens shows an increasing 

trend as the curing days were varied from 7 to 28 days. The initial 

first week strength were about 52-84 % of the strength observed 

after four weeks. This is due to faster dissolution rate of alumina 

from sodium aluminate during the initial week which 

significantly influences the mechanical strength. Aluminum 

contributes to the formation of cross linking of the gel- formation 

and provides mechanical integrity for initial strength 

development of the geopolymer specimens [26]. RHA particles 

release silica in a much slower rate as compared to the alumina. 

This affected the initial geopolymer reaction with inadequate 

silicate to react with aluminum and sodium [26]. The amount of 

soluble silica increases in the later weeks resulting in enhanced 

gel formation causing further development of mechanical 

strength. 

 The finer particles of RHA filled the voids present in the 

geopolymer matrix which densify the specimen and lead to 

higher mechanical strength [25]. The relatively denser matrix 

was also observed in the SEM micrographs of 75 FA in Figure 

5(b). Blending of RHA with FA decreased the peaks of major 

crystalline phases in the geopolymer specimen. This is evident 

from the XRD pattern as well as the quantitative analysis of the 

XRD. The decrease in crystalline intensity indicates the 

formation of more amorphous geopolymer gel which have been 

reported to increase the compressive strength [36, 52]. An 

increase of 7.17 % is observed in the amorphous content of 75FA 

over 100FA geopolymer as indicated in Table 3. The strength 

development of geopolymer specimens studied show 75FA with 

highest value of 35.95 and 56.43MPa after 7 and 28 days 

respectively. This is about 30.39 and 33.81% enhancement over 

unblended fly ash based geopolymer specimen. However, a 

decreasing trend in compressive strength were observed in 

geopolymer specimens when percentage replacement by RHA is 

beyond 25%. Previous studies on FA and RHA blended 

geopolymer reported optimum replacement of RHA at 20% [24] 

and 35% [23]. Reduction of 20.41, 51.2 and 59.78% in 28 days 

compressive strength as compared to 100FA were noticed for 

50FA, 25FA and 100RHA respectively. The decreasing trend in 

compressive strength may be related with other synthesis 

parameters which might have influenced the mechanical 

strength. 

 One of the factors influencing the compressive strength 

might be addition of extra water. Incorporation of RHA in the 

synthesis of blended geopolymer increases the water demand of 

the geopolymer paste to make it workable. This leads to lower 

alkalinity of the activator, slower rate of reaction and 

development of a more porous microstructure [28]. Moreover, 

the formation of zeolite X also effect the strength development of 

the geopolymer specimen. The presence of zeolite X in blended 

and 100RHA specimens has been confirmed by XRD, SEM and 

FTIR analysis. The transformation of amorphous gel into zeolites 

reorganized the geopolymer matrix and can influence the 

compressive strength of the specimens. Quantitative XRD phrase 

analysis indicates an increasing trend of formation of zeolite X as 

RHA is blended with FA. Optimal level of zeolite X enhances the 

compressive strength of the geopolymer matrix beyond which it 

has an impeding effect [53]. The difference in microstructure of 

zeolite and geopolymer hampers the development of compressive 

strength. Zeolite have microporous structure based on 3D cage 

system which is different from 3D tetrahedral network of 

aluminum and silicon of geopolymers [7]. The averaged 

crystalline size of zeolite X have been found to increase as 

calculated using Schneir equation with higher percentage 

blending by RHA in the geopolymer. The crystalline size of the 

zeolite X has a negative effect as it decrease the compressive 

strength of the blended geopolymer specimens. Similar 

correlation was also highlighted by Takeda et al [37].  

 

3.5 Physical properties 

 

 Bulk density and apparent porosity for geopolymer paste 

specimens are presented in Figure 9. 75FA specimens with 25% 

blending by RHA results in highest bulk density of 1.81 g/c.c. 

when compared with those of other the geopolymer specimens. 

Bulk density decreases significantly as the percentage blending 

by RHA is increased. However, blended geopolymer exhibit a 

reverse trend in case of apparent porosity with 75FA specimen 

showing least value of 7.15%. This amounts to about 25% 

improvement over that of unblended FA geopolymer. Apparent 

porosity increases remarkably with RHA percentage in the 

specimen. On comparison with that of 100FA specimens, bulk 

density decreased at 5.67, 8.05 and 12% for 50FA, 25FA and 

100RHA respectively. 

 Apparent porosity was found to increase exponentially for 

25FA and 100RHA geopolymer respectively at 35.86 and     

34.32 %. 
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Figure 9 Bulk Density and Apparent Porosity of geopolymer 

 

 
 

Figure 10 Water Sorptivity and Water absorption of geopolymer 

 

 Water absorption and sorptivity for geopolymer specimens 

are highlighted in Figure 10. Sorptivity and water absorption 

varies in a similar trend with a least value of 0.99 x 10-3 

g/mm2/min0.5 and 4.39% respectively for 75FA geopolymer 

specimen.  

 75FA have around 32% and 20.16% improvement over 

unblended FA geopolymer for sorptivity and water absorption 

respectively. Beyond 25% RHA blending in geopolymer, both 

the parameters noticeably increased. The best physical properties 

of 75FA translate to its highest compressive strength among the 

geopolymer specimen. The effective combination of RHA with 

FA leads to formation of denser matrix of geopolymer matrix 

through filling effect and enrichment of the gel as validated by 

the SEM micrographs. Similar observations were also reported 

for RHA blended geopolymer [25, 54]. Further increase in 

blending percentage of RHA has a negative effect on all the 

physical parameters studied. This could be due to the porous 

microstructure of the RHA itself [54]. The poor dispersion and 

agglomeration phenomenon are attributed for the observed 

negative effect on these parameters [40, 55]. 

  

4. Conclusions 

 

 Based on the experimental results, the following were drawn  

1. Sodium aluminate as aluminum (Al) additive for the 

geopolymer reaction of blended geopolymer based on fly 

ash and rice husk ash is established.  

2. The optimal replacement percentage of FA with RHA 

was 25% as indicated by the highest compressive 

strength (56.43MPa) over all the geopolymer specimen 

studied. It was further supported by results of physical 

parameters such as bulk density, water absorption, 

sorptivity and apparent porosity. 
3. SEM micrographs of 75FA (25% RHA) validates its 

observed best properties with denser matrix as compared 

to other specimens. Finer particles of RHA in the 

specimen sufficiently fills the voids in the geopolymer 

matrix leading to improved properties. 

4. Quantitative XRD reveals the progressive growth of 

zeolite X along with the aluminosilicate gel as the 

percentage blending of RHA is increased. SEM 

micrographs and FTIR spectra also established the 

presence of zeolite X.  

5. Optimal formation of zeolite X enhances the compressive 

strength beyond which it has a negative effect on blended 

geopolymer.   

6. FA and RHA are found suitable for making blended 

geopolymer of desired properties by properly adjusting 

the quantity of water for achieving good workability. 
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