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Abstract 

 

This study is part of a joint Canada-India research program to effect sustainable 

construction. Alberta generates a significant amount of waste from agricultural- 

and forest-based industries. Similarly, India has lots of sugar cane bagasse waste. 

Researchers in both countries want to use these forms of waste in concrete, not 

only to solve the problem of land filling, but also to use it, if possible, as a 

supplementary cementing material to reduce the economic and environmental cost 

of concrete. In the present investigation, a feasibility study is made to examine 

agro-based ashes as supplementary admixtures in concrete. These agro-based 

ashes are waste generated from pulp and paper mills, typically consisting of a 

mixture of hardwood and softwood barks and their fine residues. Also, ash 

resulting from sugar cane bagasse, which is burnt as fuel in sugar mills, has also 

been investigated as a pozzolanic admixture, especially for resistance to sustained 

elevated temperatures. All of  the ash samples were first characterized for 

chemical composition and physical properties, including grain-size distribution, 

density and chemical composition. Subsequently, the ash was added to concrete 

as a supplementary cementing material to study the compressive and tensile 

performance of hardened concrete. With sugar cane bagasse ash, specimens of 

concrete incorporating different percentages of ash as a mass replacement of 

Portland cement were subjected to compression and split tensile tests under 

different temperatures. From the strength point of view, the results are 

encouraging: for example, when the dosage level of Albertà s agro-based ashes 
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was as high as 15%, the strength was still seen as promising. The findings 

strongly endorse that sugar cane bagasse ash imparts resistance to concrete 

against elevated temperatures and may be used as a supplementary cementing 

admixture. Results show that these agro-based ashes can be used in normal-

strength concrete buildings. 
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Chapter 1. Introduction  

1.1  Background 

These days researchers are studying different agro-based waste materials. The 

major quantities of waste generated from agricultural sources include sugarcane 

bagasse, rice husk, and coconut husk. Reusing such waste as a sustainable 

construction material seems to be a suitable solution for the problem of land-

filling and the high cost of building materials (Rabi et al 2009). These days, 

agricultural solid waste materials are being reused in manufacturing blended 

mortars and concrete for better performance and price.  The use of waste materials 

in concrete has been a continuous procedure in different industries. These waste 

agricultural materials are used to heighten the mechanical properties of a building 

material while they are not useful in agriculture fields. (Cooper et al. 1999, 

Madurwar et al. 2013, Singh. 2013). Rice husk ash (RHA), sugarcane bagasse ash 

(SCBA), sawdust and cork granules have been used as pozzolanic materials for 

reactivity in concrete. They are added to concrete to partially replace cement in 

concrete mixtures so that the concrete will have sufficient engineering physical 

and chemical properties (Paya et al. 2002). RHA has been used as a suitable raw 

material to make hydraulic cement and as a good corrective admixture to reduce 

expansion that occurs as a result of an alkali-silicate reaction, and also to reduce 

the temperature in high-strength concrete (AI-Khalafand et al 1984). SCBA is a 

valuable cement-replacing material for cement and concrete production because 

of its high content of silicon and aluminium oxides. Also, the effect of elevated 
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temperature on strength of normal and high strength concrete with and without 

different ashes is investigated by different researchers.  

1.1.1 Use of agro-sourced ash in concrete 

In tests on SCBA concrete, Chusilp et al. (2009) found that concrete specimens 

containing 10ï30% ground bagasse ash instead of cement in binder had greater 

compressive strength than the reference concrete (concrete without ground 

bagasse ash) at 28 days, while the water permeability of this concrete was lower 

than that of reference concrete. Comparing different percentages, concrete 

containing 20% ground bagasse ash had the highest compressive strength at 113% 

of the reference concrete. Radke et al. (2012) found 20% optimum value and 

discovered that SCBA can potentially be sold at a price similar to that of slag and 

fly ash, thereby making it cost effective and environmentally friendly. Puala et al. 

(2010) got the same 20% optimum value of SCBA in Brazil while there are a lot 

of sugar cane sources. Findings by Chusilp et al. indicate that ground bagasse ash 

can be used as a pozzolanic material in concrete to have an acceptable strength, 

lower heat evolution, and reduced water permeability with respect to the control 

concrete. Srinivasan et al. (2010) have done similar studies on SCBA concrete 

and concluded that bagasse ash mainly contains aluminum ion and silica. It has 

been chemically and physically characterized, and partially replaced in the ratio of 

0%, 5%, 10%, 15%, 20% and 25% by the weight of cement in concrete. Fresh 

concrete tests including a compaction factor test and slump test were done, as 

were hardened concrete tests including compression, splitting tensile and flexural 

tests at seven and 28 days. The results showed that the strength of concrete 
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increased as the percentage of bagasse ash replacement increased. Amin (2011) 

concluded that the specific surface area of bagasse ash is found to be three times 

higher than that of cement. The density, specific gravity and mean grain size of 

bagasse ash are found to be less than those of cement. Kawade et al. (2013) found 

that SCBA made concrete stronger and easier to work with. Muangtong et al. 

(2013) found that at older ages, the result is observed that the intensity of CH 

phase decreases whereas that of C-S-H phase increases in the cement replaced 

with SCBA comparing to without SCBA. Ultra-finely ground SCBA was 

produced by vibratory grinding resulted in the production of high-performance 

concrete with 20% replacement instead of Portland cement Fairbairn et al. (2012). 

The addition of SCBA also resulted in improvements in the rheology of concrete 

in the fresh state and resistance to the penetration of chloride-ions. Also, Rukzon 

et al. (2012) noticed an improvement in concreteôs resistance to chloride 

penetration when SCBA was used to enhance the precipitation sites of hydration 

products and reducing the Ca(OH)2 of concrete. Fairbairn et al. studied the 

thermal, chemical and mechanical behavior of concrete containing 5 to 20% of 

ash and discovered the viability of possible CO2 emissions reductions for cement 

manufacturing. Castaldelli et al. (2013) assessed SCBA blends for the production 

of alkali-activated pastes and mortars. They found that SCBA is an interesting 

source for preparing alkali-activated binders.  

Ganesan et al. (2008) have studied the effect of rice husk on the strength and 

permeability properties of concrete.  In their study, they looked at RHA prepared 

from the boiler burnt husk residue of a particular rice mill as a blending 
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component in cements. They analysed the physical and chemical characteristics of 

RHA and found that it consists of 87% of silica. Test results showed that up to 

30% of RHA could be used instead of cement without adversely affecting the 

strength and permeability properties of concrete. Ramasamy (2010) investigated 

the effect of rice husk in concrete and concluded that the strength of the concrete 

increased with increasing replacement percentage of 10% of RHA. Adding 20% 

RHA increased resistance against sulphate attack for both continuous soaking and 

cyclic conditions. Adding RHA significantly improves concreteôs strength and 

durability properties. Ramezanianpour et al. (2009) studied the effect of RHA and 

found that concrete incorporating RHA had higher compressive strength, splitting 

tensile strength and modulus of elasticity at various ages than the reference 

concrete.  

1.1.2 Effect of elevated temperature on concrete 

Rao et al. studied RHA in concrete under elevated temperatures and found that 

using RHA in concrete is not only cost effective but also improves resistance 

against elevated temperatures and durability and reduces carbon dioxide 

emissions. Harison et al. (2014) investigated the effect of fly ash in concrete on 

strength of Portland cement concrete. In this study, cement was replaced by fly 

ash in the range of 0% (without fly ash), 10%, 20%, 30%, 40%, 50% and 60% by 

mass fraction of the cement. It was observed that using 20% fly ash as a 

replacement increased the strength marginally (1.9% to 3.2%) at 28 and 56 days 

respectively. Also, when up to 30% of fly ash is used to replace Portland cement, 

after 56 days the strength is almost equal to that of the reference concrete. 
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Elsageer et al. (2009) studied the effect of fly ash (FA) and found that FA 

concrete could be used when early age strength is required. The FA early age 

strength was found to be equivalent to that of Portland cement concrete. While the 

age and curing temperature is increased, the strength increases more and is greater 

than that of the target concrete. However, the long-term strength is adversely 

affected by higher curing temperatures and by increasing the fly ash. Shang et al. 

(2013) studied FA in high performance concrete under elevated temperatures and 

found that while the temperature increased from 200-500ӍC, the flexural and 

compression strength dropped sharply in comparison with the original strength. 

There are also some studies on the effect of elevated temperature on normal and 

high strength concrete. Arioz (2007) studied the effects of elevated temperatures 

on properties of concrete and noticed that the surface cracks became visible when 

the temperature reached 600°C. The cracks were very clear at 800°C and 

increased extremely when the temperature increased to 1000°C. Concrete 

specimens subjected to temperatures of 1200°C were completely decomposed. 

Rao et al. (2004) studied the variation of compressive strength of high-strength 

concrete at elevated temperatures and observed a gradual increase in compressive 

strength in the range of 100°C to 400°C and a gradual decrease in compressive 

strength in the range of 400°C to 700°C. Pathan et al. (2012) concluded that when 

the temperature is increased to 300°C the compressive, splitting tensile, flexural 

strength and impact strength of specimens is decreased for conventional and high-

strength concrete. Husem (2006) studied the effects of high temperature on the 

compressive and flexural strength of ordinary and high-performance concrete and 



6 
 

concluded that in ordinary concrete and high-performance concrete exposed to 

high temperatures, flexural and compressive strength decreases when the 

temperature increases .  

1.2 Outline of thesis 

In the present research, a feasibility study was made to investigate the potential 

use of forest-based ashes as supplementary admixtures in concrete. The forest-

based ashes are waste from wood suppliers, typically a mixture of hardwood and 

softwood bark and fines. Chemical and physical tests of XRD, SEM, EDX, XRF, 

particle and sieve analysis were conducted to characterize the ash for their 

different chemical and physical properties and potential pozzolanic activity 

properties. 

Subsequently, the potential to use ash as a pozzolanic admixture was examined by 

replacing Portland cement with the ash from 0 to 20% by mass at 5% increments. 

This research is designed to study the short-term mechanical performance and 

fresh properties of concrete. The concrete produced was tested for compression 

and splitting tension.  

In the present investigation, a feasibility study was made to utilize SCBA as an 

admixture in concrete and examine its role in imparting resistance under elevated 

temperatures. The ash was obtained from a sugar mill in India where the bagasse 

was recycled as fuel for the mill. Bagasse is the fibrous matter that remains 

after sugarcane or sorghum stalks are crushed to extract their juice. It is currently 

used as a biofuel and in the manufacture of pulp and building materials. For each 

10 tons of sugarcane crushed, a sugar factory produces nearly 3 tons of wet 
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bagasse. Since bagasse is a by-product of the sugar cane industry, the quantity of 

production in each country is in line with the quantity of sugarcane produced. The 

sugarcane can be burnt and ground to requirements and used as a cement 

replacement in concrete.  

The background review showed that research work has been carried out to show 

how SCBA affects the strength of concrete. However, no attempt has been made 

to explore SCBA as a refractory material. Other agro-based ashes are used in 

concrete and the effect of temperature on them has been studied. Rice husk ash 

and fly ash are used in different percentages in concrete, and studies have looked 

at their performance under compression with exposure to elevated temperatures. 

This project is designed to examine ashôs suitability and effectiveness under 

elevated temperatures when ash is used as a supplementary cementing admixture. 

The purposes of this research are: minimizing the usage of cement, thereby 

reducing the effect of CO2 on the environment; useful consumption of an 

industrial waste and facilitating waste management; and studying the variation of 

compressive strength of cement mortar and cement concrete cubes and flexural 

strength of cement concrete beams subjected to sustained elevated temperatures. 

In this study, ash was characterized for its physical properties and chemical 

composition. Incorporated as a supplementary cementing admixture, SCBA 

replaced Portland cement from 0 to 25% by mass fraction at 5% increments. The 

resulting concrete was subjected to elevated temperatures of 300ºC, 400ºC and 

500ºC, exposed for 2 hours in each case. A reference series was examined at room 

temperature. Compressive and flexural strength were evaluated and compared 
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with the reference performance at room temperature and reported as residual 

properties. 
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Chapter 2. Physical and Chemical Properties of FBAs as Pozzolanic 

Admixtures in Concrete
1
  

2.1 Abstract 

This thesis is based on a feasibility study that used forest-based ashes as 

supplementary admixtures in concrete. The forest-based ashes (FBA) are waste 

generated from burning wood residues, typically consisting of a mixture of 

hardwood and softwood barks and their fine residues, which are burnt to produce 

the ash. In the study reported here, the ash was characterized by chemical 

composition and physical properties.  The chemical and physical characterization 

of the four different types of ash was done by examining each type of ash for 

grain-size distribution, density and chemical composition. The results of particle-

size analysis show that all the forest based ashes had a mean particle size between 

100 and 1000 microns, which is larger than that of the Type GU Portland cement 

used in this study. The chemical characterization from X-ray fluorescence showed 

that the FBA specimens were predominantly composed of CaO, with significant 

amounts of SO3. The chemical analysis further revealed that all specimens contain 

K2O and Na2O at levels which exceed maximum limits on alkali oxides allowed 

by ASTM and pose concerns about potential alkali-silica reactions. The SO3 

presence also indicates the potential danger of sulphate attack damaging the 

concrete over the long term, thus affecting the durability.  

                                                 
1
 Parisa Setayesh Gar, Vivek Bindiganavile  

To be submitted to the Canadian Journal of Civil Engineering 



10 
 

2.2 Introduction  

The current research is based on the study of the potential usage of forest-based 

ash instead of cement as a supplementary material in concrete mixes. As part of 

the research, different chemical and physical tests are conducted on the ash. 

The major quantities of waste from agricultural sources generated in boilers come 

from sugarcane bagasse, rice husk and coconut husk. Reusing such waste as a 

sustainable construction material is a good solution for the problem of land-filling 

and high cost of building materials (Rabi et al 2009). These days, agricultural 

residue ash materials are often used to manufacture blended mortars and concrete 

for better performance and price.  The use of waste materials in concrete has been 

a continuous procedure in different fields. These waste agricultural materials are 

used to heighten mechanical properties of a building material while they are not 

useful in agriculture fields (Rabi et al. 2009, Cooper et al. 1999, Madurwar et al. 

2013, Singh 2013). 

Rice husk ash (RHA), sugarcane bagasse ash (SCBA), sawdust and cork granules 

have been used as pozzolanic materials for reactivity in concrete. They are added 

to the concrete mixture as partial replacements for cement to ensure sufficient 

engineering physical and chemical properties (Paya´ et al. 2002). RHA has been 

used as a suitable raw material for making hydraulic cement, as a good corrective 

admixture for reducing expansion due to alkali-silicate reactions, and to reduce 

the temperature in high-strength concrete (AI-Khalaf et al. 1984). Also, SCBA is 

a valuable cement-replacing material for cement and concrete production due to 

its high content of silicon and aluminum oxides (Paya´et al. 2002). 
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In the present study, XRD (X-ray Diffraction), SEM (Scanning Electron 

Microscopy), EDX (Energy-dispersive X-ray spectroscopy), XRF (X-Ray 

Fluorescence), particle and sieve analysis tests were conducted on wood-ash 

mixtures to determine chemical and physical properties and potential pozzolanic 

activity. 

2.3 Materials and Methods 

Four types of ashes with different combinations and densities of 404, 522, 471 

and 320 kg/m
3
 were analyzed with different tests of XRD, SEM, EDX, XRF, 

sieve analysis and particle size analysis which were produced by other companies. 

The forest-based ashes are hog fuels from wood suppliers. They are a mixture of 

hardwood and softwood bark and fines. The hog fuel is from a variety of sources: 

sawmill bark (mostly softwood), hardwood bark and scraps from the bush from 

the chipper operations, old hay from surrounding farms, and fibre from the 

effluent clarifer (primary and secondary sludge). The forest-based ashes were 

obtained after burning at around 400-470°C. The source of the ashes is not 

entirely clear but they are from various Alberta based sources. To gather more 

information about the ashes, particle size analysis and oxide compositions were 

conducted.  

2.4 Results and Discussions 

As was noted, four types of forest-based ashes were studied. Chemical 

characterization involving identification and quantification of the chemicals, 

especially oxides present in the FBA, were done through Energy-dispersive X-ray 

spectroscopy (EDX), x-ray diffraction (XRD) and x-ray fluorescence (XRF). The 
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crystallinity and phase analysis of the forest-based ashes were investigated using 

XRD.  XRD test is done to know about the crystal particles of the sample. EDX 

test is done through elemental analysis of sample and XRF test shows the oxide 

composition content of the sample and both tests quantify the oxides identified in 

the ash samples.  

Figure 2-1, Figure 2-2, Figure 2-3 and Figure 2-4 show XRD traces of the four 

different types of FBA used in this study. Table 2-1 gives the various oxides 

found in the FBA.  Further, it was seen that in all cases of ashes (FBA 1 through 

4), the chemicals portlandite, arcanite, quartz and calcite exhibited distinct peaks 

as compared to the other minerals listed in the table below.  

Table 2-1- Chemical composition of forest-based ashes as found using XRD 

Anhydrite Quartz Calcite Arcanite Sylvine Moissanite Hematite 

Apatite Siderite Muscovite Portlandite Paragonite Laumontite Magnesite 

XRD outputs shows that quartz and calcite have the most crystallinity. Some of 

the minerals identified, such as arcanite, are the same as for the Portland cement 

clinker. Others, such as calcite, quartz and hematite, are the same as for blended 

Portland cement. Still others, such as portlandite, resemble those found in 

hydration products (Aranda et al., 2012). Nair et al. (2008) showed that to 

produce a highly reactive property ash has to contain the maximum amount of 

amorphous quartz (silica), however, only crystalline phases were detected here.  
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Figure 2-1- XRD Test of FBA 1 

 

Figure 2-2- XRD Test of FBA 2 

Intensity(Counts) 
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Figure 2-3- XRD Test of FBA 3 

 

Figure 2-4- XRD Test of FBA 4 

Intensity(Counts) 

Intensity(Counts) 
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Results regarding SCBA by Paya et al. 2002 found that SiO2 is the mineral in the 

ash which has a high crystallinity. The highest peaks are for SiO2 (quartz) and 

mullite (2SiO2.3Al2O3) in the ash, as shown in Figure 2-5. For this thesis, SCBA 

was tested for its chemical composition and results showed higher levels of SiO2 

than of other components.  

 

Figure 2-5- XRD Test of SCBA (Paya´, J.et al. 2002) 

Previous studies on rice husk ash by Folletto et al. (2006) and Larbi et al. (2010), 

found that the crystalline structure or the amorphous structure of silica directly 

depends on the method of burning and the temperature of burning to get the ash. 

Ramezanianpour et al. (2009) have reported that when the temperature was higher 

than 650 °C, the rice husk ash contained more crystalline silica. The reactivity 

decreases when the temperature is increased from 650 and higher. Figure 2-6 

below, developed by Larbi et al. (2010), shows the 2-theta range of 18 to 30 

degrees in which the silica in rice husk ash may be identified as in an amorphous 

state. 
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Figure 2-6- XRD Pattern of As-Received RHA (Larbi et al 2010) 

Table 2-2, Table 2-3, Table 2-4 and Table 2-5 below show the percentages of 

various chemicals that were found using EDX tests in the four different FBAs, 

FBA1, FBA 2, FBA 3 and FBA 4 respectively. In each case, the Ca and C percent 

is dominant, suggesting the presence of Ca (OH) 2 and Ca(CO3). Further, the next 

dominant elements are K and silicon in FBA 1, 2, 3 and 4. In other words, in these 

ashes the minerals portlandite, arcanite, calcite and quartz appear to be more 

predominant than the other minerals listed. The oxide composition shows that the 

results from EDX and XRF tests in Table 2-8 match. 
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Table 2-2- EDX Test of FBA 1 

Elements Weight 

Percentage 

O 21.58    

K 4.78     

S 1.20     

Al  0.14 

P 0.26     

Cl 0.33     

Ca 7.11 

Si 0.36     

Mg 0.66     

Na 0.87     

C 62.65 

   

Table 2-3- EDX Test of FBA 2 

Elements Weight 

Percentage 

O 21.06    

K 3.92     

S 0.96     

Al  0.05     

P 0.12 

Ca 4.7    

Si 0.25     

Mg 0.34     

Na 0.15     
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Table 2-4- EDX Test of FBA 3 

Elements Weight 

Percentage 

O 52.97    

Ca 26.44     

K 7.02 

S 2.58     

Si 4.59     

Mg 1.95     

Al  1.35     

Na 0.86     

Fe 1.08     

P 0.64     

Cl 0.24     
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Table 2-5- EDX Test of FBA 4 

Elements Weight 

Percentage 

O 36.63    

Ca 10.11     

S 1.46     

Si 0.45 

Mg 0.96     

Al  0.18     

Na 0.51     

Fe 0.08     

P 0.25     

C 47 

Cu 0.12 

Zn 0.12 

K 1.62 

 

However, in FBA 4, CaO is predominant. Results of previous researchers as 

reproduced in Table 2-6 and Table 2-7 show that the main constituent in rice husk 

ash is silica, typically 85-88%; the ash also contains some minor oxides such as 

alkalis, sulphate and portlandite. Similarly, in SCBA, Paya et al. found that silica 

is the most predominant oxide (2002). Results also showed that the silica 

remained in the amorphous form between 450-700°C for 3 to 4 hours of husk 

burning. Since the crystalline forms of silica have less reactivity than the 



20 
 

amorphous one, it is essential that rice husks are burned at a temperature of less 

than 850°C. The burning temperature of forest-based ashes was around 400-

470°C.  

Table 2-6- Chemical Analysis of Rice Husk Ash (AI -Khalaf et al., 1984) 

 

Table 2-7- Chemical Composition of SCBA (Paya et al. 2002) 

 

 

Temperature  Loss Percentage oxide composition

and on

Time of BurningIgnition SiO2 K2O SO3 CaO Na2O MgO AI203 P2O5 CI Fe203 MnO

450°C for 2 hrs 3.49 85.88 4.1 1.24 1.12 1.15 0.46 0.47 0.34 0.39 0.18 0.091

500°C for 2 hrs 3.3 86.89 3.84 1.54 1.4 1.15 0.37 0.4 0.35 0.45 0.19 0.087

550°C for 2 hrs 2.89 87.19 4.1 1.54 1.3 1.05 0.43 0.37 0.32 0.33 0.17 0.091

600°C for 2 hrs 2.69 86.02 3.76 1.82 1.12 1.15 0.39 0.36 0.3 0.27 0.16 0.086

700°C for 2 hrs 2.38 85.81 4.1 1.88 1.4 1.22 0.4 0.38 0.3 0.14 0.17 0.091

850°C for 2 hrs 1.89 87.72 3.96 1.25 1.43 1.11 0.36 0.4 0.3 0.16 0.16 0.09

LOI SiO2 AI203 Fe203 CaO MgO SO3 Na2O K2O

0.63 59.67 20.69 5.76 3.36 1.87 1.06 1.11 1.37
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Table 2-8- Chemical Composition of Forest Based Ashes 

 

Regarding the different FBA mineral compositions, it can be seen that FBA 4 has 

a higher CaO content than the other ashes, which may lead to a latent hydraulic 

effect. A scanning-electron microscope (SEM) was used to test the forest-based 

ash specimens for their particle shape and size.   

Also, SEM was used to study the ashes to observe their particles, particularly their 

size. Nine particles of FBA 1, 6 particles of FBA 2 and 3 particles of FBA 3 were 

tested. The particles in FBA 1, FBA 2, FBA 3 and FBA 4 were more than 100 

microns and shapes were as follows: FBA 1 particles were spherical and book-

structured, FBA 2 particles were pin-like and spongy, FBA 3 particles were 

spherical, non-spherical and sheet-like and FBA 4 particles were spherical, 

FBA 1 FBA 2 FBA 3 FBA 4

Average Wt% Average Wt% Average Wt% Average Wt%

     Na2O 2.45 1.92 2.99

      MgO 5.81 3.45 5.21 1.94

    Al2O3 1.98 2.50 1.78 0.53

     SiO2 11.88 14.31 10.31 2.31

     P2O5 4.09 3.16 3.60 3.43

      SO3 25.60 28.03 31.02 18.47

      K2O 9.94 13.93 13.24 8.10

      CaO 36.00 29.99 29.72 63.03

     TiO2 0.22 0.28 0.19 0.22

      MnO 0.18 0.19 0.16 0.24

    Fe2O3 1.37 1.85 1.25 1.01

    Ni2O3 0.02 0.01 0.01

      CuO 0.02 0.01 0.01 0.02

      ZnO 0.30 0.23 0.39 0.50

     Br2O 0.01 0.01 0.01 0.02

      SrO 0.12 0.12 0.11 0.13

   Oxide:
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spongy and book-structured. The shapes of the ash particles are shown in Figure 

2-7, Figure 2-8, Figure 2-9 and Figure 2-10.  

 
2-7a 

 
2-7b 

Figure 2-7- SEM Test of FBA 1 

 
2-8a 

 
2-8b 

Figure 2-8- SEM Test of FBA 2 
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2-9a 

 
2-9b 

Figure 2-9- SEM Test of FBA 3 

 
2-10a 

 
2-10b 

Figure 2-10- SEM Test of FBA 4 

Particle-size analysis of the forest-based ashes was done by sieve analysis and 

particle-size analysis by Mastersizer instrumentation as shown in Figure 2-11. 

Laser diffraction measures particle-size distributions by measuring the angular 

variation in the intensity of light scattered when a laser beam passes through a 

dispersed particulate sample. The angular scattering intensity data is then 

analyzed to calculate the size of the particles responsible for creating the 

scattering pattern, using the Mie theory of light scattering.  
































































































































