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I 

 

A study of influence and applicability of modified fly ash obtained by flotation method 

on properties of recycled aggregate concrete 

 

ABSTRACT 

In general, this paper starts with the development of new flotation equipment to bring fly ash up to 

industrial standards by reducing the carbon content in fly ash. After those the mechanical and physical 

properties of concrete with different proportions and different aggregates are measured by different 

experiments, compared with normal concrete and an attempt is made to find out the connection 

between some of these properties. By comparing the measurements of compressive strength, drying 

shrinkage, static modulus of elasticity and dynamic modulus of elasticity of normal concrete with the 

predicted values of drying shrinkage of high strength concrete, it can be concluded that the application 

of fly ash in concrete after decarbonization using the new flotation method makes good results. The 

above results show that the application of MFAS prepared by the flotation method to concrete is 

feasible. 

CHAPTER 1 RESEARCH BACKGROUND AND PURPOSE OF THE STUDY focuses on the 

production of fly ash and the hazards, briefly describes the classification system of fly ash, and 

discusses the development status of the flotation method of fly ash.  

CHAPTER 2 PREVIOUS LITERATURE REVIEW mainly introduces the current status of research 

on fly ash concrete at home and abroad. The development of fly ash decarbonization technology is 

reflected through the development of fly ash flotation method and the international utilization of fly 

ash.  

CHAPTER 3 RESEARCH METHOD mainly describes the experimental methods of this study. It 

includes the development process of the flotation method and the design of the concrete mix ratio 

introducing the development method of the new equipment.  

CHAPTER 4 DEVELOPMENT OF FLOTATION DEVICE FOR REMOVING UNBURNT 

CARBON IN FLY ASH FOR USE IN HARDENED CEMENTITIOUS MATERIALS concluded that: 

We developed a prototype device for removing unburned carbon from fly ash by means of the flotation 

method and examined the operating conditions of the device ex-perimentally.  

CHAPTER 5 EFFECT OF INCORPORATING FLY ASH AND RECYCLED FINE AGGREGATE 

ON PROPERTIES AND CUMULATIVE PORE VOLUME OF CONCRETE concluded that: 

Incorporating RFA or low amount of FA as into concrete reduces its initial strength, but the 

compressive strength of concrete incorporating an appropriate amount of FA can reach that of 

concrete without FA as the age of concrete increases or the W/B ratio decreases. 

CHAPTER 6 A STUDY ON PROPERTIES, STATIC AND DYNAMIC ELASTIC MODULUS OF 

RECYCLED CONCRETE UNDER THE INFLUENCE OF MODIFIED FLY ASH concluded that: 

The relationship between the compressive strength and static modulus of elasticity is recommended 

by an equation derived based on the formula of each national standard.  

CHAPTER 7 STRENGTH AND DRYING SHRINKAGE OF HIGH-STRENGTH CONCRETE 

WITH RECYCLED AGGREGATES USING FLY ASH WITH THE FLOTATION OF 

DECARBONIZATION concluded that: By comparing the predicted formulas of various countries, 

the predicted formula of ACI is the closest to the actual value of this experiment.  
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1.1Background 

1.1.1 Production and harm of fly ash 

Fly ash is a type of mineral substance that has latent volcanic ash activity. It is obtained at coal-fired 

power plants by spraying pulverized coal with preheated air into the furnace for suspension 

combustion. Dust collectors then collect the high-temperature flue gas that results from this process. 

It is a solid waste that is produced in the process of burning coal, and it is formed as a result of a series 

of changes that occur in the minerals that are found in coal.. 

 

Picture 1.1 Fly ash [1]  

The value of fly ash is gradually being recognized by people as a result of the current situation both 

at home and abroad. In particular, the comprehensive utilization of fly ash has developed rapidly in 

recent years. This can be attributed to the fact that the situation is the same both at home and abroad. 

Asia has a very high per capita consumption rate for coal. The majority of the power plants burn coal 

as their primary fuel source. The growth of the power industry has led to the encouragement of joint 

ventures between the coal and electricity industries, which has also resulted in a significant rise in the 

amount of fly ash emissions. Exploitation brings about brand new difficulties.  
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Fig 1.1 Proportion of coal-fired power generation to total power generation from 1999 to 2018.[2] 

As a result of the situation that exists both in the United States and in other countries, people are 

gradually coming to recognize the value of fly ash. In particular, there has been a significant expansion 

in recent years in the use of fly ash in its comprehensive form. This is because the circumstance is the 

same both at home and in other countries where people are affected by it. Coal is consumed at a very 

high rate when compared to population in Asia. Coal is the primary fuel source for the vast majority 

of power plants, which can be found all over the world. The expansion of the power industry has 

encouraged joint ventures between the coal and electricity industries, which has led to a significant 

increase in the amount of fly ash emissions. This has also resulted in the encouragement of joint 

ventures between the coal and electricity industries. The exploitation of resources results in the 

emergence of brand-new problems.  

Table 1.1 Generation and utilization of fly-ash in different countries.[3] 

Country Fly-ash production (million 

tons per year) 

Fly-ash utilization (%) 

India 112 38 

China 100 45 

USA 75 65 

Germany 40 85 

UK 15 50 

Australia 10 85 

Canada 6 75 

France 3 85 

Denmark 2 100 

Italy 2 100 

Netherlands 2 100 

At the moment, population, resource depletion, and environmental damage are global problems that 

every nation must contend with. The environment is getting worse, the population is already quite 
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large, and there is already a lot of strain on the available resources. The comprehensive utilization of 

fly ash, which accounts for the largest discharge in terms of industrial waste residues, is a major issue 

with regards to the economy, the environment, and society. The pursuit of efficiency is not only an 

operational priority but also a long-term strategic issue for the sake of succeeding generations. 

 

Fig 1.2 Coal fly ash use in 2012 in the U.S. by application [4] 

Fly ash is a mineral-like industrial waste residue that possesses dormant pozzolanic activity. It is 

obtained by injecting pulverized coal into the furnace for suspension combustion with preheated air in 

a coal-fired power plant to produce high-temperature flue gas, and it is then collected by a dust 

collector. When pulverized coal particles are burned in the furnace, the temperature can reach at least 

1300 degrees Celsius, and the byproducts take the form of molten droplets. They are kept in suspension 

in the flow of air by the action of turbulence, and they undergo rapid expansion by the action of the 

many different gas components that are present in the flue gas. The external air pressure is evenly 

pressed to these droplets from all directions as they move to the low temperature section with the flue 

gas. As a result, their surface can bear with the maximum tension to form a spherical shape. The rate 

of cooling of small droplets is quick, and they form vitreous bodies. The rate of cooling of large 

droplets is slow, and crystals can form inside of them. Some of the droplets are entombed by gas, 

which then forms hollow spheres of varying wall thicknesses around them. The thin-walled hollow 

spheres have the potential to shatter into fragments if they are rapidly cooled. The finished product of 

fly ash formation is a heterogeneous mixture that has a consistent look and is composed of fine but 

uneven particles. 

There are roughly four stages involved in the production of fly ash, and they are as follows: 

The first stage is when the air blows the pulverized coal into the boiler at a high speed to start the 

combustion process. This causes the volatile components in the coal to first escape from the gap 

between the mineral and the fixed carbon, which results in the formation of porous carbon particles. 

The second stage is the complete combustion of organic matter contained within porous carbon 

particles, which, along with an increase in temperature, will cause the minerals contained within those 

porous carbon particles to become dehydrated, disassembled, and oxidized into inorganic oxides, 

which will ultimately result in the formation of porous glass. 

The third stage: as the combustion process continues, the porous glass gradually melts and shrinks 

due to the action of surface tension. As a result, the porosity of the glass decreases, the sphericity of 

the glass increases, and the particle size decreases, resulting in the formation of a dense molten sphere 
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with a high density and small particle size. Make the particles with a certain viscosity expand rapidly, 

or expand at a stable speed to form a hollow molten sphere. At the same time, combustion and 

gasification occur in the molten particles with less carbon and a low melting point, and the generated 

gas is discharged outward at different speeds. 

The molten sphere is expelled along with the flue gas during the fourth stage of the process. When 

it is rapidly cooled in the air, it solidifies into very fine spherical particles, which are then collected by 

the dust collection equipment for centralized discharge. These particles can be as small as a single 

atom. The physicochemical phase diagram of silicate indicates that the fourth stage of the process 

results in the formation of crystalline substances. 

 

Picture 1.2 Schematic layout of a coal-fired electrical generating station [1] 

As a form of fuel, ground pulverized coal is currently utilized in the boilers of contemporary thermal 

power plants. When pulverized coal is introduced into the furnace, the coal will be combusted into a 

fine particle fire mass in order to make the most efficient use of the heat energy it contains. Because 

different types of raw coal have varying amounts of ash in them, the ash that remains after combustion 

typically accounts for 15ï40 percent of the total quality of the raw coal. The fine-grained dust collected 

from the smoke exhaust system with dust collection facilities is called fly ash or fly ash. Fly ash 

accounts for about 70ï85 percent of the total mass of ash and slag, including some very fine particles, 

which are discharged into the atmosphere through the chimney opening. The other form of ash and 

slag produced by a pulverized coal boiler is known as bottom ash. Bottom ash is a coarse-grained dust 

that accumulates at the bottom of the boiler The other is the granular ash that is bonded in the furnace, 

which falls into the bottom of the boiler, and some form large blocks, which are broken and discharged 

from the bottom of the boiler, which is called bottom ash or ash, accounting for about 15 percent to 30 

percent of the total ash. The efficiency of the dust collection equipment determines the amount of very 

fine particles that are able to escape. Fly ash is a type of powdery mineral resource that is produced 

through an artificial process and does not occur naturally. It cannot be found anywhere else. Alternately, 

one could refer to it as a "renewable mineral powdery resource." According to the annual report of the 

United States Department of the Interior from 1974, coal ash is the seventh most abundant mineral in 

the country. 

The production of a large amount of fly ash requires the occupation of a large amount of land in 

order to construct an ash storage yard, and the cost of managing fly ash transportation, management, 

and maintenance accounts for a significant portion of the total. When the winds pick up, dust kicks up 
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everywhere, polluting the air and the environment. As a result, a significant amount of money and 

equipment must be invested in order to spray and reduce the amount of dust. 

The potential dangers posed by fly ash can be roughly categorized as water hazards, airborne 

hazards, and groundwater dangers. The extremely fine grain size of fly ash makes it easy for it to 

become airborne in the presence of wind and contribute to the formation of sandstorms and other forms 

of air pollution in the area surrounding landfills. The method that is currently used to treat fly ash is 

called landfilling, and the locations of landfills are typically chosen in low-lying areas such as 

mountains. 

More damage is done by runoff or by underground infiltration; the use of fly ash as a fertilizer 

additive will cause soil alkalization and compaction, resulting in a decrease in soil fertility. This is due 

to the fact that fly ash is an alkaline substance. 

Fly ash takes up a significant portion of the land, pollutes the water in rivers, lakes, and oceans, 

and causes significant damage to the ecological system and the soil. The proper way to get rid of fly 

ash 

It has become one of the most significant factors that impedes the growth of the power industry in my 

country. It is imperative to utilize fly ash in a comprehensive manner, and doing so is an important 

part of the strategy for sustainable development that our nation is pursuing. 

1.1.2 Classification and Decarbonization of Fly Ash 

The formation of fly ash is influenced by a wide variety of factors, and the characteristics of the various 

types of fly ash can vary greatly. It is necessary to classify fly ash in great detail for a number of 

reasons, including those having to do with the use of fly ash as well as the protection of the 

environment. 

Japanese Standard Classificationχ 

Table 1.2 Chemical Composition and Physical Properties of JIS 

Item Grade A Grade B Grade C 

Density, min, g/cmį 

 

- - - 

Specific surface, min, mĮ/kg 3000 3000 3300 

Initial setting time, min, 

min 
60 60 60 

Final setting time , max, h 10 10 10 

Stability 

Putt mehod fine fine fine 

Le Chatelier's law, 

max, mm 
10 10 10 

Compressive strength  

min, N/mmĮ 

3d 12.5 10.0 7.5 

7d 22.5 17.5 15.0 

28d 42.5 42.5 40.0 

Chemical requirements 

MgO, max, % 5.0 6.0 6.0 

SO3, max, % 3.5 4.0 4.5 

Loss on ignition, 

max, % 
5.0 5.0 5.0 
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American Standard Classification 

Table 1.3 Chemical Composition and Physical Properties of ASTM 

Item 

Fineness   

Amount retained when wet screened on a 45-um(No.325) sieve, max% 20 

Air content of slag mortar, max% 12 

Sulfide sulfur(S), max, % 2.5 

Slag activity index, min, % 
- 

7-Day Index 

Grade 80 é é 

Grade 100 75 70 

Grade 120 95 90 

28-Day Index     

Grade 80 75 70 

Grade 100 95 90 

Grade 120 115 110 

In China's national standard "Fly Ash for Cement and Concrete" (GB1596-91), the fly ash that is 

used as an admixture for concrete and mortar is also separated into three categories. These categories 

are determined based on the fly ash's fineness as well as its loss on ignition. grades: Class I fly ash has 

a sieve residue of less than 12 percent and a loss on ignition of less than 5 percent; Class II fly ash has 

a loss on ignition of more than 12 percent. 

Class II fly ash has a sieve residue of 45m square hole that is less than 20 percent, and it has a 

loss on ignition that is less than 8 percent. Class III fly ash has a 45m square sieve residue that is less 

than 45 percent, and it has a loss on ignition that is less than 15 percent. 

According to the state of the fly ash, it is possible to classify fly ash as either modified fly ash, 

which is also known as humidity-adjusting ash, or aged ash. This categorization is done in the context 

of fly ash backfilling. When talking about "modified fly ash," people are referring to the process of 

transporting freshly discharged fly ash to its final destination after first mixing it with some amount of 

water. 

Since the strength of fly ash after compaction increases with time, this type of fly ash is typically 

used for backfilling or soil reinforcement; in order to fulfill these functions, modified fly ash needs to 

meet particular strength requirements. 

Because it is generally believed that aged ash has relatively poor properties, there is no 

requirement for its strength, and it is generally only used for backfilling. Aged ash is typically stored 

for a significant amount of time before being put to use. The water molecules that are contained within 

aged ash make up its equilibrium moisture content. 

This classification is based on the self-hardening property of fly ash, but some researchers 

disagree with it. These researchers believe that old ash, not newly discharged fly ash, also possesses 

self-hardening properties, and therefore, this classification is incorrect. In point of fact, it is more 

appropriate to divide fly ash into dry ash, wet ash, and old ash according to the change in the moisture 

content of fly ash. Dry ash, wet ash, and old ash are all examples of ash. 

The term "dry ash" refers to newly discharged fly ash that has been stored for no longer than six 
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months and has a moisture content that is no higher than three percent. The amount of time spent in 

storage does not have a significant impact on the fly ash's properties when it comes to low calcium fly 

ash. 

Wet ash is a term that describes fly ash that has had a specific amount of water added to it during 

the discharge process. This type of fly ash also includes fly ash that has a moisture content that is lower 

than 3 percent after it has been treated. 

Chen ash is another name for fly ash that has been stored outside in the open air. Even if this 

particular kind of fly ash is expelled dry, it almost always has a very high moisture content due to the 

fact that it absorbs rainwater or any moisture that is present in the air while it is being stored. 

The equipment that is used is the primary determinant of the collection method for fly ash. 

Electrostatic dust collection is typically utilized by the equipment used for the collection of fly ash. 

Electrostatic precipitators are superior to mechanical precipitators in terms of their ability to 

collect fine fly ash particles. These finer densities of fly ash are better from the point of use, and 

electrostatic precipitators are superior to mechanical precipitators. nature. 

The collected fly ash from electrostatic precipitators can be separated into one, two, and three 

electric fields according to the difference in the electric field of the fly ash. The fly ash collected by 

the third-level electric field is of the finest particle size, making it an excellent mineral admixture for 

cement concrete. 

The carbon particles that are present in fly ash have a dampening effect on the activity of fly ash, 

which is the primary reason for the negative impact that these carbon particles have on the overall 

utilization of fly ash. The carbon particles lower the strength of the concrete; because of their low 

density, the carbon particles float to the surface during the process of slurry formation, which results 

in an uneven distribution of the concrete and cement; 

A theoretical foundation for the separation of fly ash can be found in the fact that coarse particles 

contain a higher concentration of carbon particles. The cyclone is able to separate the coarser particles 

from the finer ones. The fine particles contain very few carbon particles and are high-quality cement 

and concrete admixtures. The carbon particles are low in carbon particles. The carbon particles that 

are contained in the sorted coarse particles have a relatively high concentration, and these carbon 

particles are capable of being separated through additional sorting. The separated carbon particles have 

a higher added value because they can be used for adsorbents, catalyst carriers, and the production of 

carbon black. Wait. 

Fly ash is now considered to be just as important a component of modern concrete as cement, 

aggregate, water, and admixture. Fly ash has emerged as an essential part of modern concrete. However, 

the residual carbon in fly ash will adsorb air-entraining agents, which will have an effect on the frost 

resistance of the concrete. Fly ash is considered an impurity. 

This adsorption characteristic is a key factor in determining whether a certain fly ash can be used 

in concrete and the amount of ash that needs to be added to the concrete. The following three factors 

determine the amount of residual carbon that is adsorbed on the air-entraining agent: (1) the adsorption 

capacity of the fly ash is increased when the carbon content of the fly ash is higher; (2) the adsorption 

capacity of the carbon is increased when the specific surface area of the carbon is increased; (3) the 

adsorption capacity of the carbon is increased when the surface area of the small particles is increased, 

which in turn increases the available pore surface area and the adsorption capacity. In general, fly ash 
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with a carbon content that is higher than 5 to 6 percent (which is equivalent to fly ash that does not 

meet the standard for Class I ash in my country) is not suitable for the production of concrete, 

according to the experiences of people in other countries. Consequently, lowering the carbon content 

is very important in order to increase the utilization of fly ash in the manufacturing of concrete. 

Due to certain technical difficulties in economic combustion, the pulverized coal that is used in 

power plant boilers that burn anthracite or inferior bituminous coal is unable to be completely burned. 

This leads to an increase in the carbon content of the fly ash, which typically ranges between 8% and 

20%. Every year, millions of tons of coal are lost as a result of fly ash at power plants, which not only 

results in the wasteful loss of valuable coal resources but also creates a significant amount of waste. 

In addition, the large quantity of carbon that is present in fly ash causes an increase in the quantity 

of fly ash that is discharged. Furthermore, and this is of the utmost importance, the presence of 

unburned carbon in fly ash will make it difficult to make comprehensive use of fly ash. It is not 

conducive to the protection of the environment and has a negative impact on the development of fly 

ash resources. 

It is necessary to decarbonize fly ash in order to make full use of resources while simultaneously 

lowering the amount of carbon that is contained in fly ash. The flotation method can typically be used 

in conjunction with the decarbonization method. 

The difference in the hydrophilic properties of the surface of fly ash and coal core is exploited by 

the flotation method, which separates the two types of material. When a collector is added to the mortar 

(such as diesel oil, for example), the hydrophobic coal particles are infiltrated by the collector and then 

adsorbed on the air bubbles that are generated by stirring. Finally, the coal particles rise to the surface 

of the liquid to form a mineralized foam layer, which is carbon concentrate. Fly ash particles that are 

hydrophilic are not used in the tailings process. It is necessary to add an agent, known as a foaming 

agent, to the mortar in order to reduce the surface tension of the water. This is done in order to maintain 

the stability of the air bubbles. 

Fly ash is used in the electric separation method because it has a higher electrical conductivity 

than carbon particles, which allows it to separate more easily under the influence of a high-voltage 

electric field. This is the fundamental idea behind the electric separation method. Fly ash is a material 

that does not conduct electricity, whereas carbon particles are materials that are excellent conductors. 

In a circular corona electric field, when the fly ash acquires an electric charge, the carbon particles, 

which have excellent electrical conductivity, remove the charge as quickly as possible through the 

cylinder. This is because the carbon is positively charged. It is dislodged from the surface of the 

cylinder by the combined effects of gravity and the centrifugal force caused by its own inertia, and it 

is then deposited into the conductor product groove. The charge that was generated by the non-

conducting fly ash is slowly dissipated on the surface, and as a result, the cylinder is able to take in 

that charge because of the action of the electric field force. In order to separate the ash from the carbon, 

it is first brought to the back of the surface by the rotating cylinder, and then it is discharged into the 

non-conductor product trough by the discharge brush. This is done so that the ash and carbon can be 

separated. 
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Fig 1.3 Schematic of the cyclonic-static micro-bubble flotation column (FCSMC) system [5] 

As a result of research into the physicochemical properties of fly ash and carbon particles, we now 

know that the majority of the unburned carbon in fly ash is present in the form of monomer, the surface 

is hydrophobic and lipophilic, and it possesses good surface activity. This information was obtained 

through the study of the aforementioned properties. Make use of the carbon particles as well as the 

other fly ash particles. 

Through the use of froth flotation, it is possible to separate carbon particles from fly ash by utilizing 

the differences in the surface's physical and chemical properties (wettability). As a result of the high 

loss on ignition of the raw material fly ash, which can reach up to 13 percent, and the target that was 

determined by the experiment, the flotation method will be used to decarbonize the fly ash in this study. 

Flotation is a method for separating coal and other particles from one another based on the 

differences in the surface properties of the material in terms of both its physical and chemical 

composition. The first step in the flotation process is to thoroughly mix a predetermined amount of 

coal slurry with a predetermined amount of flotation agent in a mixing tank before introducing the 

mixture into the flotation machine. The coal particles run into the air bubbles and cling to them, quickly 

rising to the surface of the ore slurry to form a mineralized foam layer, which is then scraped off by 

the foam scraper to produce carbon concentrate; the hydrophilic particles that are unable to cling to 

the air bubbles remain in the water, and this is then discharged out of the machine as tail ash. This 

accomplishes the goal of sorting by separating the hydrophilic particles from the hydropho Flotation 

occurs at the two and three interfaces of solid-liquid, solid-gas, and liquid-gas phases, and it is carried 

out under the interaction of solid, liquid, and gas three-phase interfaces.. 
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Fig 1.4 The process of froth flotation.[6] 

Because of this, the flotation process is a very complicated physicochemical and hydrodynamic 

process, and the disparity in the degree to which the surfaces of coal and other particles can be wetted 

is a significant factor in the outcome of this process. Carbon particles in fly ash have a surface 

wettability and floatability that are comparable to those of coal. Additionally, the contact angle of the 

carbon particles is between 60 and 70 degrees, whereas the contact angle of the other particles is only 

about 10 degrees. Because other particles have smaller contact angles, the carbon particles used in the 

froth flotation process are the ones that are able to adhere to the surface of the bubbles and float to the 

top of the mortar, while the other particles are ineffective at doing either. 

The surface that is unable to adhere to the air bubbles is left in the mortar, and thanks to the action 

of the flotation agent, the wettability between the carbon particles can be increased. As a result, the 

carbon particles can be separated from other particles in an efficient manner. 

The surface properties of unburned charcoal in fly ash have become more complicated as a result 

of high temperature combustion and sudden water cooling. Although the surface wettability of 

unburned charcoal in fly ash is comparable to that of coal, the surface properties of unburned charcoal 

in fly ash have become more complex. It has undergone significant oxidation, which has increased the 

hydrophilicity of its surface. However, its flotation activity is lower than that of coal, which makes the 

recovery of its unburned carbon through flotation somewhat challenging. Therefore, in order to 

maximize the recovery rate when using foam flotation to flotate unburned carbon particles in fly ash, 

it is necessary to select excellent flotation reagents in order to improve and strengthen the physical 

and chemical properties of the flotation fly ash and its carbon particles. These improvements and 

strengthenings can be accomplished by selecting excellent flotation reagents. Experiments are used as 

a means of determining the various flotation processes and chemical systems in use during the flotation 

process. 

1.1.3 Research significance of fly ash concrete 

Fly ash has been the subject of both scientific inquiry and exploration ever since the turn of the 
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previous century. In 1914, the research conducted by Anon on the properties shared by fly ash and 

volcanic ash was presented in a paper that was published in the journal Engineering News in the United 

States. R. E. Davis was a pioneer in the research on the application of fly ash in concrete in 1937. As 

a result, this research ushered in a new era for the application of fly ash in concrete. 

Fly ash was only used in large-scale projects back then, and it was used in large-volume coagulation 

because technology and people's ideas had not yet advanced to the point where they could support 

such an endeavor. It has seen widespread application in the building of residential structures. After 

some time, it was eventually used in the engineering of structures and pavements. People have, over 

time, gradually realized that a significant quantity of fly ash can be utilized in this manner. It has been 

proven useful over the course of time as well. It has been discovered that adding fly ash to concrete 

can improve some of the properties of the concrete, and that turning fly ash into treasure can save 

some of the raw materials used to make concrete. This time period marks a pivotal point in the 

dissemination of concrete technologies with a diverse range of applications. In the same vein, water 

conservation projects in Europe, Asia, and other parts of the world frequently make use of fly ash 

concrete in their construction. 

People gained a better understanding of the characteristics of fly ash as time went on, particularly 

from the 1950s through the 1960s, and came to recognize it as a unique pozzolanic material during 

this period of time. The majority of researchers and specialists have devoted themselves to examining 

how fly ash is involved in the coagulation process. The action of the hydration reaction process. In 

later years, fly ash concrete gradually became more cost-effective, and academics working in the field 

of concrete increased their investigation into and testing of new fly ash concrete technologies. 

Throughout each stage of development, the theory of using fly ash in concrete practical technology 

was never articulated in a way that was clear. However, it does so in a way that serves as a point of 

reference for the thinking and development of later stages. Following the transition that took place in 

the 1960s and 1900s, members of the general public, in addition to concrete professionals and 

academics, started to gradually accept this novel material, fly ash concrete. At this point in time, the 

concrete technology that has been used in the construction of highway pavements has been initially 

qualitative, in addition to a reduction in water content. The theoretical development of fly ash as an 

additive to concrete has been significantly sped up as a result of the widespread application of the 

agent. The percentage of fly ash that is added to road concrete can reach up to about sixty percent, 

which is a significant amount of fly ash concrete right from the start. Some characteristics of the 

potential of fly ash 

Now let's take a look at the applications and benefits of fly ash, which mainly include the following: 

(1) As a cement substitute material to reduce the project cost; in project construction, the form of 

fly ash, pozzolanic activity, and micro-aggregate effect are typically used as a cementitious material 

to partially or excessively replace cement. In other words, fly ash, pozzolanic activity, and micro-

aggregate effect are used as a cement substitute (generally less than 30 percent ). Normal or everyday 

coagulation. When compared with regular concrete of the same strength, studies have shown that CO2 

emissions can be reduced by 10-15 percent when the cement replacement rate is 20 percent. This is 

the case even when the strength of the concrete remains the same. However, the expansion and 

utilization of this aspect is restricted due to the influence of the requirements placed on the quality of 

fly ash, the output, and the process of transporting it. 
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(2) Increase the early strength as well as the later strength after 90 days of age in order to meet the 

design strength; when used as a concrete admixture, silicon and aluminum are precipitated from the 

fly ash particles, and a hydration reaction takes place. This reaction promotes the increase in the long-

term strength of the concrete. The air separation method was used to obtain fine fly ash with a particle 

size of 45 nm in order to improve the working performance of the material; Naik [7] et al. improved 

the early increase in strength of fly ash concrete by changing the components, adding activators, and 

using other methods. 

(3) As a cement substitute material to inhibit the effect of coagulation temperature; research shows 

that only ten percent of the hydration reaction of fly ash coagulation is completed in twenty-eight days, 

and practically no effect occurs at the beginning of the aging process. The generation of hydration heat 

can be seen to be suppressed by replacing cement with fly ash, and as a result, the large seepage amount 

of fly ash is frequently used in large-volume coagulation engineering in order to reduce the possibility 

of temperature cracks. 

(4) Because of the properties of fly ash fines on their own, the workability of concrete can be 

significantly improved. 

(5) The incorporation of fly ash into concrete has the potential to increase the material's resistance 

to deterioration. In a later stage, it will act as part of the cementitious material to undergo hydration 

reaction, and part of it will play the role of micro-aggregate filling; both of these roles, when combined, 

increase the integrity of the interior of the concrete. In the earlier stage, it will act as part of the 

cementitious material to undergo hydration reaction. as well as its compactness, reduce the strength of 

the capillary channels present in the concrete, and block the passage of other substances. The addition 

of fly ash to concrete can improve its ability to resist the penetration of external substances, effectively 

increasing its durability. This effect can be achieved by improving concrete's ability to resist the 

penetration of external substances. 

The majority of the aforementioned research relies on the pozzolanic activity of fly ash as a 

cementitious material to replace cement; however, there is very little published research on fly ash as 

an independent material component that can be researched and analyzed. The results of the research 

have been analyzed, and the findings show that the strength properties of fly ash can vary, even when 

the conditions are the same, including the type of material and the ratio of ingredients. The proposed 

calculation methods and results of fly ash strength are primarily restricted by the conditions under 

which they were tested, and as a result, they are not widely used in practical projects. 

1.1.4 Effect of fly ash on properties of recycled concrete 

Mechanical properties: At this time, there are a great number of studies that have been conducted 

on the topic of the mechanical properties of recycled concrete made with fly ash, and a great number 

of conclusions have been drawn. The outcomes of the tests, on the other hand, varied quite a bit 

depending on aspects such as the manner in which fly ash was mixed, the locations from which 

recycled aggregates were obtained, and the percentage of recycled aggregates that were used to replace 

virgin aggregates. 

Researchers Kurda [8] et al. investigated the effects that varying amounts of fly ash had on the 

mechanical qualities of recycled concrete made with a hundred percent replacement rate of recycled 

coarse aggregate. According to the findings, the percentage of recycled concrete that is composed of 

fly ash contributes positively to the compressive strength of the material. The splitting tensile strength 
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decreases with an increase in the content of fly ash, and the decrease range is not very large. The 

strength reaches its maximum when the percentage of fly ash in the material is 10 percent; after that, 

the strength begins to decrease. The primary purpose of fly ash is to strengthen the interfaces of 

recycled concrete, which ultimately results in increased compressive strength. 

Pore was able to realize. Because of this chemical action, the bond between cement hydration 

products and aggregates can be strengthened, the occurrence and development of interfacial bond 

cracks can be prevented, and the performance of recycled concrete can be enhanced as a result. 

However, the amount of cementitious materials that are present in recycled concrete decreases as the 

quantity of fly ash that is used as a substitute for cement increases. 

The strength of recycled concrete starts to decrease once the percentage of fly ash used in 

replacement exceeds 10 percent, which is an indication that fly ash should be avoided. There is a limit 

to the modification of mechanical properties. Another group of researchers, B et al., arrived at the 

same verdict: the compressive strength of recycled concrete with 10 percent fly ash substitution is 11 

percent higher than that of recycled concrete without fly ash, and the compressive strength of recycled 

concrete with 20 percent fly ash is significantly higher still. When compared to recycled concrete 

without fly ash, recycled concrete with 10 and 30 percent fly ash has a compressive strength that is 

marginally inferior to that of recycled concrete without fly ash. 

Because the "pozzolanic effect" of fly ash can only be stimulated by the alkaline substances 

produced by the cement hydration reaction, the rate of strength development in recycled concrete 

mixed with fly ash is significantly slower than that of unmixed concrete. The authors B et al. utilized 

the fly ash excess substitution method in order to make a direct comparison between the 28-day 

strength of recycled concrete without fly ash and the 90-day strength of recycled concrete mixed with 

fly ash. The results of the test demonstrated that the compressive strength and split tensile strength of 

recycled concrete experience a slight decrease when the percentage of fly ash in the mixture increases. 

Kou [9] et al. conducted research to investigate how the mechanical properties of recycled concrete 

are affected by the replacement rate of recycled coarse aggregate as well as the replacement rate of fly 

ash. According to the findings of the study, the flexural strength of recycled concrete is impacted when 

the replacement rate of fly ash is lower than 35 percent. Specifically, the study found that the 

replacement rate of fly ash has a bearing on the issue when it is less than 35 percent. There is not much 

of an impact from the changes. In addition to this, the incorporation of fly ash into concrete has been 

shown to have some bearing, to a certain extent, on both the concrete's shrinkage performance and its 

fatigue performance. 

The amount of dry shrinkage that concrete experiences when different grades and quantities of fly 

ash are incorporated into the mix was investigated. The findings indicate that: fly ash containing a 

significant amount of substitution has a good inhibitory effect on the shrinkage of concrete; the 

inhibitory effect of grade I fly ash is obviously superior to that of grade II fly ash; and the results 

indicate that the shrinkage of concrete can be reduced by using fly ash with a higher grade. By 

performing a bending fatigue test on recycled concrete mixed with fly ash, and then comparing the 

results to those of an ordinary cement concrete test as well as an ordinary cement concrete test mixed 

with fly ash. It has been discovered that the fatigue performance of recycled concrete that has been 

mixed with fly ash is not significantly different from the performance of regular cement concrete. 

When there is less stress, there is not much of a difference. The recycled concrete that has been 
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combined with fly ash is completely resistant to the application of repeated loads. 

The incorporation of fly ash into recycled concrete will, in addition to having an effect on the 

concrete's mechanical properties, have the potential to enhance the microscopic pore structure of the 

concrete, increase the concrete's compactness, and improve the recycled concrete's ability to resist 

permeation. The researchers Guo [10] et al. utilized the chloride ion penetration test in order to 

investigate the impact that fly ash content has on the resistance of recycled concrete to chloride ion 

penetration. According to the findings, the chloride ion penetration resistance of recycled concrete 

gradually improves along with an increase in the amount of fly ash that is included in the mix. When 

there is only a small amount of fly ash present, recycled concrete has a high level of resistance to the 

penetration of chloride ions. 

The chloride ion natural diffusion test was used to investigate how much of an impact fly ash has 

on the level of resistance offered by recycled concrete to chloride ion penetration. It has been 

demonstrated that the incorporation of fly ash into a material can significantly enhance its resistance 

to the invasion of chloride ions; however, there is a maximum value of fly ash that can be incorporated 

into the material before its effectiveness begins to deteriorate. This maximum value falls somewhere 

between 10 and 30 percent. 

The resistance of recycled concrete to sulfate attack is improved by the incorporation of fly ash, 

which also has beneficial effects. They [11] believed that the ability of recycled concrete to resist 

sulfate corrosion was at its best when the replacement amount of fly ash was 15 percent, and the mass 

loss rate after corrosion resistance was not obvious. This was the case when the fly ash replacement 

amount was 15 percent. The structure of the interfacial transition layer in recycled concrete is an 

important factor that plays a role in the sulfate corrosion resistance of the material. When the 

appropriate amount of fly ash is added to recycled concrete, it is possible to uniformly disperse the 

Ca(OH)2 crystal structure, improve the microstructure of the cement-aggregate interface transition 

zone, improve the internal compactness of the recycled concrete, and effectively prevent the 

infiltration of sulfate. All of these benefits can be achieved through the addition of fly ash. Although 

adding fly ash to recycled concrete can improve its anti-chloride and anti-sulfate properties, this does 

not improve the recycled concrete's ability to withstand freezing temperatures. 

The frost resistance of recycled concrete was investigated by Li [12] and colleagues, who looked at 

how recycled aggregate replacement rate and fly ash content impacted the material. The findings 

revealed that the frost resistance of recycled concrete significantly decreased as the amount of fly ash 

used as a substitute for cement increased. In order to investigate the impact that fly ash has on the 

ability of recycled concrete to resist carbonation, recycled concrete was created using waste concrete 

as recycled coarse aggregate, and mineral admixture was also mixed in. After that, the carbonation 

resistance of the recycled concrete was analyzed. 

It is possible to significantly enhance the carbonation resistance of concrete that has been recycled. 

They also brought up the fact that the optimal improvement effect occurs at a fly ash content of twenty 

percent. The addition of fly ash to recycled concrete has the potential to lower the amount of heat 

released during the hydration process. On the one hand, fly ash can replace some of the cement, which 

lowers both the amount of cement required per unit volume and the amount of heat that is released 

during the hydration process. On the other hand, the secondary hydration reaction that fly ash 

undergoes has the properties of releasing less heat and taking a longer amount of time. As a result, the 
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amount of heat that is released by recycled concrete gets lower as the percentage of fly ash in the mix 

gets higher. 

1.1.5 The elastic modulus of fly ash concrete 

The Modulus of Elasticity, also referred to as Young's Modulus or simply E, is defined as "the ratio 

of the axial stress to the axial strain for a material that is being subjected to uni-axial load [13]." 

Concrete's Young's Modulus is one of the most important material properties because it is used 

throughout the entire process of structural design. This makes it one of the most important material 

properties overall. It is common for building specifications to demand that a certain value of E be 

attained in order to guarantee that the structural integrity of the building is satisfactory and to forestall 

deformations that are not satisfactory. One building in the United States that exemplifies this is the 

Two Union Square Building, which can be found in Seattle, Washington. The architect of the structure 

stipulated that the concrete's Modulus of Elasticity had to be at least 50 GPa [13]. 

When analyzing the deflection of a structure, Young's Modulus is always required to be calculated. 

The concrete structural members need to have an appropriate design in order to avoid lateral and 

longitudinal deformations and to guarantee that the applied loads do not go beyond the capacity of the 

concrete structural members. When concrete structures have already been built, it can be difficult to 

determine the in-situ properties of the concrete without causing damage to the structure. When trying 

to determine the compressive strength of a structure, it is common practice to load companion core 

samples to the point of failure before drilling them out. Despite the fact that there is an empirical 

relationship between the compressive strength and the modulus of elasticity of the concrete, the 

formula produces results that are excessively conservative. Choosing concrete with a strength that is 

significantly higher than the required strength can lead to increased costs associated with the material. 

 

Fig 1.5 Static elastic modulus [14] 

Estimating the Young's Modulus of structures that are already present in their environments can be 

accomplished with the help of a wide variety of dynamic non-destructive testing (NDT) methods. 

Methods such as ultrasonic pulse velocity methods, methods based on resonance frequency, and other 

wave propagation techniques are included here. The fact that the value of this dynamic modulus, Ed, 

is frequently discovered to be greater than that of the static modulus, E, is the source of the issue that 

arises when attempting to calculate Ed. Concrete's stress-strain relationship can be complicated due to 

the behavior of its gel structure and the way that water is held in concrete [16]. This can make the 

relationship more difficult to understand. By loading the concrete and determining the slope of the 
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stress-strain curve, one can calculate the static modulus of the material. When compared to the static 

loading, the methods of dynamic testing apply a very small amount of force. The concrete will not 

experience any further deformations as a consequence of the utilization of dynamic testing methods. 

This is considered to be the fundamental reason behind why the dynamic modulus almost always 

demonstrates itself to be greater than the static modulus. 

 

Fig 1.6 Static elastic modulus [15] 

As was previously mentioned, there are a variety of non-destructive approaches that can be utilized 

in the process of computing Ed. The non-destructive testing (NDT) methods that are utilized most 

frequently to ascertain Ed are the vibration resonance techniques and the pulse wave propagations 

techniques. It has been demonstrated that the ultrasonic pulse velocity method produces higher Ed 

values than the vibration resonance methods do, which are used to obtain the same information. It is 

also important to keep in mind that the shape of the specimen can have some bearing on the value of 

the dynamic modulus. In general, prismatic beams that go through the process of vibration resonance 

produce a higher dynamic modulus than cylinders that are cast from the same batch of concrete [16]. 

It turns out that the relationship between the Static Young's Modulus and the Dynamic Young's 

Modulus is quite complicated, and its nature shifts depending on a number of different aspects. There 

are a number of factors that can affect the correlation between Ed and E, including the type of concrete 

used, the size and shape of the specimens, and the testing procedures. 

As was stated earlier, Ed's identity can be established through the use of a variety of different 

dynamic-based tests. Pulse wave propagation and vibration resonance methods are the two most 

common forms of non-destructive testing (NDT) that are utilized in the process of determining Ed in 

concrete specimens. In this particular investigation, each of these methods will be put to use. An 

additional non-destructive testing (NDT) method that is widely utilized to compute the static modulus, 

E, involves computing the compressive strength of concrete and applying loads to cylindrical concrete 

specimens that are up to 35 percent of the strength. As a result of advancements in technology, non-

destructive testing (NDT) and evaluation methods are becoming more popular and simpler to employ. 

The utilization of these non-destructive testing (NDT) techniques can be used to determine Young's 

Modulus, as well as the uniformity of the concrete, voids, discontinuities, and other concrete properties, 

in addition to determining Young's Modulus. Testing that is not destructive is utilized quite frequently 
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in a variety of contexts and with a wide range of materials, including steel, timber, and composite 

elements. 

1.2 Purpose of this study 

As part of this investigation, we developed a prototype of an unburned carbon removal device that 

utilizes the flotation method to separate unburned carbon from fly ash. The first goal is to develop a 

simple floatation separation apparatus that is capable of efficiently separating materials that need to 

be treated. The second goal is to develop a simple floatation separation method that is capable of 

efficiently separating unburnt carbon that is contained in fly ash. Both of these goals will be 

accomplished if we are successful. The third goal is to devise an easy manufacturing method for 

efficiently producing a cement mixture by making use of high-quality fly ash that has a reduced 

amount of unburnt carbon content. We investigated the conditions of operation as well as the size of 

bubbles that were appropriate for removal. We investigated how the environmental factors impacted 

the rate of carbon removal and made adjustments to the system accordingly. Since the amount of 

unburnt carbon in the fly ash slurry that was obtained in this manner was reduced to an adequate 

degree, unburnt carbon-related issues almost never occur, even when a large amount is used. 

Therefore, it is worthwhile to investigate whether or not such fly ash slurry can be used as various 

raw materials in large quantities. As a result, the mechanical and physical properties of concrete 

containing 15 or 30 percent fly ash, as well as modified fly ash slurry (MFAS) with unburned carbon 

removed using our apparatus, were evaluated and compared. The challenge of implementing 

sustainable development while also protecting the environment in the immediate area is a common 

one. The construction of a large number of homes, roads, and other structures is a necessary part of 

both industrial and urban development. This has a significant negative impact on the surrounding 

environment. It is possible to lessen environmental deprivation and increase the use of renewable 

resources if natural gravel and cement are mixed into the concrete that is used in building projects. 

There has been a significant amount of research carried out in which each of these materials has 

been replaced by itself; however, there is still a need for investigation into the physical and 

mechanical properties of concrete produced using both RFA and FA. This study makes a contribution 

to the ongoing conversation on the subject by concentrating on the compressive strength and drying 

shrinkage of concrete mixtures that include both RFA and FA. Following an investigation into the 

characteristics of RAC, a straightforward linear regression was carried out with the gathered data. To 

determine the optimal interval division for the correlation, the correlation coefficients that exist 

between the cumulative pore volume of the concrete at varying pore diameters and the compressive 

strength or drying shrinkage of the concrete were calculated. This allowed for the determination of 

the optimal division of the interval. The objective of this research project is to establish empirical 

relationships between the Static Young's Modulus, E, and the Dynamic Young's Modulus, Ed, for a 

variety of concrete mixes that are typically put to use. In order to develop this relationship, it is 

essential to make use of a variety of different dynamic Non-Destructive Testing techniques, such as 

ultrasonic pulse velocity and impact resonance frequency. In addition, a connection needs to be 

established between the Ed values obtained from the UPV and the Ed values obtained from the 

frequency analysis of the Impact Resonance. In-house castings will be done with four distinct types 

of concrete mixes (slag, flyash, ordinary Portland cement, and self-consolidating concrete) in order 

to ascertain the aforementioned characteristics of the finished product. The accuracy and validity of 



CHAPTER 1: RESEARCH BACKGROUND AND PURPOSE OF THE STUDY 

20 

 

the analysis will then be determined based on a comparison of these empirical relationships to other, 

similar analyses that have been carried out by a variety of researchers. These values will be 

compared to the ones obtained from the Static Modulus Test, and the compressive strength will be 

used to estimate the Young's Modulus using the ACI equations. 

1.3 Research structure 

 

Figure 1.7. Research flow chart of the thesis 

1.4 Innovation of this study 

This paper presents the development and application of an innovative flotation machine for the 

removal of carbon from fly ash. In place of the conventional froth flotation process, micro-bubble 

technology is used. This results in an increase in the flotation efficiency of fly ash and a decrease in 

the carbon content of tail ash. As a result, the modified fly ash that is obtained from this process is 
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able to satisfy the requirements of Japanese industrial standards regarding its chemical and physical 

properties. At the same time, the carbon that is produced during the flotation process is collected, 

which not only helps to save energy but also makes the utilization of carbon a more environmentally 

responsible and efficient process. In order to demonstrate the viability of using modified fly ash in 

construction projects, modified fly ash was mixed in with recycled aggregate and Portland cement 

was substituted for it in the concrete. Experiments on mechanical properties and durability properties 

were carried out to compare the effect of ordinary fly ash, and experiments on porosity were carried 

out to study the relationship between porosity, compressive strength, and drying shrinkage in order 

to explain the effect of fly ash on recycled concrete. At the same time, the static elastic modulus and 

the dynamic elastic modulus of this concrete were measured and compared with the norms and 

standards of a number of different countries in an effort to come up with an empirical formula that is 

appropriate for modified fly ash recycled concrete. At the same time, an effort is made to make a 

prediction regarding the development of the concrete's strength using the concrete's static and 

dynamic elastic moduli as the basis. In conclusion, use the porosity of the material as a link in your 

search for the connection between the elastic modulus and the drying shrinkage. In a nutshell, the 

purpose of the experiments was to validate the utilization of the modified fly ash that was generated 

by the latest iteration of the fly ash flotation machine in recycled concrete. 
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2.1 Research status of Fly ash flotation method 

2.1.1 Research status of Fly ash 

In 2016, the global fly ash was about 1.143 billion tons, with an average utilization rate of 60%: of 

which China was about 600 million tons, with a utilization rate of 68% to 70% (comprehensive 

utilization was 408 million tons); the United States was about 400 million tons. 4 million t, the 

utilization rate is 54% (23.76 million t comprehensive utilization); Japan 12 million t, the utilization 

rate is close to 100%; EU 40 million t (all coal-fired solid waste in EU 15), the utilization rate is 90% 

( The comprehensive utilization is 36 million tons); India is 169 million tons, the utilization rate is 63% 

(the comprehensive utilization is 106 million tons).[1-2] 

 

Fig 2.1 Production of fly ash in EU [2] 

The change of fly ash production and utilization rate in Japan in recent ten years is shown in the 

figure. The growth trend of solid waste output of coal-fired power plants has eased, but the 

comprehensive utilization of solid waste has not increased significantly and has basically remained at 

the original level. This is mainly because: On the one hand, with the increase in the proportion of new 

energy power generation, the traditional The coal-fired power generation is constrained; on the other 

hand, many "high value-added" comprehensive utilization of fly ash at home and abroad has not been 

industrialized and popularized at this stage. 
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Fig 2.2 Generation of coal ash in Japan [3] 

The comprehensive utilization of fly ash in each country depends on the output of fly ash in each 

country, the development of process technology, environmental protection requirements, scarcity of 

raw materials, industrial structure and other factors. The comparison of the main comprehensive 

utilization methods of fly ash in major countries and regions is shown in Table 1 [4-6].  

Countries basically focus on the application of building materials, while the application choices in 

other ways are affected by the policies and industries of various countries; in terms of high value-

added utilization, only Japan has a relatively large proportion of the utilization rate [7], which is due 

to the fact that Japanôs own raw materials Due to the constraints, fly ash has been developed into 

various materials to replace raw materials. 
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Fig 2.3 Main utilization ways of fly ash in various countries [7] 

Japan's main utilization method is cement, accounting for 67.12% of Japan's comprehensive 

utilization of fly ash. Although Japan's comprehensive utilization of solid waste is rich and advanced, 

due to the large shortage of various raw materials in Japan, and due to residents It is opposed to the 

accumulation of fly ash in landfills, so the comprehensive utilization rate of various solid wastes is 

high, and it is basically used to supplement building materials, and the rest is used as road subgrade 

materials, fertilizers, and foundation improvers [8]. 

In the field of high value-added utilization, Japan applies fly ash in the manufacture of anti-corrosion 

additives [9], sludge curing agents [10], materials for iron-making industry [11], polymer material 

fillers, etc. [12]. The U.S. Environmental Protection Agency (EPA) divides the utilization of fly ash 

into two aspects: Encapsulated beneficial use (mainly building materials) and Unencapsulated 

beneficial use (structural filling and embankment). EPA has released the feasibility assessment 

methods for the utilization of solid waste in coal-fired power plants in the above two application fields, 

"Methodology for evaluating encapsulated beneficial uses of coal combustion Residuals" and "Coal 

combustion residual beneficial use evaluation: Fly ash concrete and FGD gypsum" wallboard", which 

is used to better guide the application of fly ash in these two fields [13-14]. Europe mainly focuses on 

two factors in solid waste policy and utilization: environmental protection and resource utilization. 

Due to the low solid waste production in the EU and the lack of building materials raw materials, more 

than 95% of fly ash is used in the field of building materials and infrastructure [15]. 

1) The Japanese government and banks will give special concessions with high financing rate (40%) 

and low interest rate (1.9%) to the general industries that use fly ash processing equipment, which will 

economically improve the comprehensive utilization of ash-producing units. China and other countries 

have no preferential policies in this regard [16]. 

2) Developed countries have significant flexibility in both policy adjustment and standard 

formulation, which can be adjusted in time according to market and technical conditions in order to 

better promote the comprehensive utilization and use of fly ash and gypsum. 

3) In the promotion of comprehensive utilization of fly ash abroad, the participation of private 

institutions is relatively high, such as the American Ash and Slag Association and the American 

Electric Power Research Institute. In China, the government takes the lead, and the research units and 

research institutes of enterprises in various industries are the technical research units to promote the 
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comprehensive utilization of solid waste [17]. 

4) In China, especially in the western region, policy guidance has a huge impact on the 

comprehensive utilization rate of solid waste, which can significantly increase or reduce the 

comprehensive utilization rate of solid waste, reflecting the singleness of comprehensive utilization of 

solid waste in my country and the high degree of policy dependence [18]. 

2.1.2 Decarbonization technology of fly ash 

Unburned carbon extraction techniques from coal fly ash. A number of technologies (both wet and 

dry) for recovering unburned carbon from coal fly ash have been developed, and there are several 

possibilities for beneficiating coal fly ash to lower the LOI value. Sieving, gravity separation, 

electrostatic separation, froth flotation, and oil agglomeration are some of the current technologies 

for separating unburned carbon from fly ash. The next sections will go over the main techniques for 

separating unburned carbon from fly ash. 

In view of the limitations of dry decarbonization technology and the difference in surface 

properties between unburned carbon and ash particles, flotation is still the most widely used 

technical approach for the removal of unburned carbon from fly ash. A lot of work has also been 

done in this regard. 

(1) Electro-separation decarbonization technology 

The basic principle of electro-separation decarbonization is to realize the separation according to 

the difference of the charged properties between the unburned carbon particles and the ash particles 

in the fly ash. The current triboelectric separation decarbonization devices have different forms, but 

they have a consistent working principle, which can be described as follows: first, the dispersion of 

fly ash particle groups is usually carried out by means of strong air flow; the second is the 

electrification of the particles  

The process is mainly realized through the collision between particles and triboelectric plates or 

between particles, so that unburned carbon particles and ash particles are charged with different 

charges; finally, the charged fly ash particles are passed through a certain The particles are 

transported to the electrostatic separation chamber with two different polar plates, and the particles 

with different charge signs are adsorbed to different polar plates in the electrostatic field, so as to 

realize the separation. American Separation Technology Corporation (STI) has developed a fly ash 

triboelectric separation decarbonization device with a processing capacity of 20t/h [61]. 
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Fig.2.9 Electro-separation 

Its core components are two electrode plates arranged in parallel and an open belt made of 

polymer material. When the unburned carbon particles and the gray matter particles carry different 

charges through the parallel electrode plates, the strong agitation of the belt and its Under the 

cleaning action of the plate, particles with different electrical properties are collected at both ends. 

Using this equipment to treat raw ash with a loss on ignition of 6.59% from a power plant in 

southern Italy, three products can be obtained: low carbon ash yield of 86.56%, loss on ignition of 

3.12%; medium mineral yield of 7.52%, loss on ignition of 13.48 %; the yield of refined carbon is 

5.92%, and the loss on ignition is 48.90%. 

R. Ciccu et al. [63] used the process of classification and electrostatic separation of coarse-grained 

products to treat unburned carbon in fly ash. The development of this process is closely related to the 

particle size distribution characteristics of unburned carbon. The unburned carbon content of the 

high-grade fly ash product is low, which can meet the requirements of direct utilization.  

(2) Flotation and decarburization technology 

O. Sahbaz et al. [19] used Jameson flotation column to conduct a sorting test study on the fly ash 

of a power plant in Turkey for the purpose of carbon extraction. Through the optimization test of 

process parameters, the equipment can achieve a loss on ignition from about 10%. The refined 

carbon product with ash content of 44% is extracted from the original ash product, and the carbon 

recovery rate is 67.5%.  
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Fig 2.4 A schematics of the laboratory scale Jameson cell unit.[19] 

U. Demir et al. [20] used a traditional gas-filled countercurrent flotation column to study the 

flotation carbon extraction of raw ash products with a loss on ignition of 22.4%. Under the optimized 

test conditions, refined carbon with a calorific value of 3840kcal/kg could be obtained. product, the 

carbon recovery rate reached 53.8%.  
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Fig. 2.5 Schematic diagram of flotation column [20] 

E. Emre Altun et al. [21] conducted an experimental study of fly ash flotation decarbonization by 

using a new type of downstream flotation column from the perspective of equipment application, 

which is characterized by the use of static mixer-type bubble generation. device.  

Under the optimized test conditions, the equipment can recover nearly 95% of the unburned 

carbon in the fly ash, and the loss on ignition of the low carbon ash is reduced from 5.9% of the 

original ash to less than 1%, realizing the efficient removal of the unburned carbon. 

M. Niewiadomski [22] et al. used an air jet cyclone flotation device to recover fine unburned 

carbon from power plant fly ash in Gdansk, Poland. The research shows that the refined carbon 

product with ash content of 35% can be extracted from raw ash with loss on ignition of 15.5% by 

using this equipment, and the recovery rate of combustibles is 54.3%.  

The above researches on fly ash flotation decarbonization are mostly carried out for the purpose of 

resource development or application of new equipment. So far, no one has been found in the 

literature to study the characteristics of fly ash flotation system. The common characteristics of fly 

ash flotation decarbonization process are also the basis for the problems and research ideas of this 

paper. 

In the mineral processing and coal preparation industries, froth flotation is now the most extensively 

utilized separation technology [23]. In a lab setting, a typical Denver flotation cell was employed to 

remove unburned carbon from fly ash [24].  








































































































































































































































































































































