© 2023 INRD | Volume 8, Issue 8 August 2023 | ISSN: 2456-4184 | IINRD.ORG

IJNRD.ORG ISSN : 2456-4184 -

2= INTERNATIONAL JOURNAL OF NOVEL RESEARCH

’-

v 2 o5 AND DEVELOPMENT (IJNRD) | JNRD.ORG

RD Anlnternational Open Access, Peer-reviewed, Refereed Journal

Researe! h Through Innovation

A SHORT REVIEW ON FLY ASH AS
REINFORCEMENT MATERIAL FOR METAL
MATRIX COMPOSITES

IKarthik Thimmaiah S.D, *Aatifa Khanum, *Hemashree M.S.A,

’Praveen Kumara B M

Hstudent at Vidyavardaka college of Engineering, 2Assitant professor at Vidyavardaka college of Engineering.
!Mechanical Department
lvidyavardaka college of Engineering, Gokulam, Mysuru, Karnataka, India

Abstract : A by-product of coal power plants is called fly ash. Managing this industrial process over the previous two decades for
many developing nations, garbage has presented significant difficulties. However, this threat has a wide range of industrial uses,
including civil, automotive, and aerospace applications. In recent years, the use of fly ash as a feedstock material for numerous
thermal spray processes has grown significantly. Fly ash has been employed as a reinforcement material in the aerospace industry
and as a thermal barrier coating for IC engines in the automotive sector, which both require lighter and stronger materials. The
morphology and chemical makeup of fly ash particles of various sizes from the cenosphere (hollow) and precipitator (solid) offer
an overview in this work. In vehicle, aerospace, and other commercial applications, aluminium alloy reinforced composite materials
are frequently employed. Aluminium composites are a lightweight material that offer exceptional features such high specific
strength, specific modulus, stiffness, heat resistance, and environmental friendliness. As a result, they are employed extensively.
These situations require us to improve and boost physical and mechanical qualities while lowering the cost and weight of the
composites. The impacts of varied fly ash reinforcement on the mechanical properties of various matrixes of metallic alloy have
been thoroughly examined. It is also investigated how well metal matrix FA composites resist wear and corrosion. The prospective
uses of FA-filled composites are used to discuss future perspectives in this subject.

IndexTerms - Fly ash, Metal matrix composites, Application.

1. INTRODUCTION
Fly ash (FA), bottom ash, boiler ash and flue gas desulfurization gypsum are the four main coal
combustion products produced in coal-fired power plants.
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Figure 1: By products of combustion of coal [ 9]
About 40% of the waste produced by coal burning is FA. Using electrostatic precipitators or collectors made of filter fabric. Firstly,
FA is a fine residue that is extracted from the flue gases. FA can be divided into three groups based on chemical composition in
accordance with the ASTM C618-19 standard, secondly FA is mostly used in cement, which is nonhazardous. Thirdly Other uses
for FA include soil stabilization, structural fill, mineral filler for asphalt roads, flowable fill, geopolymers, bricks, waste treatment,
and composites reinforcement. The products that utilize FA are labelled as environmentally friendly and green products [1]. Cast
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composites have enormous potential for use, particularly in the fields of transportation, energy, and electromechanical machinery.
Widespread use of composites can result in significant material and energy savings as well as, in some cases, a decrease in
environmental pollution. The aerospace industry is particularly interested in metal matrix composites as lightweight materials
because of its enhanced modulus, strength, and resilience to fatigue and fracture at both low and high temperatures. Due to its high
specific strength, high stiffness, low density, and good wear resistance, discontinuously reinforced metal matrix composites (MMC)
are becoming more popular in the automotive, aerospace, and energy industries [2]. Fly ash recycling is a pressing topic since
thermal power stations' storage and disposal of this waste product from coal combustion could have a severe impact on people's
health and cause serious environmental problems. However, the expensive nature of aluminium Metal Matrix Composites (MMCs),
reinforced with ceramic particles like SiC and AI203, has restricted their use in a number of engineering applications [3]. In light
of several applications over the past ten years, aluminium has emerged as the non-ferrous metal of choice across a variety of
industries. However, due to its low hardness, low melting point, and low wear resistance, its applicability is restricted. Both alloying
and reinforcement with additional hard particles can be used to get around these restrictions. Due to their versatility, AMMCs have
been quickly replacing pure aluminium during the past few decades. Due to their higher mechanical strength and stability in difficult
environment circumstances as compared to other materials, AMMC's applications in many sectors (aircraft fittings, marine fittings,
hinge pins, brake pistons, hydraulic pistons, etc.) have expanded. By including the appropriate reinforcements, as reported by
numerous researches, the desirable properties of the AMMCSs can be attained [4]. But the process of making AMMC’s are expensive
due to high cost of reinforcement materials. That’s where fly ash comes in. Fly ash is an industrial organic reinforcement material
that is readily available in large quantities at low cost as it is a byproduct of combustion of coal which happens to be the highest
used fossil fuel. Fly ash comes in two types, i.e., precipitator and Cenosphere each having a density range of 2.0-2.5g -cm”-3 and
<1 g-cm”"-3 respectively. The former is used as reinforcement to make MMC’s have improved stiffness, wear resistance and
strength. The former can be used to fabricate ultra-light composite materials (main around a density of <0.5 g-cm”-3). Cenosphere
if looked into might become the lowest cost fillers in terms of cost per volume. Fly ash reinforced metal matrix composites are
created through the chemical reaction between metallic matrix and fly ash, which unexpectedly changes the chemical makeup and
microstructure of the metallic matrix and, as a result, the properties of the composite. In order to determine the potential reactions
and reaction rates between fly ash and molten matrix alloys, it is necessary to understand the structure, components of the distinct
classes (C and F), including the specific crystalline compounds, as well as the makeup of the amorphous glassy phase. The stability
of fly ash augmented metallic matrix during synthesis and holding at high temperatures depends critically on the pace of these
reactions [5].

The possible chemical reactions, Egs. (1) and (2) between molten aluminium and SiO2 and Fe203 are [6,7]:

2AL(L) + 2/3SiO2 (s) = 3/2Si(s) + AL20s, (@)

2AL(L) +Fe03(s) = 2Fe(s) + AL20s3 (5). (2)

Al-Mg alloy was used to analyze the morphology and structure of the fly ash-based composite. It has a regulated coefficient for
various material compositions. Due to the inclusion of various fly ash volume fractions, the geo polymer's compressive strength
and microstructure have changed. The features of fly ash and their composition have been crucial to the mechanical and thermal
behavior of the composite [8].

1.1 COMPOSITION OF FLY ASH.

Black carbon that has been partially or completely burned and crystalline and glass mineral components in the inorganic amorphous
phase make up the majority of the FA's mineral composition. FA is divided into primary, secondary, and tertiary phases based on
the formation time. There is no change in the primary stages. Secondary stages including oxides and silicates are created during the
burning of coal. In addition, the movement of FA containing portlandite and gypsum produces the tertiary phases. Trace elements,
silicon, oxygen, calcium, aluminium, carbon, iron, magnesium, potassium, hydrogen, titanium, sodium, phosphorus, nitrogen, and
barium are the main constituents of FA. The production of inorganic materials is impacted by the FA particle cooling rate [9].

ELEMENTS (COMPOUNDS) CONTENT, % By Mass [8] CONTENT, % By Weight [10]
Silica (SiOy) 51.57 59.00
Alumina (Al,03) 22.57 21.00
Iron (Fe;O3) 14.91 3.70
Calcium (CaO) 4.82 6.90
Magnesium (MgO) 1.74 1.40
Sulphur(S03) 1.00 0.99
Loss in Ignition 3.56 4.62
Na,0 +K,0 0.68 0.9

Table 1: Components of fly ash [ 8 & 10]
According to the American Society for Testing and Materials, FA was divided into two primary groups: class C and class F fly ash.
Class F fly ash is produced when bituminous or anthracite coal is burned, and it is pozzolanic. SiO2, Al203, and Fe203 must make
up more than 70% of the total. Sub-bituminous or lignite coal burning produces cementitious, pozzolanic class C ashes. The ASTM
specifies that the combined content of Fe203, Al203, and SiO2 must be greater than 50%. The majority of the characterization
methods for FA classes C and F are based on the concentration of metal oxides.
However, FA with above 20% calcium oxide was categorized as class C, while FA with less calcium was categorized as class F

[9].
2.METHODS OF MAKING FLY ASH REINFORCED MMC’s.
2.1 Stir casting method

The stir casting technique includes continuously stirring the melt, exposing the melt surface to the air, which tends to
continuously oxidize the aluminium melt. The wettability of the aluminium decreases as a result of ongoing oxidation, and the
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reinforcement particles do not combine. Al203 is an extremely stable chemical molecule that cannot be decreased under usual
circumstances, maintaining its wettability in melt. It takes a lot of work to generate an inert environment, which is necessary to
entirely stop the oxidation. For the manufacture of AMCs and HAMCs, adding wetting agents such TiK2F6, borax, and magnesium
to the melt offers an alternative solution to this issue. Obtaining homogenous dispersion of particles in the melt is another significant
issue that usually arises in the stir casting process, which is regulated by stirring parameters, aside from the oxidation problem. As
a result, the choice of stirring parameters is crucial to the stir casting process. The distribution of the reinforcements in the matrix
is largely influenced by the speed, duration, angle, size, and position of the impellers as well as their blades [11]. Fly ash is a
material that is used as reinforcement material in this process. Based on the requirement a suitable type and class of fly ash is chosen
to get the anticipated output.
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Figure 2: Stir casting method [12]

Example: Preparation of Al6061/AI203/Fly-ash composite material:

Stir casting was used to create the AA 6061/AI203/Fly-ash composite material depicted in Figure 1. In a muffle furnace, the AA
6061 matrix material was first melted. Fly-ash and AI203 ceramic particles were heated first before being combined with the AA
6061 matrix material. At a temperature of 700 °C, preheated reinforcement particles were combined with melted AA 6061 matrix
material [13].

2.2 Squeeze casting method:

Squeeze casting, a cross between low pressure and high-pressure casting, has the potential to totally eliminate the gas flaws
linked to HPDC and to enable heat treating the castings. In squeeze casting, laminar flow is maintained by slowly pouring metal
into the die. Once the cavity is full, the melt is under pressure that is raised to over 100 MPa and kept there while the casting is fed
to account for shrinkage until the casting has hardened. In order to prevent the gates from freezing before the casting in the cavity
has solidified and to ensure feeding the shrink during solidification, the die design for squeeze casting is different from that for die
casting and contains thick gates and a large shot end biscuit [14].

ILaunder Punch
—— Die
Cartridge
heater —
| +— Ejector

Figure 3: Squeeze casting method [15]

EXAMPLE: Al-Cu alloy reinforced fly ash MMC by squeeze casting:
To create specimens, a squeeze casting apparatus was built. Cast iron was used to create the die, and tool steel was used to create
the plunger. An electrically resistance heated furnace was used for melting the basic alloy, degassing, and adding particles. The
melting of the matrix alloy was done in a graphite crucible, where the addition and blending of the particles created the melt. For
unreinforced matrix alloy and composites, a constant 120MPa pressure was applied during squeeze casting operations. Al-
4.5wt%To compare the qualities with squeeze cast unreinforced alloy, Cu alloy was additionally created using the gravity die

casting technigue into a cast iron mold heated to about 380°C. Al-4.5wt%Due of its broad commercial use, copper alloy was
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chosen as the matrix alloy. Additionally, 0.5wt% Mg was added to the matrix melt to improve casting fluidity and wetting
between fly ash particles and the matrix. Table 2 provides the chemical composition as determined by a Bairdas DV-6S optical
emission spectrometer [16].
Mg Si Fe Mn Ni Pb Sn Ti
0.061 0.52 0.59 0.13 0.06 0.03 0.02 0.012
Table 2: The chemical composition of the alloy matrix (in wt %) [16]

Zn Al

Cu
0.12 Balance

4.15

3. MECHANICAL PROPERTIES:

Sl.

No.

References

Composite Fabricated

Properties investigated

Method of making

[22]

Al359(92.5%) +
SiC (5%) +
Fly Ash (2.5%)

Vickers’s Hardness Test
=102.33(HV)
Ultimate tensile strength
=211.4 Mpa
Yield stress
=149.9 Mpa
Max Tensile Load
=18.31 KN

Stir casting

[22]

Al359(85%) +
SiC (5%) +
Fly Ash (10%)

Vickers’s Hardness Test
=80.33(HV)
Ultimate tensile strength
=174.08 Mpa
Yield stress
=128.63 Mpa
Max Tensile Load
=14.68 KN

Stir casting

[23]

AI7075 (96 wt%) +
Fly Ash (3 wt%) +
Graphite (1 wt%)

Rockwell hardness test
=49 RHN
Ultimate tensile strength
=233.09 Mpa
Volumetric wear rate at
varying loads (*10® Kg/m)
1Kg=1.18
2Kg =1.97
3Kg =252
Theoretical density
=2.78*10% Kg/m®
Experimental density
= 2.495*10° Kg/m®

Stir casting

[23]

AI7075 (90 wt%) +
Fly Ash (9 wt%) +
Graphite (1 wt%)

Rockwell hardness test
=58.4 RHN
Ultimate tensile strength
=253.64 Mpa
Volumetric wear rate at
varying loads (*108 Kg/m)
1Kg = 1.08
2Kg =1.66
3Kg=1.90
Theoretical density
= 2.76*10° Kg/m?
Experimental density
= 2.479*10° Kg/m?

Stir casting

[24]

Al-Mg-Si-T6 (hybrid alloy)
(95 wt%) +
Fly ash (5 wt%)

Tensile Strength
= 165 N/mm?(approx.)
Compression Strength
=157 N/mm? (approx.)
Rockwell Hardness test
=57.5 RHN (approx.)

Stir Casting
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Density
= 2.685 g/cc (approx.)
6. [24] Al-Mg-Si-T6 (hybrid alloy) Tensile Strength Stir Casting
(90 wt%) + = 185 N/mm?(approx.)
Fly ash (5 wt%) + Compression Strength
Boron Carbide (5 wt%) =218 N/mm? (approx.)
Rockwell Hardness test
=61 RHN (approx.)
Density
= 2.672 g/cc (approx.)
7. [25] Al 6063 (95%) + Ultimate tensile strength Stir casting
Fly ash (5%) =90 Mpa
(% in volume) Yield strength
=84 Mpa
Brinell Hardness number
=65 BHN
8. [25] Al 6063 (80%) + Ultimate tensile strength Stir casting
Fly ash (20%) =169 Mpa
(% in volume) Yield strength
=153 Mpa
Brinell Hardness number
=65 BHN
9. [26] AA6061-T6 (80 %) + Brinell Hardness number Stir casting
SiC (10 %) + =60 BHN
Fly ash (10%) Tensile strength
(% in volume) =173 Mpa
10. [26] AA6061-T6 (60 %) + Brinell Hardness number Stir casting
SiC (10 %) + = 83 BHN (approx.)
Fly ash (20%) + Tensile strength
Coconut shell ash (10%) =213 Mpa
(% in volume)
Tensile Strength Stir casting
11. [17] AAB061/Fly =171.54 MPa
ash/Al, O3 Hardness = 68.6
HV
Maximum Stir casting
12. Microhardness=5
AAB061/Fly ash/Al203 0.3 HV
[18] Hardness=89
RHN
Density=2.7
g/cm3
Mg (92.5%) Tensile strength Stir casting
13. [19] + =237.8 MPa
Fly Ash (7.5%) Hardness
(% in volume) =79.3 HV
Impact Strength
=8.82 Jicm?
Wear rate
=0.029 mm3/m
Coefficient of Friction
=0.26
95 %Al 2024 +4% E-glass Ultimate Tensile Strength Stir casting
14. [20] +Varying 1% of Fly ash =225 MPa
(% in volume) Yield Strength
=481 MPa
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Al (%)-100gm+ Ultimate Tensile Strength Squeeze casting
15. [21] Mg (1.5%) + =700 MPa
SiC (5%) +Fly Ash (10%) Hardness
(% in volume) = Elongation on to failure at
4%

Table 3: mechanical properties of Fly ash reinforced metal matrix composites

4 . Application and future scope of fly ash based composites.

In the modern era a large aspect of the global production of composite material with metal matrices are being used in the
automotive sector. With the ever-growing need of lighter, faster and more durable efficient cars a lot of the parts of a car are made
by Metal matrix composites. Hence the price to quality ratio is the main causes of application of MMC’s (including fly ash based
MMC'’s). With that in mind MMC’s that are used in main parts of cars are 1) engine - as the component that undergoes a lot of
pressure and being used at high temperatures for constant periods MMC’s that have high strength compressive strength and high
temperature limits make a suitable choice. This includes sub components like pistons, cylinders, engine casing, connecting rods,
etc. 2) Brake system- these systems are responsible for making moving object from motion to a complete stop with friction playing
a major part. With high amounts of friction comes high amount of wear and tear along with high temperatures. Hence the braking
components need to made of materials that can withstand high temperature, have reduced wear and tear, have a high coefficient of
friction, and also should be able to withstand sudden changes in rise or fall in temperature and have a very high melting point. 3)
Gears- These components are the main power transmitting power in automations/automobiles. They have requirements similar to
that of main brake components. Other components include valves and turbines that have high temperatures of fluids passing through
them at high speeds or at high pressure. These require strong mechanical properties which is covered by the MMC’s. Other prospects
that can accommodate the use of the MMC’s is the automation industry which vary in requirements but tamper in such conditions
that can be handled more efficiently by the usage of MMC’s.it can also be used in various medical fields as well but the major
prospects of that is left to medical researchers as it not our field of scope. It can also be used as material for wheelchair chassis or
prosthetics and various other disability assisting mechanisms. Other scope of use is pneumatic and hydraulic cylinders and they to
withstand high pressure, tension and compression. Since MMC’s are very expensive due to the cost of mainly the expensive
reinforcement material Fly ash is a suitable alternative as it is cheap and provides appropriate results. Although further research and
experimentations in fly ash MMC’s can lead to better results and cheap materials.

5. Conclusion.

It is obvious that the present industries are associated with necessity for application of lightweight materials with beneficial
mechanical properties along with tribological and chemical property requirements. Some of the most suited material would metal
matrix composites. To counter the high price of MMC’s fly ash based MMCs present themselves as a suitable alternative. This
paper covers some literature survey of Fly Ash based Metal Matrix composites, some methods of making the and some mechanical
properties of certain combinations of metal matrices and fly ash as well as the composition of fly ash. It ends with some applications
of these composite materials.
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