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Chapter

Engine Lightweighting: Use of
Green Materials as Reinforcement
in Aluminum Metal Matrix
Composites

Akaehomen O. Akii Ibhadode

Abstract

Lightweighting of automobiles of which the IC engine is a part has become very
important due to stringent emission regulations being imposed on vehicle manufac-
turers, and the need to have more fuel-efficient vehicles. The use of light weight
materials such as aluminum metal matrix composites (AMMCs) made up of alumi-
num alloy and nonmetal reinforcements such as alumina and silicon carbide is one
strategy used for lightweighting. Recently, there has been active research in the use of
biodegradable green materials such as agricultural wastes as reinforcements for
AMMCs. In this chapter, work done on the use of biodegradable green materials as
reinforcements for AMMC s is reviewed. The potential for their use as engine parts
materials is analyzed. The results show that they have the potential to provide signif-
icant weight and cost savings when used as engine parts materials.

Keywords: lightweighting, aluminum metal matrix composites, IC engine, green
reinforcement materials

1. Introduction

Automobile lightweighting involves reducing the weight of an automobile in order to
minimize fuel consumption and exhaust emissions. In electric vehicles (EV) however, the
effect of lightweighting is to extend the range of each battery charge. The Vehicle
Technologies Office of the United States Office of Energy Efficiency and Renewable
Energy [1] states that “a 10% reduction in vehicle weight can result in a 6%-8% fuel
economy improvement”. Also, Jarvikivi [2] reported in 2021 that each 100 kg reduction in
a vehicle’s weight cuts (on average) 8.5 g of CO, per 100 km. These figures tell us that a
vehicle’s performance with respect to fuel efficiency and cleaner operation is improved by
lightweighting of the vehicle. The engine, which is the powerhouse of the vehicle can, on
the average, weigh around 10% of vehicle curb weight. Thus, anything done to reduce the
engine weight will impact the vehicle performance positively.

Strategies for lightweighting engines include the use of high specific strength
materials (that is, high strength-to-weight ratios) such as high-strength aluminum
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alloys or aluminum metal composites, sheet metal fabrication of parts, innovative
design of parts, additive manufacturing and friction reduction of moving parts [3-7].

Metal composites are engineered materials consisting of a metal matrix in which a
nonmetal reinforcement is dispersed. The resulting material called a metal composite,
combines the properties of the metal and the reinforcement material to produce better
desirable properties than any of the two can provide individually. In this way, low-
strength, lightweight engineering materials such as aluminum are converted to rela-
tively high-strength materials suitable for use in fabrication of engine parts and others
in the automobile. Common reinforcement materials include silicon carbide (SiC),
aluminum oxide (Al,O3), titanium dioxide (TiO,), etc. [8-10].

With the advent of the Circular Economy [11, 12] and the necessity of going Green
[13, 14], there has been a recent move to use green materials, especially biodegrad-
ables, essentially agricultural wastes, as reinforcement materials in metal matrix com-
posites [15, 16]. Green materials are materials that have the following characteristics:
are local and renewable, nontoxic, improve occupancy health, lowers cost, and con-
serve energy and water use and waste products, and have low embedded energy in
their harvesting or collection, production, transportation, and use [17]. Examples of
biodegradable green materials include palm kernel shells, periwinkle shells, coconut
shells, corn cob, bagasse, rice husk, egg shell, etc. This has a number of potential
benefits: more sustainable production, lower cost of reinforcement materials, optimal
use of resources including waste materials, and cleaner environment in places where
these biodegradable wastes are produced.

This chapter reviews the work done in using biodegradable green materials as
reinforcements in aluminum metal matrix composites (AMMCs). It discusses their
application to IC engine parts manufacture.

2. Review of green materials reinforced aluminum metal matrix
composites (AMMCs)

In recent times there has been much interest in using renewable materials in the
form of waste agricultural products as reinforcement materials in AMMCs, especially
in developing countries. This is a result of a number of reasons: (i) they serve as a
cheap alternative to conventional reinforcing materials such as silicon carbide and
alumina, which are imported into these countries, and are expensive, (ii) enables the
possibility of producing locally in these countries, lightweight high strength compos-
ites, and (iii) has the potential to create a cleaner environment due to the usage of
these waste agricultural products for useful products.

The Appendix Table A1l gives a summary of some of the research works carried
out in using green materials for reinforcing AMMCs [18-85].

3. Discussion
3.1 Range of green reinforcement materials

Table 1 lists the green materials used by various researchers as reinforcement for
AMMC:s. It shows that green reinforcement materials cover a wide range of materials,
mainly agricultural wastes. Twenty green reinforcement materials are shown.
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Bagasse Bamboo leaf Bone Breadfruit seed hull Coconut shell

Corncob Cow horn Egg shell Groundnut shell Lemon grass

Maize stalk Mango seed Marula seed shell Neem leaf Palm kernel shell

Palm sprout Periwinkle shell Rice husk Snail shell Tamarind leaf
Table 1.

Green materials for reinforcing AMMC s as used by researchers.

3.2 Preparation of green reinforcement materials

Figure 1 shows the processing routes of biodegradable green materials for
reinforcement of AMMCs derived from the review summary in the Appendix
Table A1l. The preparation starts with cleaning with water or distilled water to remove
all impurities. This is followed by drying, usually in the sun for days or dried in an oven
for a few hours. The dried material may be pulverized and then ashed; or ashed directly
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A
SIZING ASHING
l CARBONIZED UNCARBONIZED
USE

FURTHER TREATMENT (if any)

Pulverizing, Heat treatment,
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Figure 1.
Preparation routes for green reinforcement materials.
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without pulverization. Depending on what is desired, the pulverized particles after
sizing are used directly for reinforcement. Ashing can be done by heating in air or
without air. When heated without air, carbonized ash is obtained. When heated with
air, uncarbonized ash is obtained. The obtained ash may further be treated before sizing
for use as a reinforcement material. Further treatment could include, pulverizing,
conditioning by heat treatment in a furnace to reduce the carbonaceous and volatile
constituents [77], chemical treatment and/or reduction to nanoparticle treatment [63].
Finally, the particles are sized by sieving and thereafter used as reinforcements.

The use of pulverized particles without ashing is a simpler route and most likely,
less costly. There seems not to be any detailed work on the comparison of the perfor-
mance of metal composites reinforced with straight particles, uncarbonized and car-
bonized ashes. However, Hassan and Aigbodion [44] showed that carbonized eggshell
ash had better performance than uncarbonized ash.

3.3 Chemical compositions of green reinforcement materials

Table 2 shows the chemical compositions of most of the green reinforcement
materials listed in Table 1. We could classify the reinforcements whose oxide analyses
are given into (i) silica-based, (ii) calcium oxide-based, and (iii) alumina/ferric oxide-
based reinforcements. These are shown in Table 3. Eight of the materials are silica
based having at least 41% SiO, as their highest oxide contents, three are calcium oxide
based having at least 40% CaO as their highest oxide contents, and only one is
alumina/ferric oxide based having at least 35% Al,O5 and at least 30% Fe,O3;. When
these green materials are used as reinforcements in AMMCs, they release their oxides
into the matrix to affect the properties of the metal matrix.

Table 2 also lists the densities of these biodegradable green materials, which shows
that most of the materials have much lower densities than aluminum which is com-
monly used as matrix of metal composites.

3.4 Fabrication of green materials reinforced AMMCs

There are a number of methods used for the fabrication of AMMCs [8]. However,
the stir casting process is frequently used because it promotes the casting of uniformly
reinforced metal composites as stirring transfers particles into the liquid metal and
maintains the particles in a state of suspension [33]. The two-step stir-casting process

involves the following steps [99]:

i. Preheating of the reinforcement particles to improve wettability with the
metal matrix

ii. Heating the metal matrix above the liquidus temperature
iii. Cooling the liquid metal matrix in the furnace to a semi-solid state

iv. Adding the preheated reinforcement particles to the semi-solid metal matrix
and stirring continuously for a short period, say 5 min

v. Superheating the composite slurry while stirring at a specified speed and time

vi. Casting the molten composite into molds
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Green material SiO, ALO; Fe,0; CaO MgO  SO; K,0 Na,0O MnO ZnO TiO, Cr,03 P,05 Mn,O; SrO LOI Density, g/cm3
or (Cl) Or (NiO)
Rice Husk Ash [22] 97.095 1.135 0.316 0.073 0.825 0.146 0.181 0.092 — — 0.965 1.8-2.1[86]
Bamboo Leaf Ash [25] 759 413 122 747 185 5.62 0.20 2.64 [87]
Bagasse Ash [22] 77.286 10.951 3.660 2.088 1.489 0.487 3.159 0.381 — — 3.277 0.238 [22]
Breadfruit Seed Hull 15.45 3580 30.34 1.20 0.52 0.45 0.22 0.05 5.06 1.98 [33]
Ash [33]
Coconut Shell Ash [29] 46 16 14 18 . 1.2 09 05 0.6 2.05 [37]
Corncob Ash [88] 66.34 7.48 4.44 1157 2.06 1.07 492 041 0.8-1.2 [89]
Egg Shell [90] 0.09 0.03 0.02 50.70 0.01 0.57 0.19 (0.219) 0.24 (0.001) 0.13 47.8 2.49
(uncarbonized)
1.98
(carbonized)
[90]
Mango Seed Shell Ash ~ 43.574 13.847 6.211 14.895 3.173 1797 4.559 2.302 2.653 2.129 0.005 4173 0.130  2.653 0.4-0.425 [91]
[56]
Groundnut Shell Ash 41.42 1175 1260 11.23 3.51 0.44 11.89 1.02 023 — 0.63 — 1.71 3.57 0.23 [92]
[50]
Palm Kernel Shell 55.69 9.43 332 1121 4.85 0.67 9.71 176 072 — — 0.27 2.39 1.70-2.05 [93]
(unashed) particle [61]
Periwinkle Shell [31] 32.84 1020 7.02 40.84 1.47 0.26 0.14 0.24 1.07 (P,O0 = 0.01) 0.78 2.3 [70]
Snail Shell Ash [94] 0.55 1.35 0.4 7430 0.62 0.21 0.25 0.01 0.01 0.001 0.22 2.55-2.81 [95]
Ca Mg K P CO  Organic S N
carbon
Cow bone [31] 36.05 0.74 0.85 16.43 458 1.24-1.71 [96]
Cow hone [97] 0.396 0.014 0.09 0.165 39.97 0.049 1554 1.283 [98]

Table 2.
Chemical compositions of green reinforcement matevials.
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Rice Bagasse Bamboo Corncob Palm kernel Coconut Mangoseed Groundnut Snail Egg  Periwinkle Breadfruit seed
husk leaf shell shell shell shell shell shell shell shell
Silica based >97%  >77% >75% >66% >55% SiO, >46% >43% Si0,  >41% SiO,
Sio, Sio, Sio, SiO, Sio,
Calcium oxide >74%  >50%  >40% CaO
based CaO CaO
Alumina/Ferric >35% Al,O5/

oxide based

>30% F6203

Table 3.
Classification of green reinforcement materials according to their prominent oxide content.
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3.5 Microstructure of green materials reinforced AMMCs

The large body of knowledge on metal matrix composites as exemplified by the
references on green materials reinforced AMMCs in the Appendix Table A1 shows
that when the metal composite is well fabricated, the microstructure of the composites
shows the uniform distribution of green materials particles in the aluminum matrix.
The uniform distribution of the reinforcement particles in the microstructure of the
composites is the main reason for the enhancement of the mechanical properties of
AMMCs [33, 44, 100]. Also, Atuanya et al. [33] showed that the increase in rein-
forcement weight fraction gives rise to decrease in matrix grain size in the composites
as shown in Figure 2. This decrease in matrix grain size further improves the
mechanical properties of the composites as reinforcement content increases.

3.6 Physical and mechanical properties of green materials reinforced AMMCs

Figure 3 shows the plots of relative density p,, relative tensile strength o,, relative
hardness H,, and relative impact energy E, of aluminum metal matrix composites
(AMMCs) against weight percent of reinforcement particles, for egg shell ash [44]
and breadfruit seed hull ash [33].

The relative density, relative tensile strength, relative hardness, and relative
impact energy are defined respectively as

Pr = Pc/Pm (1)

where p,,, = density of reference metal matrix, p. = density of composite.

Cr = Gc/cm (2)

Figure 2.
SEM of aluminum alloy veinforced with (a) 2 wt.% and (b) 10 wt.% of breadfruit seed hull ash (mag. x100) [33].
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Figure 3.

Density, hardness, strength and impact energy of aluminum metal matvix composites reinforced with egg shell ash

and breadfruit seed hull ash.

where 6, = tensile strength of reference metal matrix, c. = tensile strength of
composite.

Hr - Hc/Hm (3)
where H,,, = hardness of reference metal matrix, H. = hardness of composite.
E, = E./En (4)

where E,, = impact energy of reference metal matrix, E. = impact strength of
composite.

The figure shows that as the weight percent of reinforcement materials increases,
density and impact strength decrease, while tensile strength and hardness increase for
both reinforcement materials.

The density of composites decreased as the percent addition of reinforcement
materials increased because the green materials, egg shell ash (p = 1.98 g/cm?), bread-
fruit seed hull ash ((p = 1.98 g/ cm?®) (see Table 2) are light materials compared to the
densities of the aluminum metal matrices used (2.775 g/cm? in both cases). This is in
contrast to the use of conventional reinforcement materials such as alumina and
silicon carbide. Figure 4 shows that as the addition of alumina (paumina = 3.95 g/ cm?)
and silicon carbide (psic = 3.21 g/cm?) increased, the density of the composites
increased because of their higher densities than the reference aluminum alloy matrix.
This shows that use of biodegradable green materials as reinforcement materials for
AMMCs will produce lighter composites suitable for lightweighting of IC engines and
other automobile parts, and industrial parts where lightweighting is important.

Figure 3 shows that the hardness of the composites increased, above the reference
metal matrix, as percent reinforcement content increased. This is attributed to an
increase in the volume of precipitated phases or a high dislocation density. The
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Figure 4.
Relative densities of AMMCs reinforced with alumina [99] and silicon carbide [101].

increase in the weight percentage of hard and brittle phases of the reinforcing mate-
rials in the aluminum alloy is responsible for the increments in hardness as reinforce-
ment materials increase [33].

Also, Figure 3 shows that as the percent weight of reinforcement increased, the
tensile strength increases over the reference metal matrix. This may be a result of
several factors such as good particle/matrix interfacial bonding, fine reinforcement
particle size, and the strengthening effect of the reinforcing materials [33, 102-104].

The figure also shows that as the percent reinforcing material increased, the impact
strength of the composites decreases. This is due to the brittle nature of the
reinforcing materials which degrades the impact strength as the reinforcement mate-
rial increases [33].

3.7 Application of green materials reinforcements to IC engine parts

Table 4 shows IC engine parts in which aluminum alloys are used. The table shows
the permissible stresses specified for the parts. The strengths of some biodegradable
green reinforcement materials are also shown to see if they measure up with strength
requirements of the engine parts. These strength figures indicate that there is promise
for use of these biodegradable green materials for reinforcement of AMMCs as IC
engine parts materials. We note that their strength values are increased when high
aluminum alloys are used as reference metal matrix. These results indicate that these
biodegradable reinforcement materials have the latitude of being able to generate
high-strength AMMCs by choice of type of aluminum alloy, type of biodegradable
material, and amount of reinforcement. By this statement, it follows that all the IC
engine parts shown in Table 4, and possibly, other parts not shown, could readily be
made with biodegradable green materials reinforced AMMCs. We note that factor of
safety values which could be as high as 6 in certain cases, such as in connecting rod
design, are required to reduce the strength values of the green biodegradables shown

in Table 4. Despite this, biodegradables show great promise as reinforcing materials
in AMMCs.
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Engine part Permissible Tensile strength of biodegradable reinforced AMMC, MPa
stress, MPa K . X
[105] Rice husk Palm kernel Periwinkle  Breadfruit  Egg shell
[74] shell [63] shell [70] seed hull [33] [44]

Engine block 35-100 312.5 263.4 132.5 215 113
Cylinder head 30-50

Piston 50-90

Connecting 60-100

rod

Key: Rice Husk (A356.2/8wt.%RHA) [74], Palm Kernel Shell (A356/4wt.%PKSA) [63], Periwinkle Shell (Al6063/
15wt.%PSA) [70], Breadfruit Seed Hull (Al-Si—Fe/12wt.%BSH) [33], Egg Shell (Al-Cu-Mg/12wt. %EG) [44].

Table 4.
Potential application of biodegradable materials reinforced AMMC to IC engine parts.

3.8 Engine lightweighting by biodegradable green materials reinforced AMMCs

From previous work [5], in which a gasoline engine rated at 7.1 kW at 5500 rpm
generating a maximum torque of 18.0 Nm at 3500 rpm was used to calculate engine
weight reduction, we use this same engine to calculate potential weight reductions
when using is made of these biodegradable green materials reinforced AMMCs to
replace the materials used to make some parts namely, engine block, cylinder head,
piston, and connecting rod. Table 5 shows the engine weight reduction analysis. The
engine block was made of cast iron, and cylinder head, piston, and connecting rod
made of aluminum alloys were replaced in the analysis with AMMCs reinforced with
rice husk (RH) ash, palm kernel shell (PKS) nanoparticles, and periwinkle shell (PS)
ash. The table shows that:

i. Total parts (engine block, cylinder head, piston, and connecting rod) weight
reductions are 54.63%, 61.54%, and 63.01% when PS, RH, and PKS reinforced
AMMCs are used respectively in descending order of reinforcement density.

ii. Total engine weight reductions are 28.64%, 32.26%, and 33.04% when PS,
RH, and PKS-reinforced AMMCs are used respectively.

The table also shows when it is assumed that aluminum alloy A356 is used to
originally make the engine block. With this scenario, the total parts weight reductions
are 13.94%, 27.03%, and 29.83% when PS-, RH-, and PKS-reinforced AMMOCs are used,
respectively. Also, in this case, the total engine weight reductions are 5.12%, 9.93% and
10.96% when PS-, RH-, and PKS-reinforced AMMCs are used, respectively.

These results show the massive engine lightweighting achieved when only a single cast
iron part is replaced with AMMC. When the engine block was assumed to have been
made originally from aluminum alloy A356, the weight reductions achieved by replace-
ment with the biodegradable green materials reinforced AMMC:s, are also appreciable: the
total weight reductions on parts are 13.94%, 27.03%, and 29.83%, and on whole engine
are 5.12%, 9.93%, and 10.96% when reinforced with PS, RH, and PKS, respectively.

These results follow the trend of density reduction. The percent weight reduction
depends on the percent reduction of densities from original engine material to the
biodegradable green reinforcement material. For example, the density reduction from

10
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Engine part Material Density, kg/m®> Weight, Volume, Weight Equivalent of Biodegradable Reinforced Weight Reduction, kg/(% on
[Ref?] kg m> AMMC, kg individual parts)
RH, PS PKS, RH PS PKS
(pe =1.95 g/cm®)  (p.=2.3 glcm?®) (p. =1.875 g/cm?)
Engine Cast Iron 7079 10.25  0.001448 2.824 3.330 2.715 7.426/ 6.92/ 7.535
Block (1448 cm®) (72.45%)  (67.51%)  (73.51%)
Cylinder Aluminum Alloy 2670 3 0.001124 2.192 2.585 2.108 0.808/ 0.415/ 0.892/
Head (A356) (1124 cm?®) (26.93%) (13.83%)  (29.73%)
Piston Aluminum Alloy 2690 0.094 0.000035 0.068 0.081 0.066 0.026/ 0.013/ 0.028/
(A4032) (35 cm?) (27.66%) (13.83%)  (29.79%)
Connecting  Aluminum Alloy 2803 0.157  0.000056 0.109 0.129 0.105 0.048/ 0.028/ 0.052/
Rod (A7075) (56 cm?) (30.57%) (17.83%) (33.12%)
Total 13.501  0.002663 5.193 6.125 4.994 8.308/(-) 7.376/(—) 8.507/(-)
(2663 cm?)
Weight reduction on total parts of 13.501 kg 61.54% 54.63% 63.01%
Weight reduction on total parts of 7.117 kg if engine block was originally made from A356 (details not shown) 27.03% 13.94% 29.83%
Weight reduction on total engine weight of 25.75 kg 32.26% 28.647% 33.04%
Weight reduction on total engine weight of 19.366 kg if engine block was originally made from A356 (details not shown) 9.93% 5.12% 10.96%

Table 5.

Engine weight reductions by biodegradable materials veinforced AMMCs.
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aluminum alloy A356 to palm kernel shell (PKS) is about 30% which is the same
percent reduction in weight. Thus, finding a low-density reinforcing material with
high reinforcement performance is the key to weight reduction.

3.9 Cost analysis of biodegradable materials reinforced AMMCs production

A cost analysis of the production of one of the biodegradable reinforcement mate-
rials discussed above, specifically, PKS is presented. This is done to quantify the
financial benefit that may accrue to the deployment of waste biodegradables as
reinforcing materials in AMMCs.

Refer to Figure 1 which shows the processing steps for obtaining reinforcement
particles for AMMC:s. For the analysis, we assume PKS particles, unashed and
uncarbonized. Unashed and uncarbonized PKS particles have been used directly to
reinforce AMMCs successfully by Edoziuno et al. [61], Ibhadode and Ebhojiaye [8].

In manufacturing, the material cost C,, is usually a fraction of the production cost,
Cp. That is:

Cm/Cp =xm<1 (5)
To simplify the analysis, we make the following assumptions:

i. we take a moderately low value of x,, = 0.2, due to uncertainties that may be
associated with the manufacturing process such that four-fifths of the
production cost is attributed to other input costs such as energy, equipment,
overheads, and others. This assumption is justified because PKS is a waste
product whose cost may not be greater than the cost of collection

ii. cost of PKS, C,,, is equal to the cost of collecting it as a waste product from
palm kernel oil (PKO) processing. PKO mills are supplied with palm kernel
seeds cracked by small businesses which discard the shells as waste. This
collection cost depends on the distance between the points of collection and
usage. If we assume a collection radius of 30 km, going by existing prices, cost
of delivering a 10-ton truck load may be about N50,000. Thus, PKS cost per
kg is shown as follows:

Cm =N 50,000/(10 tons x 1000 kg) = N5/kg (6)
From Eq. (5), for x,, = 0.2, production cost is
Cp = Cm/%Xm = N5/0.2 = N25/kg 7)

If we assume a profit margin of 25%, then the selling price of PKS particles is as
follows:

C, = N25/kg (1 + 0.25) = N31.25/kg (8)

Thus, a ton of PKS reinforcement particles will cost N31,250 = N31,250/(N640/
1USs$) = $48.83/ton.

This analysis shows that a ton of PKS particles will cost about $49. This is in sharp
contrast to the cost of alumina at $339.25 [106] and silicon carbide of $800-$2000 per
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ton [107]. That is, the cost of PKS reinforcing particles per ton is less than 15% of
alumina, and between 2.5% and 6.1% of silicon carbide. Thus, it appears that there
may be financial benefits in using this biodegradable material, as with others, such as
listed in Table 1, as reinforcement materials for AMMCs.

3.10 Lightweighting index or effectiveness, L,

The lightweighting index or effectiveness L, is the dimensionless specific strength
of the composite which we define as the ratio of specific strength of composite to the
specific strength of the reference metal matrix, that is:

Ly = |o|l = {(o¢/pc)/(Om/Pm) } 9)

The higher this value, the more strength per weight, the reinforcing material has
over the reference metal matrix.

The table in the Appendix Table Al shows the L, values for some of the references
reviewed for which the density and tensile strength values for the reference metal
matrix and composites were available.

Figure 5 shows the plots of lightweighting index L, against wt.% composition of
composites reinforced with egg shell ash [44] and breadfruit seed hull ash [33]. The
figure shows that the breadfruit reinforcement seems to have a better strengthening
power than the egg shell, going by these two test results [33, 44]. From the data
points, the average lightweingthing index was found to be, Lyogggshen = 1.1487 and
onBreadfruit = 1.1822.

3.11 Reinforcement performance index

Usually, it could be of interest to rate the reinforcing performance of different
reinforcing materials from carefully conducted experiments or to rate the

=
w

=
]
wl

=
N

1.15

LIGHTWEIGHTING INDEX, L,
[
iR

1.05

0 2 4 6 8 10 12
WT.% REINFORCEMENT MATERIAL

e EGG SHELL e BREADFRUIT

Figure 5.
Lightweighting index for two biodegradable green reinforcements
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Property Desirable change in property wrt reference metal Limiting
matrix condition
Density, p Decrease pe/pm < 1
Tensile strength, ¢ Increase 6./om>1
Hardness, H Increase HJ/H,>1
Impact energy, E Increase EJ/Em>1
Wear rate, W Decrease WJ/W, <1
Percent elongation, e Increase eden>1
Creep rate, c, Decrease CrelCom < 1
Corrosion rate, K Decrease KJ/Ky <1
Melting temperature, Increase Te/Ty > 1
T
Table 6.

Desirable changes of properties of composites for IC engines.

performance of various wt.% compositions for a particular reinforcement. We limit
this analysis to the physical and mechanical properties of density, p, tensile strength o,
hardness H, impact energy E, percent elongation e, creep rate c,, wear rate W,
corrosion rate K and melting point T as may be applicable for IC engine parts.

Table 6 shows the desirable changes required of the composites with respect to the
use of type of reinforcement and/or as the percentage weight of reinforcement
increases.

From Table 6, the reinforcement performance index, P, of the reinforcing mate-
rial is maximized if

om " Hy "E, ey Ty
Pe =W & (10)

Pm W " K " Com

If any property value is unavailable, that property ratio is set equal to 1 in Eq. (10).

Table 7 shows the computations of reinforcement performance index, Py for
breadfruit seed hull ash (BSHA) [33] and egg shell ash (ESA) [44] which do not have
wear rate, elongation, creep rate, corrosion rate and melting point values. The table
shows that the breadfruit seed hull ash has a higher performance index than the egg
shell ash reinforcement.

3.12 The future of green materials as lightweighting reinforcement materials

There is a bright future for green materials as reinforcement materials for AMMCs
as shown in Table 1 for the following reasons:

i. As waste materials, they have the potential of being sources of low-cost
reinforcements for AMMC s, as shown in the cost analysis in Section 3.9.

ii. Their lightweigthing potential is enormous because of their low densities
compared to the aluminum metal matrix.
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Reinforcement Wt.% P p/pm o,MPa o¢/6, H,HRB H/H, E,J E/E, Py
g/cm?

Breadfruit Seed 0 2.775 1.0000 172.5 1.0000 65 1.0000 12.6 1.0000 1.0000

hull Ash (ref. metal

(BSHA) matrix)
2 2755 09928 185 1.0725 68 1.046 12 09523 1.0761
4 2735 0.9856 196 1.1362 72.5 1115 11.2 0.8889 1.1426
6 2715 09784 1985 11507 77.25 1.188 10.85 0.8611 1.2031
8 2,675 0.9640 206 11942 81.25 1.25 10.4 0.8254 1.2781
10 2,635 0.9495 210.5 1.2203 82.5 1.269 10.25 0.8135 1.3268
12 2.620 0.9441 215 1.2464 85 1.308 10.15 0.8056 1.3911
Average performance index, Py, 1.0597

Egg shell ash 0 2.775 1.000 98 1.000 58.5 1.000 14.5 1.000 1.0000

(ESA) 2 2,675 0.964 101.25 1.033 62.5 1.068 12.6 0.869 0.9945
4 265 0955 1035 1.056 64.5 1.103 12 0.828 1.0099
6 2,615 0942 106.5 1.087 67.5 1.154 11.8 0.814 1.0839
8 2.6 0937 1095 1117 68.5 1171 9.8 0.676 0.9437
10 256 0.923 111 1.133 69 1179 9.6 0.662 0.9581
12 2.5 0.901 113 1.153 74 1.265 83 0.572 0.9260
Average performance index, Py, 0.9880

Table 7.

Computation of reinforcement performance index, P, for breadfruit seed hull ash (BSHA) [33] and egg shell ash
(ESA) [44].

iii. Their relatively simple processing methods offer greater potential for use as
AMMIC reinforcement.

The following gaps exist for further research.

i. Carefully carried out experiments to determine the lightweighting
effectiveness of these green reinforcing materials with respect to each other.

ii. Comparable tests on use of straight untreated particles, uncarbonized and
carbonized ashed particles to determine the cost-effectiveness of these
reinforcing particle modes.

4. Conclusion

This chapter has discussed the possibility of using biodegradable green materials as
reinforcements for aluminum metal matrix composites. The following conclusions are
drawn:

i. There is a wide range of biodegradable green materials that could be used as
reinforcement materials for the lightweighting of aluminum alloys.

15
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ii. The significant reduction in weight from use of these biodegradable green
reinforcement materials depends on their smaller densities compared to the
metal matrix.

iii. As waste materials, they provide a potential cheap source for reinforcing
materials for AMMCs. The cost analysis shows that their cost per ton could be
15% of the cost of alumina and as low as 2.5% of cost of silicon carbide.

iv. Their use in composites gives lower densities, higher strength, and higher
hardness over the reference metal matrix. However, their use decreases the

impact strength of the composites.

v. Their strength values show that they can be used to make engine parts.
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S/No Green Ref  Work done Results Lightweighting parameter
material
Specific strength, Lightweighting
o/p(N/mm?) index, Ly, |o| =
——{[oe/pel/[6um/
Ref. metal, Best composite Pl
6m/Pm sample, o6./p.
1 Bagasse [18] A general review of reinforced AMMCs with A feeble conclusion that bagasse can be used as
little mention of published works on use of reinforcement for AMMCs
bagasse as reinforcement.
[19]  Sugarcane Bagasse Ash from the co-generator ~The comparative study of the AI-SCBAB
boiler (SCBAB) of a Cuban sugar mill, was composite with respect to the reference metal
used as reinforcement for AMMC fabricated ~ matrix showed an increment in the hardness of
by employing powder metallurgy technique the SCRAB reinforced AMMC over the
reference matrix
[20]  The aging behavior for Al-Cu-Mg/Bagasse ash  The reinforced composite
particulate exhibited an accelerated hardening response
composites with 2-10 wt% bagasse ash compared to the reference metal matrix
particles produced by double stir-casting
method was investigated. The aging behavior
of the solution and age-hardened reinforced
composite was determined by use of hardness
values and microstructural analysis
[21]  Fly ash and bagasse were used as The result showed that 10 wt% fly ash +10 wt
reinforcement of Eutectic Al- % bagasse ash can be used as reinforcement in
Si alloy LM6 containing 10.58% Si to produce  aluminum
composites by liquid casting. Brinell hardness  composites especially for engine part
and ultimate tensile strength were determined
[22]  The properties of composites produced from  The results showed that BA had a better 57.54 68.08 1.18
an aluminum alloy Al-7%Si as matrix and two  composite density lowering ability than RHA.
agro wastes Rice Husk Ash (RHA) and Bagasse However, the results show somewhat better
Ash (BA) as reinforcement were compared improvement in mechanical properties with
RHA addition
[23] Al6061 was reinforced with 4 wt.%, 8 wt.% The results showed that maximum tensile

and 12 wt.% bagasse ash to produce aluminum
metal matrix composites. Microstructural and
mechanical properties tests were carried out

strength, minimum hardness, and maximum
coefficient of friction occurred for 8 wt.% of
bagasse ash content.
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S/No Green Ref  Work done Results Lightweighting parameter
material
Specific strength, Lightweighting
o/p(N/mm?) index, Ly, |o] =
—llod/pel/[ow/
Ref. metal, Best composite Pl
6m/Pm sample, o6./p.
2 Bamboo [24] Bamboo leaf ash (BLA) and alumina were used The corrosion resistance of the composites
leaf to reinforce Al-Mg-Si alloy matrix. The decreased with BLA addition. The composites
corrosion and wear behaviors of the resulting  at 2 and 3 wt.% of BLA showed superior wear
composites in 3.5% NaCl were investigated. resistance.
[25] Bamboo leaf ash (BLA) and silicon carbide The results indicated that all mechanical
were used in various combined ratios to properties studied except fracture toughness
reinforce Al-Mg-Si alloy. Mechanical decreased with increase in BLA content.
properties and corrosion behaviors of the Corrosion results were obtained for the
composites were studied composites in NaCl and H,SO, media
[26] Bamboo leaf ash (BLA) and alumina were used The results indicated that all mechanical
in various combined ratios to reinforce Al-Mg- properties studied except fracture toughness
Si alloy. Mechanical and microstructural decreased with increase in BLA content. The
properties of the composites were studied mechanical properties behavior were similar to
that of silicon carbide/BLA reinforcement [6].
However, silicon carbide/BLA reinforcements
tends to have a lower reduction on tensile
strength than the alumina/BLA counterparts
[27]  Aluminum alloy AA6061 was reinforced with ~ The composite having only silicon carbide
various combinations of silicon carbide and (1.5wt.%SiC) reinforcement had the highest
bamboo leaf ash (BLA), neem leaf ash (NLA)  density and highest hardness, while the
and tamarind leaf ash (TLA). Density and composite with 0.75wt.%BLA and 0.75wt.%SiC
hardness measurements of the resulting had the least density and least hardness
composites were taken
[28]  This is an extension of Ref. [27] by one of the = The results showed that BLA reinforcement 45.30 58.79 1.30

authors where more tests were carried out.

(0.75wt.%BLA and 0.75wt.%SiC) had the
highest tensile strength, highest hardness and
least density and least wear. Some of these
results are at variance with [29]
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S/No Green Ref Work done Results Lightweighting parameter
material
Specific strength, Lightweighting
6/p(N/mm?) index, Ly, |o] =
. |loc/pcl/[om!
Ref. metal, Best composite ol
6/ Pm sample, ¢ /p.
3 Bone [30] Al6063 alloy was reinforced with alumina and The results showed that the 2 wt.%Alumina
chicken bone ash to produce five composite and 6 wt.% chicken bone ash best surface
samples each having a total of 8 wt.% content. roughness compared to the others
In each of the five compositions, bone ash was
2,3, 4, 5and 6 wt.% while alumina took up the
balance in 8 wt.%. Machining tests were
carried out on the composites to determine
surface roughness
[31] Al6063 alloy was reinforced with calcined cow The periwinkle shell reinforcement had the 47.62 51.57 (CB) 1.09
bone (CB) particles and crushed periwinkle best mechanical properties and smaller density
shell (PS) particles separately with 1, 2, 4, 6, 8  at all compositions compared to the cow bone.
and 10 wt.% to produce six compositions each. For the cow bone reinforcement, the density
They were used to make knee braces. Physical decreased and tensile strength increased as its
and mechanical tests were carried out on them. percent content increased, while it maximum
hardness occurred at 6 wt.%
[32]  This paper claims that aluminum 8081 alloy The presentation of results was not clear.
was reinforced with chicken bone particles. However, the authors claimed that “it was
found that the Chicken Bone Ash contents
were able to improve the Wear rate of
aluminum metal matrix composite compared
to the aluminum-8011”.
4 Breadfruit [33]  Al-Si-Fe alloy was reinforced with breadfruit ~ The results showed that density decreased, 62.16 81.90 1.32
seed hull seed hull ash in weight percentages of 0-12in  tensile strength and hardness as breadfruit

steps of 2 wt.% to produce composites. The
mechanical and microstructural properties
were determined

content in composites increased
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S/No Green Ref  Work done Results Lightweighting parameter
material
Specific strength, Lightweighting
6/p(N/mm?) index, Ly, o] =
Ref. metal, Best composite L[:;fpc]/[ﬁm/
6m/Pm sample, 6./p.
5 Coconut [34] Aluminum alloy 6063 was reinforced with The results showed that density decreased, — —
shell coconut shell ash (CSA). The properties of the tensile strength and hardness increased as CSA
composites were measured, and the corrosion  content increased. Composites with 12 wt.%
properties in 0.3 M H2SO4 and 3.5 wt% NaCl ~ CSA had the least corrosion in both 0.3 M
solutions were also determined H,SO, and 3.5 wt.% NaCl solutions
[35] Coconut shell particles (CSP) of sizes 50, 75, The tensile strength and hardness increased — —
150, 212, and 300 p were used to reinforce and impact strength decreased as CSP content
recycled waste aluminum cans at 5wt.% and  increased. As CSP contentment increases, the
10 wt.% to produce composites. The wear rate becomes significant at bearing load
mechanical and wear properties were over 1421 N
determined
[36] 99.70% purity aluminum was reinforced with ~ Hardness increased as CSA content increased, — —
coconut shell ash (CSA) at 3 — 15 wt.% in steps while maximum tensile strength occurred at
of 3 wt.%. The microstructure and mechanical 9 wt.% of CSA
properties were determined
[37]1 Density, particle size, refractoriness, SEM, From the microstructural analysis of the — —
XRD, composites, the authors conclude: “The
XRF and FTIR spectroscopic methods were coconut shell ash can withstand a temperature
used for the characterization of the coconut of up to 15000C with a density of 2.05 g/cm3.
shell ash to determine its suitability as a That means this ash can be used in production
reinforcement material in metal matrix of light weight MMCs component with good
composites. thermal resistance”
[29] Pure aluminum was reinforced with 5wt.%SiC Density and impact strength decreased, while  19.64 69.44 3.54
for three sample compositions of 3 wt.%, 5 wt. hardness and tensile strength increased with
% and 10 wt.% coconut shell ash (CSA). The CSA content.
composites were tested for density, hardness,
tensile strength and impact energy.
[38]  99.3% purity aluminum was reinforced with ~ Tensile strength and hardness increased while = 38.89 81.82 2.10

finely ground coconut shell particles in
amounts of 2 wt.% to 10 wt.% in steps of 2 wt.
%. Microstructural and mechanical property
studies were carried out.

density and impact energy decreased as
coconut shell particle content increased.
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material
Specific strength, Lightweighting
6/p(N/mm?) index, Ly, |o] =
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[39] Paper claims that Al1100 was reinforced with  The relevant result was that the coconut shell
15% coconut shell ash to produce composites  ash reinforced composite had higher values of
for machining to determine wear tensile strength and hardness above the
characteristics using Taguchi experimental reference alloy Al1100
design approach.
[40] Waste aluminum cans alloy was reinforced The results showed that density and impact 10.98 22.87 2.08
with coconut shell ash (CSA) (150 pm) and strength decreased, while tensile strength and
graphite (150 hardness increased as CSA content increased.
pm) particles. All five composition samples Graphite increased/decreased the properties of
had 2 wt.% graphite while CSA content was 0, the aluminum alloy, such that addition of CSA
2, 4, 6 and 8 wt.%. Microstructural, physical gave greater increases/decreases
and mechanical tests were carried out on the
produced composites
6 Corncob [41]  Aluminum alloy 8011 was reinforced Maximum tensile strength and maximum
separately with cow horn and corncob with elongation occurred at 15 wt.%. Hardness
contents from 5 wt.% - 20 wt.% in steps of decreased as corncob content increased
5 wt.% to produce aluminum metal matrix
composites. Microstructural and mechanical
tests were carried out
[42]  Al-Mg-Si alloy matrix was reinforced with Density, hardness, elongation and tensile
various percentage weights of SiC and corncob  strength decreased and fracture toughness
ash to produce aluminum metal matrix increased for composites as corncob content
composites. Microstructural and mechanical increased in the composites
tests were carried out.
[43]  Aluminum alloy 6063 was reinforced with The results showed that density, tensile stress,

corncob ash in weight percentages of 2.5% -
15% in steps of 2.5%. microstructural and
mechanical property tests were carried out

impact strength, and wear decreased; hardness
increased as corncob ash content increased in
the composites.
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carbonized and uncarbonized eggshell
particles. Calcium carbonate was also used as
reinforcement separately. Microstructural and
mechanical properties tests were carried out

increased as eggshell content increased up to
12.5 wt.% in AA2014 for both carbonized and
uncarbonized reinforced composites.
Toughness, ductility and corrosion rate
decreased as eggshell increased up to 12.5 wt.%
for both carbonized and uncarbonized
reinforced composites.

S/No Green Ref  Work done Results Lightweighting parameter
material
Specific strength, Lightweighting
o/p(N/mm?) index, Ly, |o] =
. |loc/pel/lom/
Ref. metal, Best composite Pl
6m/Pm sample, o6./p.
7 Cow horn  [41]  Aluminum alloy 8011 was reinforced Tensile strength increased and elongation
separately with cow horn and corncob with decreased as cow horn content increased.
contents from 5 wt.% - 20 wt.% in steps of Maximum hardness occurred at 15 wt.%
5 wt.% to produce aluminum metal matrix
composites. Microstructural and mechanical
tests were carried out
8 Egg shell [44] Eggshell particles (ES) (uncarbonized and For both carbonized and uncarbonized egg 35.50 45.20 1.27
carbonized) were used to reinforce Al-Cu— shell particles, density and impact energy (carbonized) (carbonized)
Mg (A2009 alloy) to produce composites. A decreased, tensile strength and hardness 41.36 1.17
total of 2-12 wt.% ES particles were added in  increased for increase in egg shell particles in (uncarbonized) (uncarbonized)
steps of 2 wt.%. Microstructural and composites. For strength and hardness the
mechanical properties were studied carbonized values were higher than the
uncarbonized; while for density and impact
energy, the carbonized had lower values.
[45] Al6061 was reinforced with eggshell Density of composites decreased as eggshell 37.65 45.34 1.20
uncarbonized powder from 2 wt.% - 10 wt.%  powder content increased. For both tensile
in steps of 2 wt.%. microstructural and strength and hardness, their maximum values
mechanical properties tests were carried out ~ occurred at 4 wt.% of eggshell powder
[46] AA2014 aluminum alloy was reinforced with ~ Tensile strength, hardness and fatigue strength — —
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material
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6/p(N/mm?) index, Ly, |o] =
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[47]  Eggshell particles (carbonized and By addition of SiC particles up to 10wt.% and
uncarbonized), SiC particles,, and CaCO; waste eggshell particles up to 12.5wt.%, the
powder were used to reinforce AA2014 tensile strength, hardness, and fatigue strength
aluminum alloy separately. Test properties increased. Toughness and ductility decreased
were carried out on the composites produced. by the addition of SiC and eggshell particles.
Corrosion rate decreased by the addition of SiC
particle up to 7.5wt.% and eggshell particles up
to 12.5wt.%. Hardness and heat-treatable
properties are improved after the addition of
SiC reinforcement particles as compared to
eggshell particles
[48]  Uncarbonized eggshell particle was used to Reinforcement parameters of preheat
reinforce AA2014 aluminum alloy. Property temperature, stirring current, stirring time,
tests were carried out on the derived matrix pouring temperature, and
composites. Process parameters of the reinforcement weight percentage affected the
electromagnetic stir casting process used were tensile strength of the composites. The
varied to find their influence on the properties maximum tensile strength of 287.194 MPa was
of AA201/uncarbonized eggshell particles found for reinforcement preheat temperature
537.87 °C, stirring current 12 A, stirring time
179.9 sec, matrix pouring temperature 726.8 °
C, and reinforcement weight percentage of
12.46.
[49] Al6061 powder was reinforced with 5 wt%, Hardness increased, while density and

10 wt.% and 15 wt.% of eggshell powder and
composites were produced by powder
metallurgy technique. Microstructural,
physical and mechanical properties test were
carried out.

electrical conductivity decreased as eggshell
content increased in the composites

€Lzgot uadoysarut/c/LS 0r/3u0"10p"xp A1y :TOQ

XLV DI UWANUIUNTY UL JUIUDIAO[UIY SV SIDILIIVIN] UIIAE) J0 2S[) :BUIIYS10MIYSIT IUL3U5]



N
S

S/No Green Ref  Work done Results Lightweighting parameter
material
Specific strength, Lightweighting
o/p(N/mm?) index, Ly, |o] =
Ref. metal, Best composite L[:ifpc]/[ﬁm/
6m/Pm sample, o6./p.
9 Groundnut [50] Zn-27Al alloy was reinforced with SiC and Hardness and ultimate tensile strength of
shell groundnut shell ash. Corrosion, the hybrid composites decreased with increase
microstructural and mechanical property tests in GSA content; while the fracture toughness
were carried out on the derived composites of the hybrid
composites increased with GSA content
increase. In 3.5% NaCl solution, the composites
were resistant to corrosion, while in 0.3 M
H2S0O4 solution, the composites
were not as resistant to corrosion
[51]  Al6063 aluminum alloy was reinforced with As groundnut shell ash increased, tensile
groundnut shell ash in weight percents of 3, 6, strength increased on toa maximum at 9 wt.%
9, and 12 wt.%. Microstructural and of reinforcement, hardness and compressive
mechanical property tests were carried out on  strength increased, while percent elongation
the derived composites and impact energy decreased
[52]  Al-Mg-Si aluminum alloy was reinforced with  The composites were resistant to corrosion in
silicon carbide and groundnut shell ash to 3.5% NaCl solution, but more susceptible to
produce composites. Corrosion studies were corrosion in 0.3 M H2S04 solution.
carried out on the composites
[53]  Al-Mg-Si aluminum alloy was reinforced with ~Hardness and tensile strength increased with
silicon carbide and groundnut shell ash to increasing GSA content but the strength and
produce composites. Microstructural, hardness dropped slightly with an increase in
mechanical and fracture property studies were GSA content.
carried out Fracture toughness improved with increase in
GSA content.
10 Lemon [54] Aluminum alloy Al6061 was reinforced with It was reported that the there was linear
Grass 3 wt.%, 5 wt.% and 7 wt.% lemon grass ash. increase of tensile strength and hardness with

Microstructural and mechanical properties of
the derived composites were determined

increase in lemon grass ash content
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1 Maize Stalk [55]  Al-Si-Mg alloy was reinforced with maize stalk
ash at weight percentages of 2, 4, 6, 8 and 10%.
Microstructural and mechanical properties of
composites were determined
12 Mango [56]  Al-Si-Mg alloy was reinforced with mango seed Maximum hardness and maximum impact
Seed Shell shell particle at contents of 5 wt.%, 10 wt.%, energy of 43.2 HV and 2.44 ] respectively were
15 wt.% and 20 wt.%. Microstructural, wear obtained at 15 wt.% mango seed shell content.
and some mechanical property tests were Also, at 15 wt.%, wear resistance improved on
carried out on the derived composites that of the reference metal matrix
[57]  Essentially same work as reference [56] except The production of the motorcycle hub with the
that the optimum 15 wt.% mango seed shell 15 wt.% mango seed shell particles was
composite was used to produce a motorcycle  successful
hub
[58]  Taguchi experimental design technique was Optimal wear rate of the mango seed shell ash
used to optimize the production parameters of reinforced-reinforced Al-Si-Mg composite
Al-Si-Mg alloy reinforced with mango seed was found to be 0.001517 mm?/N/m at stirring
shell ash time, processing temperature, MSSA content,
and particle size of 60 s, 720°C, 20%, and
25 pm respectively.
13 Marula [59]  Al-Mg-Si alloy was reinforced with carbonized The results showed that tensile strength and

marula seed cake in percent weights from 0-
14% in steps of 2%. It was used for the
production of brake pads. Physical and
mechanical properties of the composites were
carried out

hardness increased while the density, percent
elongation and impact energy decreased as the
carbonized marula seed cake content increased
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Specific strength, Lightweighting
o/p(N/mm?) index, Ly, |o] =
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Ref. metal, Best composite Pl
6m/Pm sample, 6./p.
14 Neem Leaf [60] Al6061 T6 alloy was reinforced with three The tests showed that the neem leaf ash
reinforcements: 20%SiC,!0%SiC +10%Fly Ash, reinforcement produced the best property
and 10%SiC +10% Neem leaf Ash to produce  values of highest hardness, highest tensile
three metal composites. Machine lever was strength and least wear.
produced with the composite
[28]  This is an extension of Ref [27] by one of the =~ The composite with 0.75wt.%NLA/0.75wt.%
authors where more tests were carried out. SiC reinforcement had the intermediate tensile
strength, intermediate yield strength,
intermediate elongation and intermediate wear
values. The bamboo leaf ash had the best
performance
[27]  Aluminum alloy AA6061 was reinforced with ~ The composite having only silicon carbide
various combinations of silicon carbide and (1.5wt.%SiC) reinforcement had the highest
bamboo leaf ash (BLA), neem leaf ash INLA)  density and highest hardness, while the
and tamarind leaf ash (TLA). Density and composite with 0.75 wt.% neem leaf ash and
hardness measurements of the resulting 0.75wt.%SiC had intermediate values for
composites were taken density and hardness
15 Palm [61]  Aluminum alloy 6063 was reinforced Density of composites decreased as PKS
Kernel with varying weight percentage of 212 pm content increased while the porosity increased
Shell (PKS) palm kernel shell (PKS) particles (2.5%, 5%, though within acceptable values
7.5%, 10%,
12.5% and 15%). Microstructural, chemical and
physical property tests were carried out on the
composites produced
[62]  Disused engine block aluminum was The mechanical property test results did not

reinforced with PKS ash particles in weight
percentages of 5, 10 and 15. One half of PKS
ash was treated with 1 M NaOH, while the
other half remained untreated, thus, giving
three sample composition each for the treated
and untreated. Microstructural, physical and
mechanical property tests were carried out on
the composites

follow any discernable pattern, apart from
impact energy for treated PKS compositions
which showed a trend of increasing impact
energy as PKS content increased.
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[63]  Aluminum alloy A356 was reinforced with PKS The results showed improvements of 30.47%, 40.38 66.75 1.65
nanoparticles at weight percentages of 1,2, 3,  41.91%, 49.52%, 40.90% and 65.09% on
and 4. Microstructural, physical and hardness values, tensile, yield strength, %
mechanical properties were determined. elongation and impact energy at 4 wt% PKS
over reference metal matrix.
[64] Aliminum AA6063 was reinforced with Better wear properties were obtained by the
different mass fractions of palm kernel shell 10 wt% PKS reinforcement.
(PKS) particles (0, 2.5, 5, 7.5, 10, 12.5 & 15 wt
%). Microstructural and wear tests were
carried out on the composites produced
[65] Zn-Alalloy was reinforced with 5 wt% SiC The results showed that tensile strength and
added with 0.2%, 0.4%, 0.6%, 0.8% and 1.0 wt hardness of composites increased as percent
% PKS ash particles. Microstructural and weight of PKS ash increased in the composites
mechanical properties were determined.
[66] Commercially pure aluminum was reinforced  The 27.31 36.21 1.33
with combined PKS and periwinkle shell (PS)  fabricated composite had significantly
particles with the optimum percent weights of improved properties over the commercially
PKS and PS determined by central composite  pure aluminum
design (CCD) of response surface
methodology (RSM)
[5] Same conditions as Ref. [66] but used to The test results of the produced engine block  27.31 36.21 1.33
produce an engine block for a brush cutter showed that the composite could be used for
manufacture of engine parts
16 Palm [67]/ [67] reported that [68] reinforced aluminum It was stated by [67] that a maximum hardness
Sprout [68] alloy with palm sprout shell ash in weight of 100BHN was obtained for 3%
Shell fractions of 1%,2%, 3%. Stir casting was used ~ weight fraction of palm sprout shell ash

to produce the composites. (The reference
could not be accessed)
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17 Periwinkle [69] Aluminum 6063 was reinforced with The mechanical results do not present a
Shell (PS) periwinkle shell particle sizes of 75 pm and discernable pattern of variation except for
150 pm at weight percentages 1, 5,10 and 15. 75 pm particle composites for tensile strength
The mechanical properties and and hardness where these values increase with
microstructures of the composites were reinforcement content
determined
[70]  Similar to [71] except for determination of Similar results to [5] except that density results
density follow a discernable pattern. Density of
composites decreased as reinforcement
content increased, and that 150 pm PS particles
had less density than corresponding composite
densities of 75 pm as the latter had greater
porosities.
[72]  Al-3.7%Cu-1.4%Mg was reinforced with The results of the mechanical properties tests
periwinkle shell ash of weight percentages of ~ showed that, the addition of periwinkle ash
0-30% in steps 5%. The derived composites increased the hardness, decreased the density
were tested for microstructure, and physical ~ and also decreased the impact energy of the
and mechanical properties composites produced for all additions. The
tensile strength increased from 153.75 N/mm2
at 0 wt% to 202.45 N/mm?2at 25 wt% PS.
[5] Same as for PKS
[66] Same as for PKS
[31] Al6063 alloy was reinforced with calcined cow For both CB and PS reinforcements, density 47.62 54.17 (PS) 1.14

bone (CB) particles and crushed periwinkle

shell (PS) particles separately with 1, 2, 4, 6, 8
and 10 wt.% to produce six compositions each.
They were used to make knee braces. Physical
and mechanical tests were carried out on them.

decreased, tensile strength and hardness
increased compared to the reference alloy as
percent reinforcement increased. PS reinforced
composites had superior property values than
CB
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S/No Green Ref  Work done Results Lightweighting parameter
material
Specific strength, Lightweighting
o/p(N/mm?) index, Ly, |o| =
. i[Gc/pc]/[Gm/
Ref. metal, Best composite Pl
6/ Pm sample, o./p.
18 Rice Husk  [71]  Reviews the works done in using rice husk asa The review concludes that with appropriate
reinforcement in AMMCs processing method and choice of
process parameters, use of carbonized rice
husk
could further enhance
the mechanical properties and widen the scope
of usage in automotive applications
[21]  The properties of composites produced from  The results showed that BA had a better
an aluminum alloyAl-7%Si as matrix and two  composite density lowering ability than RHA.
agro wastes Rice Husk Ash (RHA) and Bagasse However, the results show somewhat better
Ash (BA) as reinforcement were compared improvement in mechanical properties with
RHA addition
[73]  Aluminum alloy, A356.2 was reinforced with ~ Results showed that tensile strength and
2 wt.%, 4 wt.% and 8 wt.% of rice husk ash harness increased while percent elongation
(RHA) particles. Microstructural and decreased as reinforcement content increased
mechanical tests were carried out on the in the composite
derived composites
[74]  Aluminum alloy A356.2 was reinforced with Results showed that composites’ tensile 100.54 121.40 1.21
RHA in percent weights of 4, 6 and 8%, and strength and hardness increased while density
composites were made by vortex casting. of decreased as RHA content increased
Microstructural, physical and mechanical tests
were carried out on the composites
[75]  Al-Mg-Si alloy was reinforced with RHA and ~ The results showed a general increase in tensile = 38 = 60 1.58

SiC mixed in weight ratios 0:1, 1:3, 1:1, 3:1, and
1:0. They

were utilized to prepare 5, 7.5 and 10 wt% of
the reinforcing phase

using two-step stir casting method. Mechanical
properties were investigated

strength, specific strength and hardness, and
genera decrease in density, impact toughness
and ductility with increase in weight percent of
RHA/SIC. The composites

with composition 25% RHA: 75% SiC offers
comparable

specific strength values with the SiC single
reinforced grades of the composite.
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material
Specific strength, Lightweighting
o/p(N/mm?) index, Ly, |o] =
. |loc/pcl/lom/
Ref. metal, Best composite ol
6/ Pm sample, ¢ /p.
[76]  Al-Mg-Si alloy was reinforced with RHA and ~ The results showed that in general, hybrid
SiC mixed in weight ratios 0:1, 1:3, 1:1, 3:1, and reinforcement
1:0. They of RHA and SiC resulted in improved corrosion
were utilized to prepare 5, 7.5 and 10 wt% of  resistance of the composites in 3.5% NaCl
the reinforcing phase solution. The coefficient of friction/wear
using two-step stir casting method. Corrosion  resistance of the hybrid composites were
and wear behavior were investigated. comparable to
that of the Al-Mg-Si alloy matrix reinforced
with only SiC.
[77]1  Al-Mg-Si alloy matrix was reinforced with rice The corrosion resistance of the hybrid
husk ash (RHA) and alumina. Alumina composites in 3.5% NaCl solution was less than
added with 2, 3, and 4 wt.% RHA were utilized that of the single reinforced
to prepare 10 wt.% of the reinforcing Al-Mg-Si/10 wt.% Al203 composite. The
phase. Corrosion and wear behavior of the corrosion rates increased with increase in wt.%
composites were investigated RHA. The coefficient of friction/wear rate
of the composites increased with increase in
RHA wt.%.
[78] Waste aluminum cans were reinforced rice The results shows that density decreases with ~ 51.93 70.88 1.36
husk ash particles of 150, 300 and 600 pm in  increase percent weight of RHA, and suggest
weight percentages of 5, 10 and 15. Physical,  that for same percent weight of RHA, density
mechanical and microstructural properties decreases as RHA particles reduce in size.
were investigated Other results are: tensile strength and hardness
increase; and impact strength decrease with
reduction in RHA particle size.
[791 A6061 aluminum alloy was reinforced with The results showed that the less dense AI/RHA/

silicon carbide and rice husk ash for each
composite made at 8 wt.% for each. The ratios
of RHA and SiC in the composite were 1:4, 2:3
and 0:1 in the 8 wt.%. The microstructure,
density, porosity and mechanical properties of
the composites were determined

SiC hybrid composites have estimated percent
porosity levels as low as <2.86% porosity.
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S/No Green Ref Work done Results Lightweighting parameter
material
Specific strength, Lightweighting
6/p(N/mm?) index, Ly, |o] =
Ref. metal, Best composite |p[:§fpc]/[6m/
6/ Pm sample, o./p.
[80] The paper states that pure aluminum was The results showed that as percent weight of
reinforced with constant 5 wt.% of rice husk silicon carbide increased, the hardness
ash and 2 wt.%, 4 wt.% and 6 wt.% of silicon  increased, while the compressive strength
carbide to produce hybrid composites. reached a maximum value at 4 wt.% of SiC
Microstructural, harness and strength tests
were carried out
[22]  The properties of composites produced from  The results showed that BA had a better
an aluminum alloyAl-7%Si as matrix and two  composite density lowering ability than RHA.
agro wastes Rice Husk Ash (RHA) and Bagasse However, the results show somewhat better
Ash (BA) as reinforcement were compared improvement in mechanical properties with
RHA addition
[81]  86.75Al alloy obtained from meting automobile The results showed that density decreased as ~ 57.54 65.34 1.14
parts, roofing sheet, can, etc. was reinforced RHA content increased, maximum tensile
with rice husk ash of content 0 vol.% - 30 vol.  strength, maximum impact strength,
% in steps of 5 vol.% to produce composite maximum hardness occurred at 10 vol.%,
samples. Physical and mechanical tests were 10 vol.% and 25 vol.% of RHA content
carried out respectively
[82]  AluminumA356.2 alloy was hybrid reinforced = The results showed that hardness, tensile
with 4wt.%rice husk ash (RHA) + 6 wt.% fly  strength, compressive strength and impact
ash (FA), 5wt.%RHA + 5wt.%FA and 6 wt.%  strength occurred for 6 wt.%RHA + 4wt.%FA,
RHA + 4wt.%FA to produce composites. while elongation decreased somewhat as RHA
Mechanical tests were carried out on the content increased
composites
[83]  Aluminum AlSi10Mg alloy was reinforced with The results showed that tensile strength,
RHA in percent weights 3, 6, 9 and 12 to compressive strength and harness increased
produce composites. They were subjected to ~ while percent elongation decreased as RHA
microstructural and mechanical tests content increased
[84]  Eutectic Al-Si alloy LM6 was reinforced The results showed that FA reinforced

separately with RHA and FA. However, the
percent weights of the reinforcements were
not given. Mechanical property and machining
tests were carried out.

composite samples had better mechanical
properties than the RHA. It was also shown
that the FA composite gave lower cutting force
and better surface finish
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19 Snail shell  [85]  Aluminum alloy obtained from discarded The results showed that, at 48 wt.% and
pistons and roofing sheets was reinforced with 600 pm particle size, the tensile strength and
snail shell particles of percent weight s from 16 hardness are maximized to 236 MPa and 48.3
to 48 wt.%. Microstructural and mechanical HREF respectively compared to the tensile
tests were carried out on the derived strength of 92.4 MPa and hardness of 29.2 HRF
composites. for the unalloyed samples.
20 Tamarind  [27]  Aluminum alloy AA6061 was reinforced with ~ The composite having only silicon carbide
leaf various combinations of silicon carbide and (1.5wt.%SiC) reinforcement had the highest
bamboo leaf ash (BLA), neem leaf ash INLA)  density and highest hardness, while the
and tamarind leaf ash (TLA). Density and composite with 0.75 wt.% tamarind leaf ash
hardness measurements of the resulting and 0.75wt.%SiC had the highest density and
composites were taken least porosity
[28]  This is an extension of Ref [27] by one of the = The composite with 0.75wt.%TLA/0.75wt.%

authors where more tests were carried out.

SiC reinforcement generally had performance
values next after NLA. BLA had the best
performance values

Table A1.

Summary of work done in using green materials as reinforcement of AMMCs.

SQQUVAPY TUIIFY - SOULSUTT UOLISNGUIOD) [DULITUT



Engine Lightweighting: Use of Green Materials as Reinforcement in Aluminum Metal Matrix...
DOI: http://dx.doi.ovg/10.5772/intechopen.108273

Author details

Akaehomen O. Akii Ibhadode
Department of Production Engineering, University of Benin, Benin City, Nigeria

*Address all correspondence to: ibhadode@uniben.edu

IntechOpen

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

33



Internal Combustion Engines - Recent Advances

References

[1] Anon. Lightweight Materials for Cas
and Trucks, Vehicles Technologies Office,
Office of Energy Efficiency & Renewable
Energy, U. S. Department of Energy.
Available from: https://www.energy.gov/
eere/vehicles/lightweight-materials-cars-
and-trucks. [Accessed: 20 July 2022]

[2] Jarvikivi M, The Road to Automotive
Lightweighting, Industrial Heating.
Available from: https://www.industria
lheating.com/articles/96356-the-road-to-
automotive-lightweighting. [Accessed
20 July 2022]

[3] Prucz JC, Shoukry SN, William GW,
Shoukry MS. Lightweight Composite
Materials for Heavy Duty Vehicles —
Final Report. US Department of Energy,
Office of Energy Efficiency and
Renewable Energy, National Energy
Technology Laboratory; 2013 Contract
No. DE-FC26-08NT02353, Department
of Mechanical and Aerospace
Engineering College of Engineering and
Mineral Resources West Virginia
University

[4] Isenstadt A, German J, Bubna P,
Wiseman M, Venkatakrishnan U,
Abbasov L, et al. Lightweighting
technology development and trends in
U.S. passenger vehicles, Working Paper
2016-25, The International Council on
Clean Transportation (ICCT), 16
December 2016. Available from: https://
theicct.org/wp-content/uploads/2021/
06/ICCT_PVtech_lightweighting
wp2016-25.pdf

[5] Ibhadode AOA, Ebhojiaye RS. A New
Lightweight Material for Possible Engine
Parts Manufacture [Online First].
IntechOpen. 2018. DOI: 10.5772/
intechopen.82268. Available from:
https://www.intechopen.com/online-
first/a-new-lightweight-material-for-
possible-engine-parts-manufacture

34

[6] Date PP. Lightweighting of IC
Engines. In: Efficient Manufacturing (A
Web Magazine of industr.com) January
23, 2020. 2020. Available from: https://
www.industr.com/en/lightweighting-of-
ic-engines-2467925

[7] de Araujo AN. Automotive
Lightweighting: Strategies for Improving
Fuel Efficiency. 2021. Available from:
https://www.prescouter.com/2021/09/
automotive-lightweighting-strategies-
for-improving-fuel-efficiency/

[8] Babalola PO, Bolu CA, Inegbenebor
AO, Odunfa KM. Development of
aluminium matrix composites: A review.
Online International Journal of

Engineering and Technology Research.
2014, 2014;2:1-11 ISSN 2346-7452

[9] Soboyejo W. Mechanical Properties of
Engineered Materials. New York: Marcel
Dekker Inc.; 2003

[10] Miracle DB. Metal matrix composites-
from science to technological significance.
Composites Science and Technology. 2005;
65(15-16):2526-2540

[11] Anon. Circular Economy and the
Stockholm Convention Division,
Department of Environment, United
Nations Industrial Development
Organization (UNIDO). Vienna, Austria.
2019

[12] Anon. The Circular Economy is
Nature’s Equivalent of ‘Living Within Your
Means’, Circular Economy. Available from:
https://www.circle-economy.com/circula
r-economy/what-is-the-circular-economy.
[Accessed: 20 July 2022]

[13] Anon. Green Industrial Policy:
Concept, Policies, Country
Experiences, UN Environment, Nairobi,
Kenya. 2017



Engine Lightweighting: Use of Green Materials as Reinforcement in Aluminum Metal Matrix...

DOI: http://dx.doi.org/10.5772/intechopen.108273

[14] Anon. Going green, Middletown
Thrall Library Presents. Available from:
https://www.thrall.org/special/goinggree
n.html. [Accessed: 20 July 2022]

[15] Joseph OO, Babaremu K.
Agricultural waste as a reinforcement
particulate for aluminum metal matrix
composite (AMMCs): A review. Fibers.
2019;7(33):1-9

[16] Kristoferson LA, Bokalders V.
Renewable Energy Technologies: Their
Applications in Developing Countries.
Elsevier Science. 2013

[17] Anon. Green Materials. NEXT.CC.
Available from: https://www.next.cc/
journey/discovery/green-materials
[Accessed: 4 August 2022]

[18] Srivastava N, Dwivedi SP.
Development of green hybrid metal
matrix composite using agricultural
waste bagasse as reinforcement—A
review. In: IOP Conf. Series: Materials
Science and Engineering. Vol. 691. IOP
Publishing; Greater Noida, India: GL
Bajaj Institute of Technology and
Management; 2019. p. 012051. DOI:
10.1088/1757-899X/691/1/012051

[19] Hern’andez-Ruiz JE, Pino-Rivero L,
Villar-Coci E. Aluminium matrix
composite with sugarcane bagasse ash as
reinforcement material. Revista Cubana

de Fisica. 2019;36:55

[20] Aigbodion VS, Hassan SB, Dauda
ET, Mohammed RA. Experimental study
of ageing behaviour of Al-Cu-Mg/
bagasse ash particulate composites.
Tribology in industry. 2011;33(1):28-35

[21] Khan MZ, Anas M, Hussain A, Haque
MIL, Rasheed K. Effect on mechanical
properties of aluminium alloy composites
on adding ash as reinforcement material.
Journal of Metals, Materials and Minerals.

2015;25(2):1-7

35

[22] Usman AM, Raji A, Hassan MA,
Waziri NH. A comparative study on the
properties of Al-7%Si-rice husk ash and
Al-7%Si-bagasse ash composites
produced by stir casting. The
International Journal Of Engineering
And Science (IJES). 2014;3(8):01-07

[23] Anwesh K. Virkunwar, Shouvik
Ghosh, Ranjan Basak, Study of
mechanical and tribological
characteristics of aluminium alloy
reinforced with sugarcane bagasse ash,
An International Conference on
Tribology, TRIBOINDIA-2018, 2018,
VJTI, Mumbai, India

[24] Alaneme KK, Olubambi PA, Afolabi
AS, Bodurin MO. Corrosion and
tribological studies of bamboo leaf ash
and alumina reinforced Al-Mg-Si alloy
matrix hybrid composites in chloride
medium. International Journal of
Electrochemical Science. 2014;9:

5663-5674

[25] Alaneme KK, Ademilua BO,
Bodunrin MO. Mechanical properties
and corrosion behaviour of aluminium
hybrid composites reinforced with

silicon carbide and bamboo leaf ash.
Tribology in Industry. 2013;35(1):25-35

[26] Alaneme KK, Adewuyi EO.
Mechanical behaviour of Al-Mg-Si
matrix composites reinforced with
alumina and bamboo leaf ash.
Metallurgical and Materials Engineering.

2013;19(3):177-187

[27] Yogeshwaran S, Prabhu R, Natrayan
L, R. Murugan mechanical properties of
leaf ashes reinforced aluminum alloy
metal matrix composites. International
Journal of Applied Engineering
Research. 2015;10(13):11048-11052

[28] Natrayan L, Sivaprakash V, Santhosh
MS. Mechanical, microstructure and
wear behavior of the material AA6061



Internal Combustion Engines - Recent Advances

reinforced SiC with different leaf ashes
using advanced stir casting method.
International Journal of Engineering and
Advanced Technology (IJEAT). 2018;
8(25):366-371

[29] Poornesh M, Saldanha JX, Singh J,
Pinto GM, Gaurav. Effect of coconut
shell ash and SiC particles on mechanical
properties of aluminium based

composites. American Journal of
Materials Science. 2017;7(4):112-115

[30] Nithyanandhan T, Ramamoorthi R,
Sivasurya KV, Vesvanth M, Sanjay S,
Sriram K. Machining behaviour of
aluminium 6063 with strengthen
aluminium oxide and chicken bone ash
produced by modern technique. Journal

of Science Technology and Research
(JSTAR). 2021;2(1)

[31] Sulaiman A, Adeniyi AT, Toyin AA,
Lanre S-BY, Kolawole AT, Idowu Al, et
al. Hardness and tensile properties of
prophylactic knee brace produced from
cow bone and periwinkle shell
composites. International Journal of

Engineering Materials and Manufacture.
2019;4(2):41-47

[32] Arun P, Shanmughasundaram P,
Suganthi S, Kumar R, Rogan VK. Wear
Behaviour of Al-Chicken Bone Ash Metal
Matrix Composites. Journal of Advances
in Natural and Applied Sciences. 2016;10
(6):11-15

[33] Atuanya CU, Ibhadode AOA, Dagwa
IM. Effects of breadfruit seed hull ash on
the microstructures and properties of
Al-Si-Fe alloy/breadfruit seed hull ash
particulate composites. Results in
Physics. 2012;2:142-149

[34] Daramola OO, Adediran AA,
Fadumiye AT. Evaluation of the
mechanical properties and corrosion
behaviour of coconut shell ash
reinforced aluminium (6063) alloy

36

composites. Leonardo Electronic Journal
of Practices and Technologies. July —
December 2015;(27):107-119

[35] Agunsoye JO, Talabi SI, Bello SA,
Awe I0. The effects of Cocos Nucifera
(coconut shell) on the mechanical and
tribological properties of recycled waste

aluminium can composites. Tribology in
Industry. 2014;36(2):155-162

[36] Apasi A, Yawas DS, Abdulkareem S,
Kolawole MY. Improving mechanical
properties of aluminium alloy through

addition of coconut shell-ash. Journal of
Science and Technology. 2016;36(3):34-43

[37] Madakson PB, Yawas DS, Apasi A.
Characterization of coconut Shell ash for
potential utilization in metal matrix
composites for automotive applications.
International Journal of Engineering
Science and Technology (IJEST). 2012;
4(03):1190-1198

[38] Bello SA, Raheem IA, Raji NK. Study
of tensile properties, fractography and
morphology of aluminium (1xxx)/
coconut shell micro particle composites.
Journal of King Saud University—
Engineering Sciences. July 2017;29(3):
269-277. DOI: 10.1016/j.
jksues.2015.10.001

[39] Mohanty H, Chowdhury S, Rout BK,
Panda SK. Study on mechanical and
machinability properties of aluminium
coconut shell ash by Taguchi approach.
International Journal of Innovative
Research in Technology. 2017;3(11):
68-74

[40] Yekinni AA, Bello SK, Bajela GG,
Adigun IA. Effect of coconut shell ash
and graphite particles on microstructure
and mechanical properties of recycled
aluminium composites. International
Journal of Advances in Scientific
Research and Engineering (IJASRE).
2020;6(10):61-71



Engine Lightweighting: Use of Green Materials as Reinforcement in Aluminum Metal Matrix...

DOI: http://dx.doi.ovg/10.5772/intechopen.108273

[41] Babaremu KO, Joseph OO, Akinlabi
ET, Jen TC, Oladijo OP. Morphological
investigation and mechanical behaviour
of agrowaste reinforced aluminium alloy
8011 for service life improvement.

Heliyon. 2020;6(e05506):1-8

[42] Fatile OB, Akinruli JI, Amori AA.
Microstructure and mechanical behaviour
of stir-cast Al-Mg-SI alloy matrix hybrid
composite reinforced with corn cob ash
and silicon carbide. International Journal
of Engineering and Technology
Innovations. 2014;4(4):251-259

[43] Odoni BU, Odikpo EF, Chinasa NC,
Akaluzia RO. Experimental analysis,
predictive modelling and optimization of
some physical and mechanical properties
of aluminium 6063 alloy based
composites reinforced with corn cob ash.

Journal of Materials and Engineering
Structures. 2020;7:451-465

[44] Hassan SB, Aigbodion VS. Effects of
eggshell on the microstructures and
properties of Al-Cu-Mg/eggshell
particulate composites. Journal of King

Saud University—-Engineering Sciences.
January 2015;27(1):49-56

[45] Dwiwedi S, Srivastava A, Sugimoto
K, Chopkar M. Microstructural and
mechanical characterization of chicken
eggshell-reinforced Al6061 matrix
composites. Open Journal of Metal. 2018;
8:1-13

[46] Dwivedi SP, Sharma S, Mishra RK.
Characterization of waste eggshells and
CaCOj; reinforced AA2014 green metal
matrix composites: A green approach in
the synthesis of composites.
International Journal of Precision
Engineering and Manufacturing;17:
1383-1393

[47] Dwivedi SP, Sharma S, Mishra RK.
A comparative study of waste eggshells,
CaCO03, and SiC-reinforced AA2014

37

green metal matrix composites. Journal
of Composite Materials. 2017;51(17):
2407-2421. DOI: 10.1177/
0021998316672295

[48] Dwivedi SP, Maurya NK, Maurya M.
Effect of uncarbonized eggshell weight
percentage on mechanical properties of
composite material developed by
electromagnetic stir casting technique.

Revue des Composites et des Materiaux
Avances;29(2):101-107

[49] Chaithanyasai A, Vakchore PR,
Umasankar V. The micro structural and
mechanical property study of effects of
egg shell particles on the Aluminum
6061. Procedia Engineering. 2014;97:
961-967

[50] Alaneme KK, Fatile BO, Borode JO.
Mechanical and corrosion behaviour of
Zn-27Al based composites reinforced
with groundnut Shell ash and silicon
carbide. Tribology in Industry. 2014;
36(2):195-203

[51] Singh J, Suri NM, Verma A. Affect of
mechanical properties on groundnut
shell ash reinforced Al6063.
International Journal For Technological
Research In Engineering. 2015;2(11):
2619-2623

[52] Alaneme KK, Eze HI, Bodunrin MO.
Corrosion behaviour of groundnut shell
ash and silicon carbide hybrid reinforced
Al-Mg-Si alloy matrix composites in
3.5% NaCl and 0.3M H,SO,. Leonardo
Electronic Journal of Practices and
Technologies. January — June 2015;(26):
129-146

[53] Alaneme KK, Bodunrin MO,
Adebimpe A. Awe, Microstructure,
mechanical and fracture properties of
groundnut shell ash and silicon carbide
dispersion strengthened aluminium
matrix composites. Journal of King Saud



Internal Combustion Engines - Recent Advances

University-Engineering Sciences. 2018;
30:96-103

[54] Jose ], Christy TV, Eby Peter P, Feby
JA, George A]J, Joseph ], et al.
Manufacture and characterization of a
novel agro-waste based low cost metal
matrix composite (MMC) by
compocasting. Materials Research
Express. 2018;5(6):53-66

[55] Oghenevweta JE, Aigbodion VS,
Nyior GB, Asuke F. Mechanical
properties and microstructural analysis
of Al-Si-Mg/carbonized maize stalk
waste particulate composites. Journal of
King Saud University—Engineering
Sciences. 2016;28:222-229

[56] Ochuokpa EO, Yawas DS, Sumaila
M, Adebisi AA. Development of
aluminium based mango seed
Mangiferaindica Shell ash (MSSA)
particulate metal matrix composite.
International Journal of Engineering
Materials and Manufacture. 2021;6(3):
176-186

[57]1 Ochuokpa EO, Yawas DS, Okorie
PU, Sumaila M. Evaluation of
mechanical and metallurgical properties
Al- Si-Mg/Mangiferaindica seed Shell
ash (MSSA) particulate composite for
production of motorcycle hub. Journal of

Science Technology and Education.
2021;9(1):221-238

[58] Ochuokpa EO, Yawas DS, Samuel
MSBO. Production and wear
optimization of an MSSA-reinforced
Al-Si-Mg composite: A Taguchi
approach. The International Journal of
Advanced Manufacturing Technology.
2022;121:4817-4828

[59] Salihu SA, Suleiman IY. Effect of
Marula seed cake on the mechanical
properties of aluminium alloys for the
production of brake pad. Materials

38

Science, International Journal of
Scientific Research in Science,
Engineering and Technology. 2017;3(6):
713-717

[60] Ramesh C, Valliappan M, Prasanna
SC. Fabrication of ammcs by using stir
casting method for hand lever.
International Journal of New Technologies
in Science and Engineering. 2015;2(1):1-6

[61] Edoziuno FO, Adediran AA, Odoni
BU, Utu OG, Olayanju A. Physico-
chemical and morphological evaluation
of palm kernel shell particulate
reinforced aluminium matrix

composites. Materials Today:
Proceedings. 2021;38:652-657

[62] Oladele 10, Okoro AM. The effect of
palm kernel shell ash on the mechanical
properties of as-cast aluminium alloy
matrix composites. Leonardo Journal of
Sciences. January — June 2016;(28):15-30.
ISSN 1583-0233

[63] Aigbodion VS, Ezema IC.
Multifunctional A356 alloy/PKSAnp
composites: Microstructure and
mechanical properties. Defence
Technology. 2020;16:731-736

[64] Edoziuno FO, Odoni BU, Alo FI,
Nwaeju CC. Dry sliding wear and surface
morphological examination of an
aluminium matrix composite reinforced
with palm kernel shell. ACTA
Metallurgica Slovaca. 2020;26(2):54-62

[65] Ajibola WA, Fakeye AB. Production
and characterization of zinc-aluminium,
silicon carbide reinforced with palm
kernel shell ash. International Journal of
Engineering Trends and Technology
(IJETT). 2016;41(6):318-325

[66] Ebhojiaye RS, Amiolemhen PE,
Ibhadode AOA. Development of hybrid
composite material of palm kernel Shell
(PKS) and periwinkle shell (PS) particles



Engine Lightweighting: Use of Green Materials as Reinforcement in Aluminum Metal Matrix...

DOI: http://dx.doi.ovg/10.5772/intechopen.108273

in pure aluminium matrix. Solid State
Phenomena. 2018;278:54-62 ISSN:
1662-9779

[67] Hemanth Kumar KS, Siddeswarappa
B, Kulkarni PP. A review on mechanical
behavior of aluminium 6061 reinforced
with different agro ashes. International
Journal for Research in Applied Science
& Engineering Technology (IJRASET).
2020;8(XII):382-388. Available from:

www.ijraset.com

[68] P. P. Student Ram Babu Matta
Ravindra Babu Associate ] A Ranga
Babu, “Effect of Mechanical Properties
on Palm Sprout Shell Ash Reinforced
With Al-6061 Alloy Metal Matrix
Composites”, International Journal for
Research in Applied Science and
Engineering Technology (IJRASET),
Volume 5, Issue 3, May - June 2019,
8-14

[69] Umunakwe R, Olaleye DJ, Oyetunji
A, Okoye OC, Umunakwe IJ. Assessment
of some mechanical properties and
microstructure of particulate periwinkle
shell-aluminium 6063 metal matrix
composite (PPS-ALMMC) produced by
two-step casting. Nigerian Journal of
Technology (NIJOTECH). 2017;36(2):
421-427

[70] Umunakwe R, Olaleye DJ, Oyetunji
A, Okoye OC, Umunakwe IJ. Assessment
of some mechanical properties of
particulate periwinkle shell-aluminium
6063 metal matrix composite (pps-
almmc) produced by two-step casting.
Nigerian Journal of Technology
(NIJOTECH). 2017;36(2):421-427

[71] Yekinni AA, Durowoju MO,
Agunsoye JO, Mudashiru LO,
Animashaun LA, Sogunro OD.
Automotive application of hybrid
composites of aluminium alloy matrix:
A review of Rice husk ash based
reinforcements. International Journal

39

of Composite Materials. 2019;9(2):44-
52. DOI: 10.5923/j.cmaterials.
20190902.03

[72] Nwabufor MN. Development and
Characterization of AL—3.7% Cu—1.4%
Mg Alloy/Periwinkle Ash (Turritella
Communis) Particle Composites. Zaria:
Ahmadu Bello University, the
Department of Metallurgical and
Materials Engineering; 2015

[73] Haque MH, Ahmed R, Khan MM,
Shahriar S. Fabrication, reinforcement
and characterization of metal matrix
composites (MMCs) using rice husk ash
and aluminium alloy. International
Journal of Scientific & Engineering
Research. 2016;7(3):28 ISSN 2229-5518
I[JSER © 2016 Available from: http://
www.ijser.org

[74] Siva Prasad D, Krishna AR.
Production and mechanical properties of
A356.2 /RHA composites. International
Journal of Advanced Science and
Technology. 2011;33:51

[75] Alanemea KK, Adewale TM.
Influence of Rice husk ash—Silicon
carbide weight ratios on the mechanical
behaviour of Al-Mg-Si alloy matrix
hybrid composites. Tribology in
Industry. 2013;35(2):163-172 Available
from: www.tribology.fink.rs

[76] Alaneme KK, Adewale TM,
Olubambi PA. Corrosion and wear
behaviour of Al-Mg-Si alloy matrix
hybrid composites reinforced with rice
husk ash and silicon carbide. The Journal
of Materials Research & Technology.
2014;3(1):9-16

[77] Alanemea KK, Olubambi PA.
Corrosion and wear behaviour of rice
husk ash—Alumina reinforced AI-Mg-Si
alloy matrix hybrid composites. The
Journal of Materials Research &
Technology. 2013;2(2):188-194



Internal Combustion Engines - Recent Advances

[78] Adekunle Y, Taiwo R, Ismail A,
David S, Rasheed S, Olalekan A. Recycled
aluminium cans/rice husk ash: evaluation
of physico-mechanical properties. World
Journal of Engineering Research and
Technology. 2019;5(1):18-32

[79] Sarkar S, Bhirangi A, Mathew ],
Oyyaravelu R, Kuppan P, Balan ASS.
Fabrication characteristics and
mechanical behavior of Rice Husk Ash-
Silicon Carbide reinforced Al-6061 alloy
matrix hybrid composite, Materials
Today Proceedings. Part 2. 2018;5(5):
12706 -12718

[80] Chinta ND, Prasad KS, Kumar VM.
Characterization of rice husk ash and SiC
reinforced aluminium metal matrix
hybrid composite. SSRG International
Journal of Mechanical Engineering
(SSRG-IJME). 2017;(Special Issue May):
329-332

[81] Usman AM, Raji A, Waziri NH,
Hassan MA. Aluminium alloy—Rice
husk ash composites production and
analysis. Leonardo Electronic Journal of

Practices and Technologies. July —
December 2014;(25):84-98

[82] Subrahmanyam APSVR,
Madhukiran J, Naresh G, Madhusudhan
S. Fabrication and characterization of
Al356.2, rice husk ash and fly ash
reinforced hybrid metal matrix
composite. International Journal of
Advanced Science and Technology.
2016;94:49-56. DOI: 10.14257/
fjast.2016.94.05

[83] Saravanana SD, Senthil Kumar M.
Effect of mechanical properties on Rice
husk ash reinforced Aluminum alloy
(AISi10Mg) matrix composites. Procedia
Engineering. 2013;64:1505-1513. DOI:
10.1016/j.proeng.2013.09.232

[84] Senapati AK, Sahoo SK, Singh S, Sah
S, Padhi PR, Satapathy N. A comparative

40

investigation on physical and mechanical
properties of MMC reinforced with
waste materials. International Journal of
Engineering and Advanced Technology
(JEAT). 2017;6(4) ISSN: 2249-8958

[85] Asafa TB, Durowoju MO, Oyewole
AA, Solomon SO, Adegoke RM, Aremu
OJ. Potentials of Snailshell as a
reinforcement for discarded Aluminum
based materials. International Journal of
Advanced Science and Technology. 2015;
84:1-8. DOI: 10.14257/ijast.2015.84.01

[86] Ahmad Faud MY, Yaakob I, Mohd
Ishak ZA, Mohd Omar AK. Density
measurement of rice husk ash filler
particles polypropylene composites.
Polymer Testing. 1993;12:107-112

[87] Umoh AA, Jonah UM. Use of
coconut fiber as reinforcement in
bamboo leaf ash blended cement- based
composite panels. Jordan Journal of Civil
Engineering. 2015;9(4):435-444

[88] Alaneme K, Babajide A, Omotoyinbo
A, Borode JO, Bodunrin M. Corrosion
and wear behavior of stir-cast
aluminium-based hybrid composites
reinforced with silicon carbide and corn
cob ash. African Corrosion Journal. 2015;
1(2):1-8

[89] https://www.sciencedirect.com/
topics/engineering/corn-cob

[90] Krishnamoorthy B, Ramasamy V.
Feasibility study on eggshell powder
concrete (ESP concrete). JSRD—
International Journal for Scientific
Research & Development. 2019;6(12):
732-734

[91] Kumar TVA, Aradwad PP,
Thirupathi V, Rajkumar P, Viswanathan
R. Briquetting of mango seed shell:
Effect of temperature, pressure and
binder. Agricultural Engineering Today,
ISAE. 2021;45(4):23-28



Engine Lightweighting: Use of Green Materials as Reinforcement in Aluminum Metal Matrix...

DOI: http://dx.doi.ovg/10.5772/intechopen.108273

[92] https://www.aqua-calc.com/page/
density-table/substance/peanut-blank-
shells

[93] Oyejobi DO, Abdulkadir TS, Yusuf
IT, Badiru MJ. Effects of palm kernel
shells sizes and mix ratios on lightweight
concrete. Journal of Research

Information in Civil Engineering. 2012;
9(2):217-226

[94] Owoyemi HT, Owoyemi AG.
Chemical and phase characterization of
snail shell (Archachatina Marginata) as
bio-waste from South-West in Nigeria for
industrial applications. Chemistry and
Materials Research. 2020;12(6):15-20

[95] Walton R. The impact of aluminium
and silicon on the shell strength of
Lymnaea stagnalis. The Malacologist, The
Malacological Society of London. 2009;
53. Available from: http://malacsoc.org.
uk/the_Malacologist/BULL53/walton.htm

[96] Anon. A note on the density of
bovine limb bones. Animal Science. 1975;
21(2):195-198. DOI: 10.1017/
S0003356100030622

[97] Perkarskas J, Zibutis S,
Grazuleviciene V, Grigalavviciene I,
Mazeika R. Cattle horn shavings as slow
release nitrogen fertilizer. Polish Journal
of Environmental Studies;24(2):645-650

[98] Mason P. Density and structure of
alpha-keratin. Nature. 1963;197:179-180

[99] Alaneme KK, Bodunrin MO.
Mechanical behaviour of alumina
reinforced AA6063 metal matrix
composites developed by two-step stir
casting process. ACTA Bulletin of
Engineering, Tome VI. (July -
September) 2013:105-110

[100] Alaneme KK, Sanusi KO.
Microstructural characteristics,
mechanical and wear behaviour of

41

aluminium matrix hybrid composites
reinforced with alumina, rice husk ash
and graphite. Engineering Science and
Technology, An International Journal.
2015;xxx:1-7

[101] Ajagol P, Anjan BN, Rajaneesh NM,
Preetham KGV. Effect of SiC
reinforcement on microstructure and
mechanical properties of Aluminum
metal matrix composite. International
Conference on Advances in
Manufacturing, Materials and Energy
Engineering (ICon MMEE 2018) 2-3
March 2018, MANGALORE INSTITUTE
OF TECHNOLOGY & ENGINEERING,
Badaga Mijar, Moodbidri, Karnataka,
India). IOP Conference Series: Materials
Science and Engineering. 2018;376:1-9

[102] Yung CK, Chan SLI. Tensile
properties of nanometric A1203
particulate reinforced aluminium matrix
composites. Journal of Materials
Chemistry and Physics. 2004;85:438443

[103] Qu S, Geng L, Han J. SiC/Al
composite fabricated by modified
squeeze casting technique. Journal of
Materials Science and Technology. 2007;
23(5):641-644

[104] Rohatgi P, Asthana R, Yarandi E.
Solidification During Casting of Metal-
Matrix Composites. American Society of
Metals (ASM) Handbook. Volume 15:
Casting ASM Handbook Committee. ASM
International. 2008:390-397

[105] Anon. Internal Combustion Engine
Parts. Upload. Lok Nayak Jai Prakash
Institute of Technology (LNJPIT),
Chapra, Bihar, India. Available from:
https://www .Injpitchapra.in/wp-conte
nt/uploads/2020/05/file_S5eb3d452ac7a3.
pdf. [Accessed: 23 July 2022]

[106] London Metal Exchange (LME)
Alumina (Platts). Available from:
https://www.lme.com/Metals/Non-



Internal Combustion Engines - Recent Advances

terrous/LME-Alumina#Trading+day
+summary. [Accessed: 25 July 2022]

[107] Anon. Global Silicon Carbide
Markets, 2021-2027 - Growing Steel
Industry & Growing Demand from
Semiconductor and Electronics Industry,
Yahoo Finance. Available from: https://
finance.yahoo.com/news/global-silicon-
carbide-markets-2021-

42



