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CHAPTER-1 

COMPOSITE MATERIALS AND THEIR CLASSIFICATION  
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Email Id- aravinda@presidencyuniversity.in 

 

A composite material is a structural material that has been synthesized or manufactured 

intentionally by fusing two or more components with different properties. The components are 

mixed together on a macroscopic scale yet are not soluble in one another. The Reinforcing phase 

and the Matrix phase are two different components. The matrix includes a reinforcing phase to 

provide the required properties. Phase of reinforcement: Fibers, Flakes, Particles, etc [1]. 

Composite Materials 

By mixing two substances with different physical and chemical characteristics, a composite 

material is produced. A material that has been carefully developed to do a certain duty, such as 

becoming stronger, lighter, or electrically resistant, is generated when several components are 

mixed. Despite having clearly diverse chemical or physical attributes, the composite elements are 

blended to create a material with properties that set it apart from its component components. 

Simply speaking, composites are made up of many components. Combining two or more natural 

or manufactured components (each having a variety of physical or chemical characteristics) results 

in composite materials, which are stronger as a whole than the sum of their individual parts. The 

component elements combine and contribute their best attributes to improve the outcome or final 

product, rather than completely merging together or losing their own identities [2].  

Classification of composite materials 

 

Figure 1: Illustrates the classification of composite materials. 

Increasing durability, effectiveness, or strength are only a few examples of the particular purposes 

for which composite materials are routinely developed. Based on the matrix phases and different 
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2 Introduction to Composite Materials 

kinds of reinforcing phases in the matrix phase, composite materials may be categorized. Based 

on the matrix phase, there are many different kinds of composites, including metal matrix 

composites (MMC), ceramic matrix composites (CMC), and polymer matrix composites (PMC). 

While the layered composite but also phase composites in Figure 1 represent the two main forms 

of reinforcement-based composites [3]. 

 

Metal matrix composite (MMC) 

MMCs are a form of composite in which the matrix phase is just a metal, such as aluminium, 

magnesium, titanium, and so on. Due to the high density of metals, metal matrix composites 

(MMC) are less common than polymer matrix composites (PMC). However, metals are more rigid 

and strong than polymeric materials, and they can endure greater temperatures  [3]. 

Polymer matrix composite (PMC) 

The two most common kinds of polymers are thermosets and thermoplastics. Thermosets are 

distinguished by a well-bonded, three-dimensional molecular structure that develops after curing. 

At high temperatures, these materials don't melt; they disintegrate. The conditions necessary for 

curing and other attributes may be changed by simply changing the fundamental makeup of the 

resin. They may also be kept for lengthy periods of time in a partly restored form. Thermosets also 

have a great degree of flexibility. They are hence ideal for use as matrix basis for FRC in cutting-

edge applications. When beginning with a premixed or molded compound containing fibres of a 

certain quality and aspect ratio, as is the case with epoxy, polymer, and phenolic polyamide resins, 

thermosets are often employed to produce chopped fiber composites. Thermoplastics often have 

inflated melting points, have a one- or two-dimensional molecular structure, and melt at high 

temperatures. The fact that their softening at high temperatures is reversible means that their 

original characteristics may be recovered by cooling, which allows the employment of tried-and-

true compression methods for creating molded composites. The class of composites that is now 

slowly developing includes resins reinforced with thermoplastics. Nowadays, a lot of R&D work 

in this field is focused on enhancing the fundamental characteristics of resins and getting the best 

potential functional benefits from them for certain applications. This covers attempts to replace 

unstable metals in die-casting procedures. The reinforcement significantly alters the morphology 

of crystalline thermoplastics, encouraging the reinforcement to permit nucleation [4]. 

Ceramic matrix composite 

In ceramic matrix composites (CMC), metal or other inorganic elements are employed as the 

reinforcing phase, while ceramic is a primary ingredient. High compressive strength, high melting 

point temperature, exceptional strength at high temperatures, and great oxidation resistance are all 

characteristics of ceramics. Although ceramics have poor impact and tensile strength, these 

drawbacks may be overcome by using the right reinforcing elements [5]. 

Fiber-Reinforced Polymer 

Composite materials are made of a polymer matrix that has been strengthened with an artificial, 

biological, or synthetic fiber (such glass, carbon, or aramid) or other reinforcing material. These 

materials are also referred to as Fiber-Reinforced Polymer (FRP) composites. While protecting the 

fibres from damage from the outside world and the environment, the matrix transmits the weight 
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among them. To avoid cracks and fractures, the fibres provide strength and rigidity to the matrix. 

In many products we sell, polyester resin acts as the reinforcement and glass fiber as that of the 

matrix. Composites, however, use a range of resin and reinforcement compositions, and each 

material contributes to the unique properties of the completed product: Fiber, which would be 

robust but brittle, provides strength and stiffness, while resin, which is more malleable, shapes and 

covers the fiber. Additionally, Composite structures may contain fillers, additives, core 

components, or surface finishes designed to improve the manufacturing process, the appearance, 

and the functioning of the completed product [6]. 
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CHAPTER-2 

CHARACTERISTICS OF COMPOSITES 
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Based on the categorization of composites, people are already aware with the fact that there exists 

a multitude of distinct sorts of these materials. It is a well-known fact that the performance of 

various kinds of composites varies [1]. Composites do, however, have several traits in common. 

Polymer matrix composites have become the fastest-emerging and most widely utilised composites 

because to their inherent advantageous properties. Compared with well-established materials such 

as metals, polymer matrix composites reveal specific properties as following: 

High Specific Strength and High Specific Modulus 

The high specific strength and high specific modulus for polymer matrix composites are their key 

advantages. In both situations, length is the appropriate dimension or unit. Specific strength is 

determined by the ratio of strength to densities, whereas specific modulus is defined as the 

proportion of modulus to density. These values, which are used to assess the material's load 

carrying capacity and stiffness capabilities under the assumption of equal mass, are particularly 

important for structural materials used in aerospace. A summary of the specific strength and 

particular modulus values for many popular structural materials are provided. It is evident that 

carbon fibres resin matrix composites often exhibit greater tensile strengths and specific modulus. 

The excellent performance and low density of the reinforcing fibres may be used to explain the 

high specific strength and high specific stiffness of composites. The specific modulus of glass 

fibres resin matrix composites is marginally lower than that of metallic materials due to the 

comparatively low modulus and population concentration of glass fibres [2]. 

Particle reinforced aluminium matrix composites (MMCs) have been developed in recent years to 

decrease component weight in structural applications and to enhance their physical and mechanical 

characteristics. Metal matrix composites are a kind of material that combine the high strength and 

high modulus of ceramics with the ductility and toughness of metals or alloys to create mechanical 

properties that is noticeably better than that of monolithic metals or alloys [3]. Controlling the size, 

structure, morphology, as well as distribution of a grains in ceramics has received a lot of attention 

over the last 20 years in order to enhance the mechanical qualities. In applications requiring high 

rigidity and strength, metal-matrix composites have begun to gain traction as prospective 

substitutes for traditional alloys [4]. The primary determinant of its greater implementation is cost. 

Although greater recyclability, weight savings, increased component life, and other possible 

advantages are important in contemporary industry. 

The aerospace and automobile industries are under fresh pressure to reduce weight as a result of 

the rising cost of gasoline. Recent years have seen the development of inexpensive aluminium 

alloys due to the strict material quality requirements throughout the automotive and aerospace 

sectors. It delivers high strength, high modulus, exceptional wear resistance, outstanding 

workability, acceptable thermal expansion, and isotropy when aluminium alloys are reinforced by 
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discontinuous second phase particles. Although these techniques may produce material with 

excellent microstructural quality, their widespread application is constrained by the high prices 

attached to many of these techniques. The stir casting method, also known as melt stirring, is now 

one of the most straightforward and cost-effective production processes used to create particle-

reinforced composites. To obtain a high level of micro structural stability using the melt stirring 

method, however, a vast number of process factors must be under control [5].   

Based Upon the Reinforcing Material 

The four main kinds of reinforcement are fibres, particles, fillers, and flakes. Flakes have a largely 

two-dimensional geometry having strength and stiffness in two dimensions and take the shape of 

flat platelets. When suspended in a glass or plastic, they may create an efficient composite material 

(Figure 1). 

 

Figure 1: Illustrates the classification reinforcing material. 

Good damping characteristics  

The square root of a specific modulus of a structural materials and the geometry of the structure 

itself both have an impact on the natural vibration frequency for forced structures. As a result, 

composites have such a high inherent frequency, making it difficult to generate a resonance in 

general. Parallel to this, composite materials have a strong vibration damping because the 

fiber/matrix contact readily absorbs vibrational energy. If vibrations do occur, it is simple to stop 

them [6]. 
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CHAPTER-3 

NEED FOR DEVELOPING COMPOSITE MATERIALS 
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The combination of many qualities, which are seldom encountered in traditional materials like 

monolithic metal, gives composite materials their fundamental advantage over them. High strength 

to weight ratios, higher stiffness to weight ratios, enhanced wear resistance, improved corrosion 

resistance, increased resistance to thermal expansion, outstanding optical and magnetic properties, 

combined wear resistance and fracture toughness are just a few examples of the unusual 

combination properties [1]. A variety of operational circumstances call for an uncommon 

concoction of qualities. Additionally, the modern tendency is to choose lightweight structures for 

their ease of handling, smaller footprint, and fewer components per assembly, attractive look, and 

great resistance to weathering damage. These elements have pushed contemporary designers to 

create newer composite materials up to the point of mass manufacturing with strict specifications. 

Engineered MMCs made of continuous or is continuous fiber, whiskers, or particles in a metal 

result in configurations of very high specific strength as well as specific modulus. Conventional 

monolithic components have limitations on the combinations of resilience, stiffness, coefficient of 

expansion and density that can be achieved [2]. 

To produce a special combination of engineering qualities such strong elevated-temperature 

capabilities, fatigue strength, dampening properties, electrical conductivity, thermal transfer, and 

coefficient of thermal expansion, systematic design and synthesis techniques may also be 

established. Recently, a number of processes, including foundry technologies, have become 

accessible for manufacturing MMCs. The potential benefit of creating these composite materials 

using a foundry approach is the ability to fabricate near-neat shapes in an easy and affordable way. 

Additionally, foundry technologies enable the creation of many intricately shaped components at 

greater production rates, which would be needed by the car industry and other consumer-focused 

sectors. As cast MMCs are made up structurally of continuous or irregular fibres, whiskers, or 

particles that are encased in an alloy matrix which solidifies the small gaps between both the 

reinforcing phases to create the bulk of the matrix. MMCs may be given a tailored set of technical 

qualities that cannot be accomplished with traditional monolithic materials by carefully managing 

the relative quantities and distributions of the elements composing a composite as well as by 

manipulating the solidification processes. Additionally, the matrix's microstructure during 

solidification is finely divided into particles, suggesting that grain size and macro segregation may 

be controlled. This gives a chance to create novel matrix alloys [3]. 

Classification (According to the Type of Reinforcement)  

1. Discrete Composites (Compose of Particle in a Composite) 

2. Composites with Fibers (Consists of Fibers in Matrix) 
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3. Composite Laminates (Consists of Layers of Various Materials) 

Figure 1 shows two further categories of fiber composite materials: continuous fibre composites 

(multi- and monofilament) and short fibre composites, or whisker composites. 

 

Figure 1: Illustrates the classification of reinforcement. 

Particulate Composites 

Particulates of one or even more materials suspended in a matrix of an additional substance make 

up this. The matrix and particle might both be metallic or non-metallic. The varieties of:  

Non-Metallic in Metallic Composites 

Concrete is the most typical example in this situation. When suspended in glass or plastic, flakes 

from non-metallic elements like mica or glass may create an efficient composite material. Because 

it has high insulating and machining properties, mica in glass composite is employed in electrical 

applications [4].  

Metallic in Non-Metallic Composites 

The most typical example is rocket propellants that are composed of flexible organic binder 

materials like polyurethane or polysulfide rubber and inorganic particles like Al powder and per 

chlorate oxidizer. Also typical are metal flakes suspended in a solution. Actually, Al paint is just 

paint with aluminium flakes embedded in it. The flakes align themselves parallel to the surface 

after application, providing optimum coverage. Similar flakes may be used in a similar way to 

provide excellent electrical conductivity. Metal powder contained in thermosetting resin is cold 

solder. The composite material is sturdy, robust, and heat- and electricity-conductive. When 

copper is added to epoxy resin, the conductivity is greatly increased [5].  

Non-Metallic in Metallic Composites 

In a metallic matrix, non-metallic particles like ceramic may be suspended. The end product is 

known as cermets. Composites with an oxide or carbide basis are two popular types of cermets. 

Based on Oxide Cermets may either be metal matrixes with oxide particles or the opposite. These 

are mostly used in high temperature and tool applications wherein erosion resistance is necessary. 

Carbide The metal matrix of cermets, which is typically cobalt, contains particles of tungsten, 



 
9 Introduction to Composite Materials 

chromium, and titanium carbide. Polymers are used in turbine components, valves, and dies. 

Additionally, control rods and fuel elements for nuclear reactors are made of cermet [6]. 
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CHAPTER-4 
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The length to diameter ratio and the fiber's proximity to the crystal diameter are used to define 

fibres. Although the height to diameter ratio may be in the hundreds, whiskers are often quite short 

and stubby and have a diameter that is almost identical to that of a fibre. If fibres and whiskers are 

not joined together to create a structural part that can withstand stresses, they are of limited utility. 

The term "composite material" refers to a substance created by the macroscopically merging two 

or more separate materials or elements that are unique from one another in their qualities. The 

composite material has special qualities that set it apart from each of the separate elements thanks 

to the combination of several constituents. The mud construction bricks that have been in use since 

antiquity are an example of composites; they are created by mixing mud bricks with straws. This 

gave the composite the mechanical properties of straw and the strength and resilience of mud 

bricks [1]. The continuous phase of the matrix, the continuous or discontinuous phase of the 

reinforcements, and the fine interface area are the three basic components that make up a composite 

material in general. Composite materials have been essential to human existence for thousands of 

years, beginning with the construction of dwellings by the first civilizations and going on to the 

development of contemporary technologies. People often employ composite materials, such as the 

ceramic tile in our bathroom, which keeps us dry. In fact, composite materials are used in the 

majority of everyday items, including those used in construction and engineering, healthcare, 

energy and transportation sports, aero planes, automobiles, and other industries [2]. 

Laminated Composites 

An assemblage of layers of fibre composite materials that may be linked to give the necessary 

engineering qualities, such as in-plane stiffness, bending stiffness, strength, but also coefficient of 

thermal expansion, is known as a composite laminate throughout the material science field. High-

modulus, high-strength fibres embedded in a polymeric, metallurgical, or ceramics matrix material 

make up the individual layers. Cellulose, graphite, glasses, boron, and silicon carbide are examples 

of common fibres, whereas epoxies, polyimides, aluminium, manganese, and alumina are 

examples of common matrix materials. A hybrid laminate may be created by layering several 

materials. The laminate then exhibits anisotropic (with variable direction of principal properties), 

honeycomb structures, or quasi-isotropic properties, depending on whether the individual layers 

have become orthotropic (that is, with principal characteristics in orthogonal directions) or 

transversely isotropic (with isotropic characteristics in the perpendicular direction). Although not 

limited to isotropic out-of-plane (bending) response, quasi-isotropic laminates show isotropic (that 

is, irrespective of direction) in plane response [3]. The laminate may demonstrate coupling 

between in-plane and out-of-plane response dependent on the order in which the various layers are 

stacked. The existence of curvature that forms as a consequence of in-plane stress is an indication 

of bending-stretching coupling. Layers with at least two distinct materials are bound together to 
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form laminated composites. They come in the following varieties: clad metals, laminated glass, 

and bimetals. 

These are a hybrid kind of composite that combine lamination method with fibrous composite. 

Laminated fibre reinforced composite is increasingly popular. Therefore, layers of fiber-reinforced 

material are constructed, often with each layer's fiber orientation orientated in a different direction 

to provide the fibre stiffness and strength. 

Bimetals  

Thermostatic bimetals are used in electrical or mechanical actuation applications in several home, 

commercial, and industrial operations. They are present in a variety of control switches, including 

vintage clocks, thermostats, circuit breakers, and electronic equipment. A sheet or strip of two or 

more synthetic structures with differing coefficients of linear thermal expansion that has been 

joined by brazing, welding, or riveting is referred to as a bimetal or thermostatic metal. The active 

component is thought to be made of the material with the higher coefficient of thermal expansion 

(CTE), while the passive component is made of the material with the lower CTE. Alloys with 

variable proportions of iron, manganese, nickel, or chrome are often included in the active 

component. On the other hand, the invar, an iron-nickel alloy with 36% nickel, is often used on 

the passive side [4]. To improve heat conductivity and reduce electrical resistance, certain bimetals 

include a third layer of cooper or nickel sandwiched between the active and passive sides. Bimetals 

take use of the ability of metals both expand and contract with heat and cold. All thermostatic 

bimetals have the essential trait of bending or changing curvature as a consequence of temperature 

changes. The temperature change is essentially transformed into mechanical displacement. 

Bimetal behaviour is repetitive and predictable. Thermal conductivity, stability, strength, 

practicability, and electrical qualities are all taken into consideration while choosing the 

components that go into making bimetals. 

Bimetal applications 

Temperature indication 

In the spiral or helical actuated pointer thermometers, bimetals are employed to indicate 

temperature. These thermometers are useful for measuring temperatures in workplaces, freezers, 

and even on the wings of aeroplanes. These bimetals typically range in thickness from 0.005 in 

(0.127 mm) to 0.015 in (0.381 mm), and the coil is connected to the pointer scale because it 

produces enough torque for the pointer to move freely. Bimetals can withstand temperatures 

between -46°C and 538°C, or about -50°F and 1000°F. The typical angular deflection rate is 2.5 

to 3 degrees per degree Fahrenheit [5]. 

Temperature control 

As in room temperature thermostats, bimetals are used to regulate temperature. A bimetal blade in 

these kind of devices supports a current-carrying contact point connected to a coupled static contact 

point. The blade arches when a certain temperatures is achieved, enabling automated circuit 

switching to regulate the heating and cooling of electrical equipment. 
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Tube and pipe couplings 

Bimetallic couplings provide direct connection and transition for pipes and tubes with various 

CTEs in cryogenic, non-magnetic, and nuclear applications where metal characteristics must be 

swapped reliably. There are more heat transfer uses for these fittings [6]. 

Function Control 

A bimetal may be heated, which is referred to as auxiliary heating, and this allows the operation 

of a device that contains the bimetal to be regulated. Examples of these devices include circuit 

breakers and timers. Installing the bimetal component as the active element throughout the device 

will allow you to control relative functions like current and time. 
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As a quick summary of the main impacts, the significant alloying components and impurities are 

presented below in alphabetical order. Some of the impacts, especially those related to impurities, 

are not very well understood and unique to certain alloys or circumstances. Commercial-grade 

aluminium contains trace levels (0.01 to 0.1 ppm) of antimony. 0.01% or less of antimony is 

soluble in aluminium as a solid. Up to 6% Sb may be found in some bearing alloys. Bismuth may 

be replaced with antimony to prevent hot cracking in aluminum-magnesium alloys [1]. 

Arsenic s 

A semiconductor is the chemical As Al. Arsenic (as AsO3), which is very poisonous, must be kept 

to very low levels when aluminium is used as food packaging foil.   

Beryllium 

In aluminium alloys containing magnesium, beryllium is used to lessen oxidation at high 

temperatures. To increase the adherence of the aluminium layer and prevent the creation of the 

harmful iron-aluminum complex, aluminizing solutions for steel may include up to 0.1% Be.   

Bismuth  

To create free-machining alloys, low-melting-point metals including bismuth, lead, tin, and 

cadmium were combined with aluminium. These substances generate a soft, low-melting phase 

that encourages chip breakage and aids in lubricating the cutting tool. They have a limited 

solubility in solid aluminium. Bismuth has the benefit of making up for lead's shrinking during 

solidification. Aluminum-copper alloy 2011 and aluminum-Mg-Si alloy 6262 both employ a lead-

bismuth ratio of 1:1. Aluminum-magnesium alloys may include little bismuth additions (20 to 200 

ppm) to counterbalance sodium's negative impact on hot cracking [2].   

Boron 

As a grain refiner and to increase conductivity through precipitating vanadium, titanium, 

chromium, but also molybdenum, boron is employed in aluminium and its alloys. Boron may be 

employed as a grain refiner by itself (at levels of 0.005 to 0.1%) during solidification, but it works 

best when combined with too much titanium. Titanium and boron are often included in commercial 

grain refiners in a 5-to-1 ratio.  
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Cadmium  

Aluminum uses cadmium, a relatively low-melting metal, only seldom. Aluminum-copper alloys 

may have up to 0.3% Cd added to them to speed up age hardening, boost strength, and improve 

corrosion resistance. It's been used to shorten the period that aluminium ages by 0.005 to 0.5%. 

Zinc-magnesium alloys.   

Calcium 

Calcium has very low solubility in aluminium and forms the intermetallic CaAl4. An interesting 

group of alloys containing about 5% Ca and 5% Zn have super plastic properties. Calcium 

combines with silicon to form CaSi2, which is almost insoluble in aluminium and therefore will 

increase the conductivity of commercial-grade metal slightly. In aluminium-magnesium-silicon 

alloys, calcium will decrease age hardening. Its effect on aluminium-silicon alloys is to increase 

strength and decrease elongation, but it does not make these alloys heat treatable [3].   

Carbon 

The most prevalent carbide and ox carbide impurities in aluminium are A14C3 and ox carbides, 

respectively. However, carbide production with other impurities like titanium is also a possibility. 

Water and water vapour cause A14C3 to break down, which may result in surface pitting [4].    

Cerium 

To enhance fluidity and decrease die sticking, cerium has been experimentally added to castings 

alloys, primarily through the use of mischmetal (rare earths with 50 to 60% Ce).   

Chromium 

Chromium is a small contaminant found in aluminium that is commercially pure (5 to 50 ppm). It 

significantly influences electrical resistance. Chromium is often added to several alloys belonging 

to the aluminum-magnesium, aluminum-magnesium-silicon, and aluminum-magnesium-zinc 

families, usually in quantities not exceeding 0.35 percent. Beyond these thresholds, it often 

combines with other impurities or additions, including manganese, iron, and titanium, to generate 

extremely coarse components. In wrought goods, chromium diffuses slowly and creates finely 

scattered phases [4]. These scattered phases prevent grain development and nucleation. During hot 

working or heat treatment, chromium is used to regulate grain structure, restrict grain development 

in aluminum-magnesium alloys, and prevent recrystallization in aluminum-magnesium-silicon or 

aluminum-magnesium-zinc alloys [5].  

Cobalt  

Cobalt is not often added to alloys of aluminium. It has been included into various iron-containing 

aluminum-silicon alloys, where it changes the acicular ß (aluminum-iron-silicon) phase into a 

more rounded aluminum-cobalt-iron phase, enhancing strength and elongation. By using powder 

metallurgy, alloys of aluminium, zinc, aluminium, and copper that contain 0.2 to 1.9% Co are 

created.   

Copper 

Important families of alloys are formed by aluminum-copper alloys with 2 to 10% copper content 

and often further additives. Aluminum-copper alloys that have been cast or wrought react to 
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solution heating process and subsequent ageing by becoming stronger and harder while losing 

elongation. Depending on the effects of other elements present, the strengthening is most effective 

between 4 and 6% Cu. 

Copper-magnesium  

The major advantage of adding magnesium to aluminum-copper alloys is the potential for 

improved strength after quenching and solutions heat treatment. After ageing at room temperature, 

some alloys of this kind of wrought material see a rise in strength and high ductility. On artificial 

ageing, further gains in strength, particularly in yield strength, are possible, albeit at a significant 

cost to tensile elongation [6] .   

Bibliography: 

[1] B. Ranabhat, J. Clements, J. Gatlin, K. T. Hsiao, and M. Yampolskiy, “Optimal sabotage 

attack on composite material parts,” Int. J. Crit. Infrastruct. Prot., 2019, doi: 

10.1016/j.ijcip.2019.05.004. 

[2] J. Chen, J. Wang, and A. Ni, “Recycling and reuse of composite materials for wind 

turbine blades: An overview,” J. Reinf. Plast. Compos., 2019, doi: 

10.1177/0731684419833470. 

[3] H.-Y. Kuo and K.-H. Wang, “Size-dependent effective behaviors of multiferroic fibrous 

composites with interface stress,” Int. J. Solids Struct., vol. 106–107, pp. 164–173, Feb. 

2017, doi: 10.1016/j.ijsolstr.2016.11.023. 

[4] H. Hatayama, H. Yamada, I. Daigo, Y. Matsuno, and Y. Adachi, “Dynamic substance 

flow analysis of aluminum and its alloying elements,” Nippon Kinzoku Gakkaishi/Journal 

Japan Inst. Met., 2006, doi: 10.2320/jinstmet.70.975. 

[5] A. N. Løvik, R. Modaresi, and D. B. Müller, “Long-term strategies for increased recycling 

of automotive aluminum and its alloying elements,” Environ. Sci. Technol., 2014, doi: 

10.1021/es405604g. 

[6] C. J. Hung et al., “Novel Al-X alloys with improved hardness,” Mater. Des., 2020, doi: 

10.1016/j.matdes.2020.108699. 

 

 

 

 

  



 
16 Introduction to Composite Materials 

CHAPTER-6 

ALUMINIUM AND ALUMINIUM ALLOYS CASTING PROBLEMS 

Dr Ramachandra C G 

Professor, Department of Mechanical Engineering, 

 Presidency University, Bangalore, India 

Email Id- ramachandracg@presidencyuniversity.in 

 

Since the late 19th century, when the aluminium industry first emerged, aluminium castings have 

been crucial to its development. Castings, like as cooking utensils and ornamental components, 

were the first commercially available aluminium items. These products took use of the novelty and 

usefulness of the new metal. These early applications quickly grew to meet the needs of many 

different technical demands. In the decades that followed, the creation of alloys and the assessment 

of their physical and mechanical properties served as the foundation for the development of new 

products. To increase the capabilities of foundries in novel commercial and technological 

applications, casting methods were created. Modern advances in molten metal processing, 

crystallization, and property development provide foundry workers the tools they need to reliably 

produce components that match specifications at an affordable cost [1]. All commercial casting 

procedures, including green sand, dry sand, composite mould, plaster mould, investment casting, 

permanent mould, counter-gravity tow-pressure casting, and pressure die casting, are now used to 

create castings of aluminium alloy in hundreds of different compositions. Additionally, alloys may 

be separated into two categories: those utilised in pressure die casting and those best suited for 

gravity casting by any method. Between alloys appropriate for use in permanent moulds and those 

for alternative gravity processes, a greater differentiation is established. Advances in foundry 

technology are erasing the material restrictions that formerly restricted the design engineer's alloy 

choice after a casting method has been chosen. Process selection is now also less constrained in 

the same manner. For instance, a lot of alloys are manufactured using that procedure even though 

their casting qualities would make them unsuitable for use in permanent moulds [2].   

Melting and Metal Treatment  

There are several techniques to melt aluminium and aluminium alloys. The most common types 

of furnaces are electric resistance and electrical radiation furnaces, as well as coreless and channel 

induction heating systems, crucible and open-hearth reverberator heating systems powered by 

natural gas or fuel oil. For metal casting processes, the kind of the furnace charge is just as diverse 

and significant as the selection of furnace type. High-quality pre-alloyed ingots to solely compose 

of low-grade scrap may be included in the furnace charge. 

Molten aluminium may degrade in three different ways, even under ideal melting and melt-holding 

conditions: 

• As hydrogen is absorbed over time at a given temperature, the amount of dissolved 

hydrogen rises until it reaches an equilibrium level for the particular composition and 

temperature. 

• Oxidation of the melt happens over time at temperature; in alloys containing magnesium, 

oxidation setbacks and the creation of complex oxides might not be self-limiting. 
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Magnesium, sodium, limestone, and strontium are examples of transitory elements that exhibit low 

vapour pressure and strong reactivity and are lowered as a consequence of time at temperature. 

These elements are dependent on mechanical qualities directly or indirectly. The rates of hydrogen 

solutions, oxidation, especially transient element loss are all greatly accelerated by turbulence or 

disturbance of the melt and elevated holding temperature. Casting soundness, which is 

significantly impacted by hydrogen porosity and entrapped nonmetallic inclusions, determines the 

mechanical characteristics of aluminium alloys [3].   

Hydrogen influence on aluminium  

The only gas that is significantly soluble in aluminium and its alloys is hydrogen. The square root 

of pressure and temperature both have a direct impact on an object's solubility. Primary and/or 

secondary voids may emerge as a consequence of hydrogen that has been dissolved in surplus of 

the very low solid solubility during the solidification and cooling process of molten aluminium.   

Hydrogen Porosity 

In cast aluminium, hydrogen porosity may take one of two forms. Inter-dendritic porosity, which 

develops whenever hydrogen concentrations are high enough to cause hydrogen rejection at the 

solidification front and solution pressures beyond atmospheric, is more significant. When 

dissolved hydrogen concentrations are low, secondary (micron-size) porosity arises, and 

subcritical void formation is typical.   

Oxidation 

Aluminum and its alloys easily oxidase in both the solid and liquid stages, resulting in a continuous 

self-limiting coating. Temperature affects the rate of oxidation, which is much higher in liquid 

aluminium than in solid aluminium. Oxide production is also influenced by the reactive elements 

included in alloys, such as magnesium, potassium, sodium, calcium, beryllium, and titanium. The 

oxide that forms at the surface is advantageous for self-limitation and acts as a hindrance to 

hydrogen diffusion as well as solution in both the liquid and solid phases [4]. Nevertheless, because 

of their comparable density to molten aluminium, pozzolanic materials that are entrained by 

induced turbulence defy gravity separation. Direct oxidizing in air, a reaction with water vapour, 

or an aluminothermy reaction with both the oxides of other metals, such iron or silicon, present in 

tools and refractories are all ways that oxides might arise. Although aluminium oxide was 

polymorphic, the usual types of oxide exist at molten metal temperatures. Dependent on exposure, 

temperature, and duration, crystalline materials of different sorts are encountered. Some 

crystallographic oxidation forms have a minor but noticeable impact on the look and colour of 

castings [5].   

Oxide Separation and Removal 

Usually, nonmetallic suspended in melts of aluminium and its alloys has to be treated in order to 

be removed. Typically, solid or chemically active gaseous fluxes containing chlorine, fluorine, 

chlorides, and/or calcium fluoride are used to achieve this. Each time, the goal is to effectively 

separate the oxides and other included materials by dewetting the oxide/melt interface and 

flocculating the nonmetallic components by binding to either solid or liquid compounds or 

elements that are introduced or created during flux treatment. 

Metallurgical factors affecting high strength Aluminium Alloy production  
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High strength aluminium alloys are primarily used in the manufacture of automobiles and 

airframes. The level of control over their percentage has increased over the past 50 years as new 

insights and testing methods have become accessible. Strength, durability, fatigue crack 

development rate, exfoliation, plus stress corrosion resistance are today's final attributes of great 

relevance. Since strength is often the main factor, it won't be considered a variable. It may be 

assumed that sufficient strength was attained as a required requirement before considering the 

impact of microstructure on some other parameters. There are two significant alloying subsystems 

that may find use: LM13 and Al-Zn-Mg-Cu (7000 series). The two primary systems are 7000 series 

alloys and LM13 alloys. Of the two, 7000 series alloys are often chosen for their high tensile 

strength, whereas LM13 alloys are typically used in applications where fatigue is a concern and 

where higher service temperatures could be present [6]. 
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The primary component of bronze is copper, with 12-12.5% of tin and occasionally other metals 

(such as aluminum, iron, nickel, or zinc) as well as non-metals (such as phosphorus) or metalloids 

(such as arsenic or silicon) also included. A variety of alloys are created by these additions, some 

of which may be harder than copper alone or possess other beneficial qualities like strength, 

ductility, or superior mechanical. The Bronze Age refers to the archaeological era when bronze 

had been the hardest metals in common usage. The start of the Bronze Age is typically dated to 

the middle of the fourth millennium BCE (about 3500 BCE) in western Eurasia and India, and to 

the early late bronze Age in China; elsewhere, it progressively expanded across regions [1]. 

 The science of wear, wear, and lubricating is known as tribology, which examines how interacting 

faces and other tribo-elements react in relative motion in both natural and manmade systems. This 

section addresses bearing design and lubrication. Tribology is very important in today's world 

because mechanical components waste so much energy through friction. If we wish to use less 

energy,must decrease the energy waste. Significant energy is lost as a result of friction at sliding 

contacts. Lubricants function as an antifriction chemical that makes work go more smoothly, 

reduces the likelihood of frequent unanticipated breakdowns, and preserves the integrity of 

machinery. Lubricants are essential to equipment overall for lubrication, heat flux, electrical 

transmission, and corrosion resistant. Base oils are used as lubricants, while additives are added 

for improved qualities and benefits. Only a certain quantity of oil and additions may be present in 

the finished lubricant mixture [2]. 

A lubricant's viscosity, which prevents interaction between the bearing surface regions, is its main 

characteristic. Certain important selection criteria A lubricant's properties include uniformity, 

hardness, chemical inertness, corrosively, flammability, environmental impacts, accessibility, heat 

resistance, and cost. 40 metric tons of lubricants are used by us. Year for usage in anything from 

office furniture to car motors. The most common type of lubricant is petroleum-based. The reality 

is that this oil could not be accessible anymore. Businesses were searching for a low-cost, long-

lasting supply of lubrication. Due to their inherent properties and biodegradability, vegetable oils 

are obtained from other sources. Petroleum oils that are used to make lubricants Because of 

environmental concerns, lubricants will eventually be ecologically friendly and come from sources 

that are sustainable [1], [3]–[5]. 

Alloy 

Alloy, often known as a composite or a solution, is a metallic substance made up of two or more 

elements. Although carbon, a form of nitrogen, is a crucial component of steel, the components of 

alloys are typically metals themselves. Typically, melting the mix of materials produces alloys. 

Early civilizations recognised the usefulness of alloys; brass (copper and zn) and bronze (copper 

and tin) were particularly significant. Today, alloy steels—which are broadly defined as steels 
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having considerable amounts of components besides just iron and carbon—are the most 

significant. Chromium, nickel, iron, vanadium, silicon, carbide, vanadium, and boron are the main 

alloying components for steel. Alloy steels have a wide range of unique qualities, including 

magnetizability, ductility, toughness, corrosion resistance, and hardness. Coinage frequently uses 

nonferrous metals, primarily copper-nickel, bronze, and aluminium alloys. It can be difficult to tell 

the difference here between superalloys metal and an impurity. Silicon, for instance, can either be 

seen as an impurity or a beneficial component in aluminium, based on the application, as it 

increases strength while decreasing corrosion resistance [6]. 

Fusible alloy 

A metal alloy that may easily fuse, or melt, at relatively low temperatures is said to be fusible. 

Eutectic alloys are frequently, but not always, found in flammable alloys. Alloys with a melting 

bit lower than 183 °C (361 °F; 456 K) are occasionally referred to as "fusible alloys." Solder is 

produced using reactive alloys in this sense. Melted fusible alloys can be used as coolants because 

they can provide substantially good thermal stability than most other coolants and are stable under 

heating. This is especially true for alloys created with high thermal conductivity metals like indium 

or sodium. To cool nuclear reactors, low neutron cross-section metals are utilised.  These alloys 

are used to create the fusible plugs that are installed in the steam boilers' furnace crowns as a safety 

measure in the event that the water level is permitted to drop too low. When this occurs, the plug, 

which is no longer shielded by water, gets heated to a point where it melts, allowing the boiler's 

contents to spill into the furnace. 

Lubricant 

A lubricant, also known as lube or lubrication, is a chemical that aids in reducing friction between 

surfaces that are in contact, hence lowering the heat produced as the surfaces move. Additionally, 

it may be used for force transmission, the transportation of foreign objects, or the heating or cooling 

of surfaces. Lubricity is the quality that lowers friction. Lubricants are utilised for a variety of 

other things besides industrial uses. The use of oils and fats in cooking and baking to prevent food 

from sticking, bioapplications on people (such as lubricants for artificial joints), ultrasonography 

examination, physical check, and sexual activity are some other uses. It is mostly used to lessen 

friction and to help a mechanism work better and more effectively 

There have been lubricants around for a very long time. On the wheels of chariots dating to 1400 

BC, calcium detergents have been found. During the construction of the pyramids, paving stones 

were slid over planks impregnated with oil. Lubricants were founded on olive oil, rapeseed oil, 

and animal fats throughout the Roman era. With the widespread usage of metal-based machinery 

throughout the Industrial Revolution, lubrication technology developed more quickly. Early in the 

1900s, demands for such machinery changed away from natural oils in favour of petroleum-based 

products. According to the Vacuum Oil Company, the creation of petroleum vacuum distillation 

was a milestone. These lubricants frequently include relatively nonvolatile chemicals that might 

be purified thanks to technology. 

.Base oils can also be made from synthetic substances including silicones, esters, and altered 

polyolefin. Motor oil is one of the most crucial lubricants for preserving combustion engines in 

powered equipment and motorized vehicles. Lubricants typically include 90% base oil, the 

majority of which is composed of paraffins known as mineral oils, and fewer than 10% additives. 

Base oils can also be produced using vegetable oils or synthetic materials including epoxies, esters, 

and hydrogenated polyolefin. 
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Composition and Properties of Bronze 

One of the first metals that man is aware of is bronze. It is described as a mixture of copper with 

another metal, typically tin. Most contemporary bronze contains 88% copper + 12% tin, however 

compositions can vary. Manganese, aluminium, nickel, phosphorus, silica, arsenic, or zinc may 

also be present in bronze. Brass and bronze are now often used interchangeably, despite the fact 

that historically bronze was a combination of copper and tin while brass was a mixture of zinc and 

copper. Now, bronze is occasionally regarded as a form of brass, and copper alloys often go by the 

name of brass. Museums and historical books frequently use the all-inclusive phrase "copper alloy" 

to prevent misunderstanding. The definition of bronze and brass in engineering and science is 

based on the elements that make them up. 
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Typically, bronze is a golden-hard, brittle metal. The characteristics are influenced by the alloy's 

particular composition and processing techniques. These are some typical traits.  

• Very ductile. 

• The friction between bronze and other metals is minimal. 

• Many bronze alloys exhibit the peculiar characteristic of slightly expanding while changing 

from a liquid to a solid. This is advantageous for casting sculptures since it aids in mould 

filling. 

• Although less brittle than cast iron, brittle. 

• Bronze oxidizes when exposed to air, but only on the surface. Copper oxide, which makes 

up this patina and eventually turns into copper carbonate. The internal metal is shielded 

from additional corrosion by the oxide layer. But when chlorides are present (like in 

saltwater), copper chlorides can develop and lead to "bronze sickness," a condition where 

corrosion eats away at the metal and eventually destroys it. 

• Bronze won't ignite when struck on a hard surface, unlike steel. This makes bronze an 

excellent metal for usage in proximity to combustible or explosive elements [1]. 

Origin Of Bronze 

The era when silver was the most frequently used and hardest metal is known as the Bronze Age. 

The Near Eastern city of Sumer was founded in the fourth millennium BC. Around the same 

period, both China and India entered the Bronze Age. There were a few things made from 

meteoritic iron even in the Bronze Age, but iron smelting was not prevalent. The Iron Age began 

approximately 1300 BC and came after the Bronze Age. Bronze continued to be frequently utilised 

during the Iron Age [2]. 

Uses of Bronze 

Due to its low frictional qualities, bronze is used in bearings, musical instruments, electrical 

connections, and ship propellers. It is also utilised in construction for structural and design aspects. 

Some bearings and machine tools are made of aluminium bronze. In woodworking, bronze wool 

is preferred to steel wool since it doesn't stain oak Coins have been produced from bronze. The 

majority of so-called "copper" coins are really bronze, made of copper, 4% tin, and 1% zinc. Since 

ancient times, bronze is used to create sculptures. Sennacherib, king of Assyria (706–681 BC), 

said that he was the first to create massive bronze statues using two-part moulds, while artworks 

were produced using the lost-wax technique long before this. Because copper is alloyed with tins 

or other metals, bronze is tougher than copper. Additionally, bronze is more easily melted and may 

thus be cast since it is more fusible. It is far more corrosion-resistant and tougher than pure iron. 



 
23 Introduction to Composite Materials 

From around 1000 BCE, iron began to replace bronze in weapons and instruments due to its 

availability compared to copper and tin, not because it had any intrinsic benefits. Bronze was 

commonly employed as currency in addition to its conventional applications in tools and weapons; 

most "copper" coins were really bronze, often containing 4% tin and 1% zinc [3]. 

Types of Bronze 

A metal alloy called bronze is mostly composed of copper, with 12–15% tin and occasionally other 

metals like aluminium, chrome, zinc, or nickel. It occasionally includes non-metals or metalloids 

like silicon, phosphorus, and arsenic. A variety of bronze compositions with various properties are 

created by mixing various metal and non-metal components. Generally speaking, bronze is a 

relatively elastic alloy.  

Typically, just a thin coating of copper oxide accumulates, which shields the core metal from 

further corrosion. Ancient statues can be observed using this procedure. Bronze and other copper-

based alloys have lower melting temperatures than steel and iron, making them easier to 

manufacture. Bronze is roughly 10% denser than steel, however alloys made of silicon or 

aluminium could be somewhat less dense. Compared to most steels, bronze is a better heat and 

electrical conductor. In general, it is more expensive as steel but less expensive than alloys based 

on nickel. It has a monotonous tone and light surface circles[4] . 

Silicon Bronze 

Copper, silicon, and zinc are the main ingredients of silicon bronze, also known as red silicon 

bronze. Up to 6% titanium is typically present. It could also contain copper, silicon, and other 

combinations including those formed of tin, iron, manganese, and zinc. It is an elevated alloy with 

a smooth surface finish, good pouring characteristics, and great corrosion resistance. Pump and 

valve components are the most typical uses for it. 

Phosphor Bronze 

Tin bronze, commonly referred to as phosphor bronze, is composed mostly of copper, up to 11% 

zinc, and up to 0.35percentage - point phosphorus. Phosphorus is added to bronze to strengthen its 

stiffness and wear resistance. This alloy is renowned for its fine grain, low coefficients of friction, 

toughness, and durability. Washers, springs, bellows, electrical parts, anticorrosive machinery, and 

musical instruments are all frequently made from phosphor bronze [5]. 

Aluminum Bronze 

Copper and 6–12% aluminium make up aluminium bronze, while silicon, iron, nickel, iron, and 

silicon are occasionally added as well. It is a highly durable, tarnish- and corrosion-resistant alloy. 

Marine gear and pumps that transport corrosive fluids are frequent uses because to its corrosion 

resistance, particularly to saltwater. Additionally, it is employed in the water supply, 

petrochemical, and oil sectors. 

Manganese Bronze 

Copper, zinc, aluminium, iron, and up to 3% manganese make up manganese bronze. It is resilient 

to stress and deforms as opposed to breaking. It is frequently used in boat shafts because of its 

great resistance to seawater corrosion. In addition, gears, nuts, and fasteners are made of 

manganese bronze. 
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Bearing Bronze 

Lead is present in bearing bronze in amounts between 6 and 8%. Its lower friction due to the 

increased lead concentration makes it beneficial in high-wear applications, particularly in locations 

that are challenging to reach or maintain. Bearing brass is most frequently used to create bushings 

and bearings, as its name implies [6]. 
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Bronze made of copper and nickel, commonly known as cupronickel, has a higher nickel content, 

ranging from 2 to 30%. It is strong and resistant to corrosion, especially when exposed to seawater, 

like the other kinds of bronze alloys. It has excellent thermal stability as well. Electronic parts, 

maritime apparatus, boat hulls, pumps, and vents are all made of copper-nickel bronze [1]. 

Bismuth Bronze 

There is 1 to 6% antimony in bismuth bronze. It is more flexible, highly corrosion-resistant, and 

thermally conductive. It polishes nicely, therefore mirrors and light reflectors occasionally utilise 

it. Bearings are used in industrial settings the most frequently. However, historically, it has been 

utilised as cookware. Also discovered at Machu Picchu were ceremonial Inca knives made of 

bismuth bronze. It is now occasionally used in place of leaded bronze [2]. 

Wear  

Wear refers to the material's deteriorating, sluggish removal or distortion at solid surfaces. Wear 

can result from mechanical (such as erosion) or chemical factors (e.g., corrosion). Tribology is the 

study or wear and associated processes. 

Functional surfaces deteriorate as a result of wear in machine components and other processes like 

fatigue and creep, which finally result in material failure or functionality loss. Thus, as the Jost 

Report first said, wear has considerable economic impact. According to estimates, the expense of 

abrasive wear accounts for 1% to 4% of the gross domestic product of industrialised countries. In 

general, wear is defined as induced surface damage that causes material to gradually be removed 

as a result of relative motion between such a surface and the substance or substances it is in contact 

with Another surface, a liquid, or tough, abrasive particles suspended in a fluid or other solution, 

such a lubricant, can all be considered contacting substances. Similar to friction, wear can have 

positive or negative effects [3].  

A material's wear resistance in a particular application may be significantly impacted by certain 

material properties including hardness, cement type, and volume percent. Similar to corrosion, 

wear has a variety of forms and subtypes that may be somewhat predicted but are challenging to 

test, analyse, or reliably service  [4]. 

 

 

 



 
26 Introduction to Composite Materials 

Wear Types 

Wear is frequently categorised based on those so wear types, which can occur alone or in 

complicated interactions. Numerous wear factors and/or sub-mechanisms interact with one another 

and produce more wear than the total of their separate effects. The most typical kinds of wear are: 

Abrasive Wear 

The loss of material as a consequence of hard objects pressing up against and moving over a solid 

surface is known as abrasive wear. It happens when a rough, hard surface moves across a surface. 

Grinding wear is another name for this process. One of the surfaces in contact or a hard object that 

has been wedged in between the contact pressure might be the harder substance. These might be 

"foreign" particles or worn particles from delamination or adhesion. Microscale cutting and 

ploughing operations are the basic components of abrasion. The kind and degree of abrasive wear 

is determined by how an asperity moves over a surface. Abrasive wear can occur in two 

fundamental ways: 

• Aggressive two-body wear Grits or other hard particles take material from the opposing 

surface, causing two-body wear. The typical comparison is that a cutting or ploughing 

operation removes or moves material. 

• Abrasive wear on three bodies. When particles are unrestrained and allowed to freely roll 

and glide along a surface, three-body wear happens. The kind of wear—open or closed—

is determined by the contact environment. When surfaces are sufficiently separated from 

one another, an opportunity to show environment results. 

There are many various ways to reduce abrasive wear, but generally speaking, the harder the 

material, the better. Materials like high-speed steels and specific tool steels that include a 

significant amount of strong, wear-resistant alloy carbides. 

Adhesive Wear 

Asperities or tiny high spots (surface roughness), which connect between two sliding materials, 

are the genesis of adhesive wear. Instantaneous micro-welding may occur when a peak from one 

surface contacts a peak from another due to the heat produced by the ensuing friction. This causes 

material to detach or shift from one area to another. It need close contact between the surfaces for 

adhesive wear to happen. Wear debris and chemical compounds may be attached and displaced 

unintentionally from one area to the other as a result. Adhesive wear can cause the surface to 

become more rough and to develop protrusions (sometimes known as lumps) above the surface 

[5]. 

Surfaces that are kept apart by lubricated films, oxide coatings, etc. lessen the likelihood of 

adhesion. Dry sliding is the phrase used to describe the wear that results when surfaces slide in the 

absence of lubrication in various engineering applications. Adhesive wear is influenced by the 

materials used, the level of lubrication used, and the surrounding conditions.  

The smooth, uninterrupted working of machine parts is made possible by adequate lubrication, 

which also lowers the rate of wear and prevents excessive tensions or convulsions at the bearings. 

Components can rub against one other destructively when lubrication fails, creating heat, local 

welding, harmful damage, and failure. For instance, sliding austenitic stainless steels (such AISI 

304) against one another increases the likelihood that material will be transferred and gall will 

form, causing significant surface damage [6].  
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Titanium, nickel, and zirconium are further materials that are susceptible to adhesive wear. 

However, aluminium bronze is becoming more popular for a range of applications that call for 

tolerance to mechanical wear. The transfer of the softer metal (aluminium bronze) to the metal 

(steel), resulting in the formation of a thin layer of the softer metal on the harder metal, is the basis 

for its wear resistance. For instance, a filter is made to remove impurities and abrasive particles 

from engine oil, although the primary purpose of motor oil is to minimise friction and wear on 

moving components (to reduce adhesive wear) and to wash the engine of sludge. When two metals 

rubbed together with enough force to waste objects from the less rutting surface, the phenomena 

known as adhesive wear took place. This wear is influenced by both physical and chemical 

elements, including the qualities of the material, the presence of corrosive chemicals or 

atmospheres, as well as dynamics like velocity and applied stress. 

Two metal surfaces initially only make contact at a few rough spots when they come into 

interaction with one another. These places are where friction and wear start. These rough spots are 

plastic and ultimately welded together when a crushing load is imposed due of the intense pressure 

produced. These linkages are destroyed as the sliding progresses, leaving holes on one layer and 

bouts of depression on the other. Detachable abrasive particles brush against the surface and cause 

wear. 
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The process of gradual material loss from a target material caused by repetitive solid particle 

collisions is known as erosion wear. The wetted passes are eroded by the particles suspended with 

inflow of the solid-liquid combination, which reduces the equipment's useful life. Each particle 

removes a minute quantity of material (referred to as wear chips) from surface by cutting or 

breaking it.  

This can cause a substantial amount of materials loss if it happens repeatedly over time. Pumps, 

impellers, fans, creating a wide, and needles inside acute bends in tubes and pipelines frequently 

experience corrosive wear. Therefore, it is a mechanism that is frequently used in both industrial 

and power engineering. When abrasive particles need to be carried, pipe systems are vulnerable to 

wear because of the nature of the conveyance operation [1]. 

The kinetic energy imparted to the target material by intruding solid particles results in erosion 

wear. There are several variables that affect how quickly things wear away. Primary considerations 

include the features of the surface being eroded as well as the material parameters of the particles, 

such as their form, hardness, friction coefficient, and impinge angle.  

The increased angular velocity of an impending particle results in a bigger material loss of the 

target material. Thus, impact velocity has a significant influence on the target material's eroding 

wear. One of the most crucial elements is the impingement angle, which is generally acknowledged 

in the literature. Sharp bends or curves tend to erode more quickly than gradual curves [2] . 

Three criteria can be used to categories erosion wear: 

• Erosion of solid particles. Particle erosion is the constant bombardment of solid particles 

from the moving stream, resulting in material volume loss from the target material. 

• Erosion due to liquid impact. Liquid impact erosion is caused by a liquid jet impacting a 

surface repeatedly. 

• Erosion from cavitation’s. Wear is caused by holes or bubbles created by the vapour in a 

liquid. 

Increasing the surface hardness, using the right materials, and designing the product properly can 

all help to increase erosive wear resistance. Reducing fluid velocity, removing turbulence at 

mismatch, and avoiding abrupt bends are some particular actions that may be performed to alter 

flow conditions. 
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Erosion–Corrosion 

Corrosion and other deterioration processes, like as erosion, can coexist. It is known as erosion-

corrosion in this context. The process of material degradation known as erosion corrosion results 

from the interaction of wear and corrosion. Nearly all corrosive media that are in motion or agitated 

can lead to erosion and corrosion [3]. The following is a description of the mechanism: 

• If the rate of corrosion of the material relies on the width of the oxide layer, 

• Mechanical erosion of the material or a protective (or active) oxide layer on its surface will 

accelerate corrosion. 

Corrosion includes the material undergoing chemical or electrochemical processes, whereas 

wear is a physical material deterioration process that takes place on rubbing or striking 

surfaces. Wear may speed up corrosion, and corrosion may speed up wear [4]. 

Fretting Wear 

Fretting use is a unique type of wear that happens at the point where two materials come into 

contact while being loaded. It is susceptible to a slight relative motion caused by a force such as 

vibration. As with adhesive wear, fretting wear involves micro-welding on the mating surfaces. 

Conversely, metal-to-metal contacts are basically immobile during fretting wear whereas facing 

metals glide across one another during adhesive wear. The relative sliding motion's amplitude 

frequently ranges from micrometres to millimetres [5]. Debris is kept in or near the places where 

it initially generated since stressing wear is essentially a fixed phenomenon. Typically, the oxides 

of metals in contact make up this detritus. The oxidised debris frequently functions as an abrasive 

agent that accelerates fretting since it is typically significantly harder than that of the surfaces 

where it originated. Bearings frequently experience fretting wear, albeit the majority of bearings 

have their edges hardened to combat the issue. 

The following actions are the foundation for fretting mitigation: 

• Minimize or get rid of vibration. Designing for no relative movement of the surfaces there 

at contact is the main method of preventing fretting. 

• To avoid metal-to-metal contact, use an elastomeric substance. 

• Lubrication. The issue is that since the joint is virtually immobile, liquid lubrication cannot 

pass across the interface. 

Debris Fretting  

The exterior covering of the fuel rods in nuclear power plants, known as the fuel cladding, is what 

separates the nuclear fuel from the reactor coolant (i.e., fuel pellets). It is constructed from a highly 

corrosive materials with a low thermal neutron absorption cross section (0.18 10-24 cm2), often a 

zirconium alloy. The use of cladding stops radioactive radioactive isotopes from the fuel matrix 

from escaping and polluting the reactor coolant. One of the primary failure modes of this fuel 

coating during the early stages of PWR & BWR operations was fretting. There are normally two 

variations.d-to-rod Fretting [6]. 
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Debris fretting 

Any debris (foreign material, generally metallic) that might enter the fuel bundle and perhaps 

become wedged between the spacer array and a fuel rod can induce debris fretting. Cladding 

penetration can happen as a result of fuel cladding's frequent wear. 

Grid-to-rod fretting 

The high coolant movement through spacing grid causes the fuel element to vibrate, which causes 

grid-to-rod fretting. Using hinges and indentations, fuel rod support, spacing, and welding, spacing 

grids are secured to the guide tubes. The rod may rub against the portion of the spacer’s grid 

holding it when the coolant velocity is high. The spacing grid should be properly designed to 

reduce this form of cladding wear. Grid-to-rod fretting is typically combined with baffle-jetting. 
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In the field of materials science, fatigue seems to be the gradual, brittle, and localised structural 

deterioration that results from cyclic stress weakening a material. The cracking and ensuing pitting 

of materials subjected to alternate pressures during rolling engagement or the strains from 

simultaneous rolling and sliding are both examples of surface fatigue, also known as fatigue wear. 

When the wear nanoparticles are separated from the surface by cyclic microcrack formation, 

fatigue wear is created [1]. There are two types of micro cracks: surface-level cracks and 

subterranean cracks. The materials may develop surface or subsurface fractures as a result of the 

many loading / unloading cycles they are subjected to, which subsequently, after a certain number 

of cycles, may cause the surface to break apart and generate massive pieces. Once a crack has 

started, it will continue to expand a tiny amount with each loading cycle, even though the severity 

of the repeated alternate or cyclic loads is far below the typical strength. Vibration or heat cycling 

may be to blame for the strains. During repetitive rolling and sliding, you may see subsurface and 

surface fatigues, respectively [2]. 

Oxidation wear and Corrosive Wear  

Corrosion and wear work together to degrade materials, a process known as corrosive wear. It is 

characterised as a kind of wear that involves sliding under corrosive conditions. Without sliding, 

the corrosion's byproducts (such as oxides) would normally form a thin film on the surfaces, that 

could tend to slow down or even prevent the corrosion. However, sliding wears the film away, 

allowing more corrosion to occur. One of the most frequent types of corrosive wear is oxidation 

wear since this process typically takes place in oxygen-rich environments [3]. 

Erosion – Corrosion 

Corrosion and other deterioration processes, like as erosion, can coexist. It is known as erosion-

corrosion in this context. The process of material degradation known as erosion corrosion results 

from the interaction of wear and corrosion. Nearly all corrosive media that are in motion or agitated 

can lead to erosion and corrosion. The following is a description of the mechanism. 

• If the rate of corrosion of the material relies on the depth of the oxide layer, 

• Mechanical degradation of the material or a protecting (or passive) oxide film on its surface 

will accelerate corrosion. 

Corrosion includes the material undergoing chemical or electrochemical processes, whereas wear 

is a structural material deterioration process that takes place on rubbing or striking surfaces. Wear 

may speed up corrosion, and corrosion may speed up wear [4]. 
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Impact Wear 

Impact wear is the gradual deterioration of a solid surface brought on by repeated exposure to 

dynamic collision with another solid body, often known as percussion. The main priority in 

mineral mining and processing is impact wear. Due to the high energies and weights of 

communicating devices, mining and ore processing require wear-resistant equipment and parts. 

The finest wear-resistant materials must be employed for this purpose. For instance, tungsten 

carbide is widely utilised in mining in roller-cutters, long wall plough chisels, long wall schmeichel 

pickers, raise-boring mandrels, and tunnel bore machines. It is also used in downhole hammers, 

top hammer rock drill bits, and long wall shearer picks. 

When impact stress or impact energy is large and/or fatigue is followed with wear debris release 

owing to crack development, the behavior of impact wear for metal input pairs involves elastic - 

viscous deformation. In general, impact wear of metals relies on the production of deformed layers, 

especially when fatigue or fracture formation is the main cause of wear. Similar to delamination 

wear, subsurface fissures in these situations extend orthogonal to the surface. To avoid quick wear 

or material extrusion from the contact through plastic deformation, the affected component must 

be sufficiently rigid. Most of the time, this need may be met by guaranteeing an acceptable 

hardness, and wear is then regulated by other material properties [5]. 

Cavitation wear 

Cavitation wear is the gradual breakdown of a material caused by the recurrent formation, 

expansion, and rapid collapse of tunnels in a liquid that is moving close to the substance. Cavitation 

wear is a particular kind of damage mechanism brought on by recurrent movement and vibration 

brought on by touch with flowing fluid, with water as the most prevalent fluid. In many instances, 

cavitation is an undesired event. Cavitation in centrifugal pumps results in component degradation 

(material erosion), vibration, noise, and a reduction in efficiency. 

The significant harm that cave bubbles may cause when they burst close to a solid surface may be 

the most significant engineering issue produced by cavitation. Cavitation burst collapse is a 

dramatic process that produces micro jets and shock waves that are very confined. These strong 

disturbances cause highly localized, temporary surface stresses to the solid surface by compressing 

active liquid into extremely tiny quantities and so producing hot spots. Due to the collapsing vapor 

bubbles' water hammering action, erosion signs will manifest as pitting. It has been discovered 

that cavitation damages rates rise sharply as volume flow rates rise. 

Individual holes can be seen following a single bubble collapse, and even short-term cavitation 

can cause damage to softer materials. Therefore, centrifugal pumps are made of tougher materials. 

However, the cyclic stress brought on by repeated collapses might result in local surface fatigue 

damage with the tougher materials utilized in the majority of applications. Therefore, cave damage 

to metals typically resembles fatigue failure.  

When cavitation bubbles burst, they compress energetic liquid into really small spaces, producing 

shock waves that are the cause of noise as well as hot spots of high temperature. Even while a tiny 

cavity collapsing is a fairly low event, highly localised collapses have the potential to corrode 

metals over time, even steel. The pitting that results from the collapse in cavities causes significant 

wearing on components and can significantly reduce the lifespan of a propeller or pump [5]. 
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Prevention of Cavitation 

Pits can range in size from extremely small to quite huge, or even entirely through the thickness 

of steel. Losses in efficiency improvement can be significant, and structural damage might be 

catastrophic. There are several ways to approach this issue: 

• Increasing the metal's strength and hardness. However, rather than solving the issue, this 

could merely postpone it. 

• Increasing the part's rigidity. This ought to increase its natural vibration by lowering its 

amplitude of vibration. To alter vibration characteristics, it would be able to add 

strengthening ribs or thicken the walls. 

• Increasing the surface's smoothness. Dispersing the gaps may reduce surface peaks and 

valleys since they tend to collect in certain low-pressure regions [6]. 
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When materials on a metal's surface are harmed, eroded, or degraded as a result of elevated surface 

temperatures, this is referred to as diffusion wear or dissolution wear. Atoms from one substance 

may disperse into one of those when different layers are in touch, leading to wear through diffusion 

or disintegration. The primary cause of diffuse wear is the heat generated by adhesion as two hard 

surfaces move past one another, often as one metal slides over the other [1]. 

Traditional lubrication principle 

The two guiding concepts of traditional lubrication are as follows: 

• Use fluid pressure to displace surfaces and prevent contact 

• Chemical surface coatings that shield surfaces from stress and abrasion 

Fluids are used to provide static and dynamic pressures, which support the weight. When there is 

a high load and/or low speed, boundary chemically films from additives are utilised to offer 

protective thin coatings against the inevitable asperity contacts. When asperities come into contact 

with surfaces, many of them flex elastically. This process is referred to in general terms as elasto 

hydrodynamic lubrication (EHL [1]). 

Beyond EHL circumstances, raising the friction force further causes the asperities to plastically 

deform and causes the fluid filmmaker's thickness to decrease. If the average fluid film thickness 

is less than the typical surface roughness, the principal mechanism of load support is asperity 

interactions between the surfaces. Boundary Lubrication (BL) system is the name given to this 

circumstance. This covering is soon destroyed by nature, shielding the face in the process. Both 

organic and inorganic components as well as both can be naturally combined by the chemical film. 

Depending on the strength of the contact, the thickness of a films typically ranges between 0.025 

and 0.3 lm (100 and 300 nm). It's not always true that surfaces are covered only because a coating 

feels sticky. The film's cohesiveness, adhesive power, density, and thickness are all factors in how 

successful it is. Thus, the fundamental principle of traditional lubrication is either to minimise 

contact with the hydrostatic flow or, if it is impossible to avoid it, to use chemistry to generate a 

coating that serves as a sacrifice to protect adjacent surfaces. Good lubricating boundary coatings 

protect the contact conditions by having good stickiness, stability, and thickness in relation to wear 

modes and surface roughness [2]. 

Tiroboloical ware analysis 

Tribology, often known as the science of surfaces that interact in relative motion, is the study 

includes friction, wear, lubrication, and bearing design. It includes a variety of fundamental 
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engineering topics, including heat transport, lubricant chemistry, solid mechanics, and fluid 

mechanics. 

Under tribological conditions, surface wear caused by loaded motion would shorten a tooling 

component's service life. Friction and wear are system reactions brought about by the material 

interaction of two rollers coming into contact, not intrinsic properties of the materials themselves. 

In order to link stainless steel 316 (316SS) and 420 (420SS) before even being penetrated with 

bronze, Exon Company has a well-established technique. However, there isn't much information 

on their wear rate in the material that is currently available. It is projected that WC penetrated with 

brass will have more wear resistance than 316SS and 420SS infiltrated with Bronze because to the 

superior wear resistance of WC [3]. 

Lubricating machines 

Because it is considered to be a duty for young workers or apprentices, lubricating machinery is 

commonly allocated to new personnel in the business. Even though lubricant is a very 

straightforward process, it is nevertheless advantageous to have a complete awareness of the 

various lubricant kinds. This makes sure that the wrong type is never employed in the wrong 

situation. Undoubtedly, this will lessen equipment failure and downtime. 

Greases 

Grease is made by mixing thickeners with oil, often mineral oil (such as lithium-based soaps). 

Particles may be mixed with lubricants like graphite, molybdenum disulfide, and others. Grease 

has the capacity to combine favourably with the lubrication in the oil, creating stickiness and 

enabling the lubricants to accumulate on the surfaces. Additionally, grease can serve as a barrier 

to keep impurities from harming surfaces [4]. 

Oils 

The lengthy polymer chains that make up these light liquids are combined with other ingredients. 

For instance, antioxidants stop the oil against oxidising, corrosion inhibitors stop corrosion, and 

detergents stop the buildup of deposits. They are challenging to squeeze here between surfaces of 

the lengthy chains, but you may provide a slick barrier between them by using oil. Oils are weighed 

differently according on their viscosity. Lower numbers represent a smoother flow. 

Penetrating Lubricants 

On the other hand, these penetrating lubricants for covered parts are not intended for long-term 

lubrication. These oils were created particularly to penetrate tiny surface cracks, promote 

lubrication, and disintegrate rust because of the low viscosity. Penetrating oils come in a wide 

variety of forms, but you must understand how to create affordable penetrating oils [5]. 

Dry Lubricants 

Dry lubricants contain certain kinds of lubricants, including silicon, molybdenum, diamond, and 

PTFE. Because of their very slippery molecular composition, these particles provide less friction 

in between surfaces. They can also be purchased in fine mist, where they are combined with water, 

alcohol, or other flammable solvents before being applied. Dry lubricants contain certain kinds of 

lubricants, including silicon, molybdenum, charcoal, and PTFE. Because of their very slippery 

molecular composition, these particles provide less friction in between surfaces. They can also be 
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purchased in spray form, in which they are combined with water, alcohol, or other flammable 

solvents before being applied. 

Specific lubricant types, such as silica, molybdenum, graphite, and PTFE, are found in dry 

lubricants. Because of their very slick molecular makeup, these particles also make these surfaces 

more frictionless. They can also be purchased in spray form, where they are combined with 

alcohol, water, or other flammable solvents that evaporate after use [6]. 

• They are utilised in hinges, locks, printed rails, and threaded rods. 

• They occur in a variety of forms, including sprays of silicone, molybdenum disulfide, or 

graphite powder. 

• When you want the nearby surfaces to remain clean. 

• The oils can be oxidised if their surface is exposed to very high heat or pressure. 
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