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UNIT-III 

Non-Ferrous Metals and their Alloys: Properties and Uses 

Non-ferrous metals are those that do not contain iron in significant amounts. They are 

valued for properties such as corrosion resistance, low density, high thermal and 

electrical conductivity, and workability.  

Non-ferrous metals 

Aluminum (Al) 

 Properties: A soft, ductile, and malleable, silvery-white metal with a very low density. It 

has excellent electrical and thermal conductivity and high corrosion resistance due to 

the formation of a self-protecting oxide layer. 

 Uses: 

o Packaging: Foil, cans for food and beverages. 

o Transportation: Airplanes, cars, and marine vessels, due to its high strength-to-weight 

ratio. 

o Construction: Window frames, roofing, and cladding. 

o Electrical: Power transmission lines.  

Copper (Cu) 

 Properties: A ductile, reddish-orange metal with exceptionally high thermal and 

electrical conductivity, and good corrosion resistance. 

 Uses: 

o Electrical: Wiring, cables, and motors. 

o Plumbing: Water pipes and fittings. 

o Construction: Roofing. 

o Alloys: The base metal for brass and bronze.  

Tin (Sn) 

 Properties: A silvery-white metal that is soft, malleable, and highly resistant to 

corrosion in water. 

 Uses: 

o Corrosion protection: Coating steel to create "tin cans" for food packaging. 

o Alloys: A major component in bronze and solders. 

o Electronics: Soldering material. 

Lead (Pb) 

 Properties: A very soft and heavy metal with high density, low melting point, and 

excellent resistance to corrosion. 

 Uses: 

o Batteries: Key component in car batteries. 

o Radiation shielding: Protective shielding for X-rays and nuclear materials. 

o Solders: Used in various solder compositions. 

o Ammunition: Primarily for bullets and shot.  



Zinc (Zn) 

 Properties: A bluish-white, brittle metal at room temperature that becomes malleable 

and ductile when heated. It has good corrosion resistance. 

 Uses: 

o Galvanization: Primarily used to coat steel and iron to prevent rusting. 

o Alloys: A key component in brass. 

o Batteries: Used in dry-cell batteries.  

Magnesium (Mg) 

 Properties: An extremely light metal with a low density, high strength-to-weight ratio, 

and good castability. 

 Uses: 

o Alloys: As an alloying element with aluminum to create lightweight, high-strength alloys 

for aerospace and automotive parts. 

o Automotive: Used in car components to reduce weight and increase fuel efficiency. 

o Aerospace: Used in aircraft parts for weight reduction.  

Nickel (Ni) 

 Properties: A silvery-white, lustrous, ductile, and corrosion-resistant metal that is also 

ferromagnetic. 

 Uses: 

o Alloys: A major component in stainless steel and superalloys. 

o Plating: Applied as a protective and decorative coating. 

o Batteries: A component in rechargeable batteries. 

o Aerospace: Used in gas turbines and jet engine parts.  

Non-ferrous alloys 

Copper alloys 

 Brasses: 

o Composition: Primarily copper and zinc, with some grades containing other elements 

like tin or lead. 

o Properties: Good strength and ductility, high corrosion resistance, and excellent 

machinability. 

o Uses: Musical instruments, plumbing fixtures, decorative items, and ammunition 

casings. 

 Bronzes: 

o Composition: Primarily copper and tin, though modern bronzes can 

use aluminum, manganese, or silicon as the main alloying element. 

o Properties: Harder, more durable, and more resistant to saltwater corrosion than brass. 

Often has a low coefficient of friction. 

o Uses: Bearings, gears, marine propellers, sculptures, and electrical connectors.  



Aluminum alloys 

 Duralumin: 

o Composition: Roughly 94% aluminum, 4% copper, 0.5% manganese, and 

0.5% magnesium. 

o Properties: Maximum tensile strength after heat treatment and age hardening, while 

remaining lightweight. 

o Uses: Aircraft frames, rivets, and high-performance automotive parts. 

 Hindalium: 

o Composition: An alloy of aluminum and magnesium, sometimes with a small amount 

of chromium. 

o Properties: Lightweight and corrosion-resistant, with good mechanical properties. 

o Uses: Cookware, utensils, and general household items. 

 Magnelium: 

o Composition: An alloy of aluminum and 2% to 10% magnesium, sometimes with 

copper. 

o Properties: High strength, lightweight, and good mechanical properties. 

o Uses: Aircraft and automotive components.  

Nickel alloys 

 Inconel: 

o Composition: A family of nickel-chromium-iron superalloys. For example, one common 

grade contains about 80% nickel, 14% chromium, and 6% iron. 

o Properties: High-temperature strength, excellent corrosion resistance, and oxidation 

resistance. 

o Uses: Aerospace engine components, gas turbines, and springs exposed to high 

temperatures. 

 Monel: 

o Composition: A nickel-copper alloy containing at least 63% nickel and 28% copper. 

o Properties: Superior corrosion resistance, particularly in marine environments, and 

high strength. 

o Uses: Marine hardware, pump fittings, propeller shafts, and chemical processing 

equipment. 

 Nichrome: 

o Composition: Varies, but a common version consists of 65% nickel, 15% chromium, 

and 20% iron. 

o Properties: High heat and oxidation resistance. 

o Uses: Electrical resistance wires and heating elements in furnaces and appliances.  

 

 



Anti-friction/bearing alloys 

Bearing bronzes 

Bearing bronzes are designed to have a low coefficient of friction and high wear 

resistance for use in bushings and bearings. Common types include: 

 High-Leaded Tin Bronze (e.g., UNS C93200 / SAE 660): 

o Composition: Typically contains copper, tin (e.g., 6–7%), and a significant amount of 

lead (e.g., 6–8%). 

o Properties: Excellent anti-friction properties, good machinability, and superior pressure 

resistance. 

o Uses: General-purpose bearings, bushings, and washers. 

 Phosphor Bronze: 

o Composition: Copper and tin, with a small percentage of phosphorus added. A 

common Indian Standard (IS) grade specifies 87–90% copper, 9–10% tin, and 0.1–3% 

phosphorus. 

o Properties: High fatigue resistance, excellent wear qualities, and good elasticity. 

o Uses: Bearings, springs, and gears. 

 Aluminum Bronze: 

o Composition: Copper and aluminum, often with iron and nickel. 

o Properties: High strength, toughness, and wear resistance, with excellent corrosion 

resistance. 

o Uses: Heavy-duty sleeve bearings and valve guides. 

 Gunmetal (Leaded Gunmetal): 

o Composition: A bronze containing copper, tin, and zinc. A common composition is 

88% copper, 10% tin, and 2% zinc. 

o Properties: Good castability and resistance to corrosion. 

o Uses: Bushings and bearings, especially in marine and steam applications.  

Standard commercial grades as per BIS/ASME 

 BIS (Bureau of Indian Standards): The BIS specifies material compositions and 

properties through various Indian Standards (IS). For example, IS 10569 (2005) covers 

aluminum bronze rods, bars, and sections, and IS 3091 (1999) covers aluminum bronze 

ingots and castings. 

 ASME (American Society of Mechanical Engineers): The ASME references 

standards from other organizations, such as ASTM and SAE, for material specifications. 

For bearing bronzes, standard grades like UNS C93200 (SAE 660) are often specified 

and covered by ASTM standards such as ASTM B271 and B505.  
 



Failure analysis: Introduction 

Failure analysis is the systematic process of investigating why a product, component, or structure 

has failed. Its purpose is to determine the root cause of the failure and to prevent similar failures 

from happening again. 

Key steps in failure analysis: 

 Gather background information: Collect data about the component's design, manufacturing, 

material specifications, maintenance history, and service conditions. 

 Initial inspection: Perform a preliminary visual and macroscopic examination of the failed part 

to document the extent and location of the damage. 

 Non-destructive testing (NDT): Use methods that do not damage the component to find 

flaws(any mark). 

 Destructive testing (DT) and analysis: Take samples from the failed component and conduct 

tests to determine mechanical properties and microstructural features. 

 Identify the failure mechanism: Based on the gathered evidence, determine the physical 

phenomenon that caused the failure, such as fracture, fatigue, or corrosion. 

 Perform root cause analysis: Trace the failure mechanism back to the fundamental cause, 

which could be a material defect, design flaw, manufacturing error, or misuse. 

 Provide recommendations: Suggest corrective actions to prevent recurrence. 

Fracture: Ductile fracture, brittle fracture, cleavage, and notch sensitivity-Fracture is the 

separation of a material into two or more pieces under an applied stress. The way a material 

fractures provides clues about its properties and the cause of failure. 

Ductile fracture 

 Deformation: Exhibits significant plastic deformation (stretching or necking) before fracture. 

 Energy absorption: Characterized by high energy absorption, which makes the failure more 

stable and predictable. 

 Appearance: The fracture surface is rough and fibrous due to the formation and 

coalescence( merging of elements to form one mass or whole) of microvoids. 

 Propagation: The crack propagates relatively slowly, often providing visible warning signs. 

Brittle fracture 

 Deformation: Occurs with little or no plastic deformation, leading to sudden, catastrophic 

failure. 

 Energy absorption: Involves low energy absorption, making the material vulnerable to sudden 

failure under load. 

 Appearance: The fracture surface is typically flat, shiny, and crystalline in appearance. 

https://www.google.com/search?sca_esv=eb0d7d55a8534e31&q=merging&si=AMgyJEtpyiSdZyr-ht-KvQyAhGlDEbpL21XADGlIbyEATMYb0VQbNurl7J7F-NC-nnmdvKfz_98Fo9Vp2XZOys8gqUxGJbQQBQ%3D%3D&expnd=1&sa=X&ved=2ahUKEwiMwbO208iQAxVryzgGHbJoHHIQyecJegQIIBAc


 Propagation: The crack propagates very rapidly, often without any warning. 

 

 

Cleavage 

Cleavage is a type of brittle fracture where a crack propagates along specific crystallographic 

planes (cleavage planes) in a crystalline material. It is a characteristic feature of brittle failure in 

certain metals and ceramics. 

Notch sensitivity 

Notch sensitivity is a measure of how much a material's fracture strength is reduced by the 

presence of a notch, crack, or other stress concentrator. 

 Mechanism: Notches cause a concentration of stress at their tip, which can initiate a crack. 

 Highly sensitive materials: Brittle materials like cast iron are very notch-sensitive, meaning a 

small notch can cause a significant drop in strength. 

 Low sensitivity materials: Ductile materials like mild steel are less notch-sensitive because 

plastic deformation at the notch tip can relieve the stress concentration. 

Fatigue-Fatigue is a failure mechanism that occurs in materials subjected to cyclic or fluctuating 

stresses. Fatigue damage is cumulative and can lead to failure at a stress level below the 

material's yield strength. 

Endurance limit (or fatigue limit) 

 Definition: The maximum stress amplitude below which a material can theoretically endure an 

infinite number of stress cycles without failing. 

 Applicability: Only some materials, particularly ferrous and titanium alloys, exhibit a true 

endurance limit. 



 Significance: It is a critical design parameter for components subjected to cyclic loading, such as 

rotating shafts, gears, and engine parts. 

Characteristics of fatigue fracture 

A typical fatigue fracture surface shows distinct zones: 

1. Crack initiation: A crack usually starts at a stress concentration point, such as a sharp corner or 

a surface defect. 

2. Stable crack growth: This region is characterized by smooth, concentric "beach marks" or 

"striations" that represent the step-by-step growth of the crack with each loading cycle. 

3. Sudden fracture: Final, rapid failure occurs when the crack reaches a critical size and the 

remaining cross-section can no longer withstand the load. 

Variables affecting fatigue life 

 Applied stress: The magnitude of cyclic stress is the most important factor; higher stresses lead 

to a shorter fatigue life. 

 Stress concentration: Features like notches, holes, and sudden changes in cross-section can 

create stress risers that act as crack initiation sites. 

 Surface quality: A smooth, polished surface improves fatigue life by minimizing potential crack 

initiation points. 

 Material properties: The microstructure, strength, and hardness of the material are significant 

factors. 

 Environmental factors: Corrosive environments can dramatically reduce fatigue life through a 

process called corrosion fatigue. 

 Residual stresses: Internal stresses from manufacturing can be either beneficial (compressive) 

or detrimental (tensile). 

Creep 

Creep is the time-dependent plastic deformation of a material under a constant load at elevated 

temperatures. 

Creep curve-A creep curve is a graph of strain (deformation) versus time for a material 

subjected to a constant load and temperature, illustrating the three stages of creep: primary, 

secondary, and tertiary. Primary creep shows a decreasing strain rate, secondary creep has a 

constant strain rate, and tertiary creep involves an accelerating strain rate that leads to material 

rupture. This curve is essential for understanding material behavior under high-temperature, 

long-term stress conditions. 



A plot of strain versus time for a material under constant stress and temperature typically shows 

three stages: 

1. Primary (transient) creep: The creep rate decreases over time due to work hardening. 

2. Secondary (steady-state) creep: The creep rate is constant as a balance is reached between 

work hardening and recovery. This stage is most important for engineering design. 

3. Tertiary (accelerated) creep: The creep rate accelerates rapidly, leading to fracture. This stage 

is caused by microstructural changes, necking, and void formation. 

 

 

Creep fracture 

Creep fracture, or stress rupture, occurs when a material fails due to the accumulation of creep 

deformation. 

 Characteristics: Creep fractures are often intergranular, forming along grain boundaries. 

 Appearance: Failed components may show signs of bulging and thick-edged, low-ductility 

fractures. 

Destructive testing 

Destructive testing (DT) involves testing a specimen to the point of failure to determine its 

mechanical properties. 

Tensile testing 

 Purpose: Measures a material's response to a tensile (pulling) force. 



 Process: A standard "dogbone" shaped specimen is pulled until it fractures. The applied load and 

resulting elongation are measured. 

 Results: Yield strength, ultimate tensile strength, elongation, and Young's modulus are 

determined from the stress-strain curve. 

 

Tensile testing is a destructive mechanical test that measures a material's response to being 

pulled or stretched until it breaks. The test involves clamping a sample specimen and applying a 

controlled tension to it, recording the force and the resulting elongation. This process is used to 

determine key mechanical properties like ultimate tensile strength, yield strength, and ductility. 

How it works 

 A standardized material sample is held between two grips. 

 A testing machine pulls the grips apart, applying a tensile (pulling) force to the specimen. 

 The force applied and the specimen's change in length are continuously measured. 

 The force is increased until the material fractures. 

 The resulting data is often plotted on a stress-strain curve, which provides information about the 

material's mechanical properties. 

 

  

 



What it measures 

 Yield strength: The point at which the material begins to deform permanently. 

 Ultimate tensile strength: The maximum stress the material can withstand before failure. 

 Ductility: The material's ability to deform under tensile stress, which can be observed by how 

much it stretches before breaking. 

 Young's modulus: A measure of stiffness or the material's resistance to elastic deformation. 

 Poisson's ratio: The ratio of transverse strain to axial strain. 

Applications 

Tensile testing is used across many industries to evaluate materials such as metals, plastics, 

composites, and textiles. 

 Construction: Ensuring the strength of structural components. 

 Automotive and aerospace: Testing parts for safety and performance under stress. 

 Packaging: Verifying the strength and durability of packaging materials. 

 Textiles: Evaluating the strength of fabrics and threads. 

 

Compression testing 

 Purpose: Measures a material's behavior under a crushing load. 

 Process: A specimen is placed between two platens and compressed. 

 Applications: Used for brittle materials like concrete, foams, and ceramics, and to determine 

properties like compressive strength and yield strength. 

 

Compression testing is a mechanical test that determines a material's response to crushing forces 

by measuring properties like strength, stiffness, and deformation. It is performed by applying a 

compressive load to a sample using a universal testing machine and analyzing the resulting stress 

and strain data. This process helps evaluate material integrity for a wide range of applications, 

from a product's design phase to quality control and engine diagnostics. 

How it works 

1. A standardized specimen is placed between the platens (flat plates) of a universal testing 

machine. 

2. The machine applies a gradual, controlled compressive force to the specimen. 

3. Sensors measure the force applied and the resulting deformation (strain) of the material. 

4. This data is used to generate a stress-strain curve, which reveals key properties like elastic limit, 

yield point, and compressive strength. 

Materials and applications 

 Materials: 

Used for testing various materials like concrete, composites, foam, plastics, and metals. 

 Components: 

https://www.google.com/search?sca_esv=eb0d7d55a8534e31&q=Yield+strength&source=lnms&fbs=AIIjpHxCtmkhHKu27CW9pNYJlh4RoZZ_y8scaivnpjp3a9aEstvyzM9WArA0Q4B52rAVe2QNsj_451Xh5JY5sEH7FWDtUQjtnz51CC46M9IWr6sNj_yG4JCyntw-UPVOILp8vKXrd_q5-5b99s886jX25gv4PHzaEIgmCspxQepr7MXKf1N6h2omdi5b3pQugvKsGePpVOoJZHH_5W20xoWJv89czZvKhCg3eJKtDu_nna1HibuIoDs&sa=X&ved=2ahUKEwiw6I2D1siQAxUI1TgGHT1ECr8QgK4QegYIAAgAEBg&biw=1600&bih=739&dpr=1
https://www.google.com/search?sca_esv=eb0d7d55a8534e31&q=Ultimate+tensile+strength&source=lnms&fbs=AIIjpHxCtmkhHKu27CW9pNYJlh4RoZZ_y8scaivnpjp3a9aEstvyzM9WArA0Q4B52rAVe2QNsj_451Xh5JY5sEH7FWDtUQjtnz51CC46M9IWr6sNj_yG4JCyntw-UPVOILp8vKXrd_q5-5b99s886jX25gv4PHzaEIgmCspxQepr7MXKf1N6h2omdi5b3pQugvKsGePpVOoJZHH_5W20xoWJv89czZvKhCg3eJKtDu_nna1HibuIoDs&sa=X&ved=2ahUKEwiw6I2D1siQAxUI1TgGHT1ECr8QgK4QegYIAAgAEBo&biw=1600&bih=739&dpr=1
https://www.google.com/search?sca_esv=eb0d7d55a8534e31&q=Ductility&source=lnms&fbs=AIIjpHxCtmkhHKu27CW9pNYJlh4RoZZ_y8scaivnpjp3a9aEstvyzM9WArA0Q4B52rAVe2QNsj_451Xh5JY5sEH7FWDtUQjtnz51CC46M9IWr6sNj_yG4JCyntw-UPVOILp8vKXrd_q5-5b99s886jX25gv4PHzaEIgmCspxQepr7MXKf1N6h2omdi5b3pQugvKsGePpVOoJZHH_5W20xoWJv89czZvKhCg3eJKtDu_nna1HibuIoDs&sa=X&ved=2ahUKEwiw6I2D1siQAxUI1TgGHT1ECr8QgK4QegYIAAgAEBw&biw=1600&bih=739&dpr=1
https://www.google.com/search?sca_esv=eb0d7d55a8534e31&q=Young%27s+modulus&source=lnms&fbs=AIIjpHxCtmkhHKu27CW9pNYJlh4RoZZ_y8scaivnpjp3a9aEstvyzM9WArA0Q4B52rAVe2QNsj_451Xh5JY5sEH7FWDtUQjtnz51CC46M9IWr6sNj_yG4JCyntw-UPVOILp8vKXrd_q5-5b99s886jX25gv4PHzaEIgmCspxQepr7MXKf1N6h2omdi5b3pQugvKsGePpVOoJZHH_5W20xoWJv89czZvKhCg3eJKtDu_nna1HibuIoDs&sa=X&ved=2ahUKEwiw6I2D1siQAxUI1TgGHT1ECr8QgK4QegYIAAgAEB4&biw=1600&bih=739&dpr=1
https://www.google.com/search?sca_esv=eb0d7d55a8534e31&q=Poisson%27s+ratio&source=lnms&fbs=AIIjpHxCtmkhHKu27CW9pNYJlh4RoZZ_y8scaivnpjp3a9aEstvyzM9WArA0Q4B52rAVe2QNsj_451Xh5JY5sEH7FWDtUQjtnz51CC46M9IWr6sNj_yG4JCyntw-UPVOILp8vKXrd_q5-5b99s886jX25gv4PHzaEIgmCspxQepr7MXKf1N6h2omdi5b3pQugvKsGePpVOoJZHH_5W20xoWJv89czZvKhCg3eJKtDu_nna1HibuIoDs&sa=X&ved=2ahUKEwiw6I2D1siQAxUI1TgGHT1ECr8QgK4QegYIAAgAECA&biw=1600&bih=739&dpr=1
https://www.google.com/search?sa=X&sca_esv=eb0d7d55a8534e31&biw=1600&bih=739&q=universal+testing+machine&ved=2ahUKEwizlO_q18iQAxVGS2wGHYMdHAgQxccNegQIPRAB&mstk=AUtExfAFm9mq27BwvS_pHmrbFxhrwo2U6PIXJx-gW7_nOqoRSqrITUpBGh9lw0qi-xj7LVq3yMD5D8LdfccLN_oXQoLJtK1N7MMUgJkVCUKuYFJNiPgZtzrvyo44GU7FfFljbw4&csui=3
https://www.google.com/search?sa=X&sca_esv=eb0d7d55a8534e31&biw=1600&bih=739&q=stress+and+strain+data&ved=2ahUKEwizlO_q18iQAxVGS2wGHYMdHAgQxccNegQIPRAC&mstk=AUtExfAFm9mq27BwvS_pHmrbFxhrwo2U6PIXJx-gW7_nOqoRSqrITUpBGh9lw0qi-xj7LVq3yMD5D8LdfccLN_oXQoLJtK1N7MMUgJkVCUKuYFJNiPgZtzrvyo44GU7FfFljbw4&csui=3
https://www.google.com/search?sa=X&sca_esv=eb0d7d55a8534e31&biw=1600&bih=739&q=stress+and+strain+data&ved=2ahUKEwizlO_q18iQAxVGS2wGHYMdHAgQxccNegQIPRAC&mstk=AUtExfAFm9mq27BwvS_pHmrbFxhrwo2U6PIXJx-gW7_nOqoRSqrITUpBGh9lw0qi-xj7LVq3yMD5D8LdfccLN_oXQoLJtK1N7MMUgJkVCUKuYFJNiPgZtzrvyo44GU7FfFljbw4&csui=3


Also performed on finished products and components such as springs, medical devices, and 

packaging. 

 Engine diagnostics: 

A specific type of compression test is used to check the health of an internal combustion engine 

by measuring the pressure in each cylinder to detect issues with valves, rings, or gaskets. 

Key properties determined 

compressive strength, elastic limit, yield point or yield strength, modulus of elasticity, and 

ductile fracture limits. 

 

 
 

 

Hardness testing 

 Purpose: Measures a material's resistance to permanent indentation. 

 Hardness testing evaluates a material's resistance to indentation, scratching, or wear by pressing 

an indenter into its surface and measuring the resulting mark. Common methods include the 

Rockwell, Brinell, and Vickers tests, which are widely used in quality control for materials like 

metals. It's a fast, low-damage method to assess material properties like strength and suitability 

for a specific application.  

 Brinell test: A hard, large carbide ball is pressed into the surface with a specific load. The 

diameter of the resulting indentation is measured to calculate the Brinell Hardness Number 

(BHN). 

https://www.google.com/search?sa=X&sca_esv=eb0d7d55a8534e31&biw=1600&bih=739&q=compressive+strength&ved=2ahUKEwizlO_q18iQAxVGS2wGHYMdHAgQxccNegUIlwEQAQ&mstk=AUtExfAFm9mq27BwvS_pHmrbFxhrwo2U6PIXJx-gW7_nOqoRSqrITUpBGh9lw0qi-xj7LVq3yMD5D8LdfccLN_oXQoLJtK1N7MMUgJkVCUKuYFJNiPgZtzrvyo44GU7FfFljbw4&csui=3
https://www.google.com/search?sa=X&sca_esv=eb0d7d55a8534e31&biw=1600&bih=739&q=elastic+limit&ved=2ahUKEwizlO_q18iQAxVGS2wGHYMdHAgQxccNegUIlwEQAg&mstk=AUtExfAFm9mq27BwvS_pHmrbFxhrwo2U6PIXJx-gW7_nOqoRSqrITUpBGh9lw0qi-xj7LVq3yMD5D8LdfccLN_oXQoLJtK1N7MMUgJkVCUKuYFJNiPgZtzrvyo44GU7FfFljbw4&csui=3
https://www.google.com/search?sa=X&sca_esv=eb0d7d55a8534e31&biw=1600&bih=739&q=yield+point&ved=2ahUKEwizlO_q18iQAxVGS2wGHYMdHAgQxccNegUIlwEQAw&mstk=AUtExfAFm9mq27BwvS_pHmrbFxhrwo2U6PIXJx-gW7_nOqoRSqrITUpBGh9lw0qi-xj7LVq3yMD5D8LdfccLN_oXQoLJtK1N7MMUgJkVCUKuYFJNiPgZtzrvyo44GU7FfFljbw4&csui=3
https://www.google.com/search?sa=X&sca_esv=eb0d7d55a8534e31&biw=1600&bih=739&q=yield+strength&ved=2ahUKEwizlO_q18iQAxVGS2wGHYMdHAgQxccNegUIlwEQBA&mstk=AUtExfAFm9mq27BwvS_pHmrbFxhrwo2U6PIXJx-gW7_nOqoRSqrITUpBGh9lw0qi-xj7LVq3yMD5D8LdfccLN_oXQoLJtK1N7MMUgJkVCUKuYFJNiPgZtzrvyo44GU7FfFljbw4&csui=3
https://www.google.com/search?sa=X&sca_esv=eb0d7d55a8534e31&biw=1600&bih=739&q=modulus+of+elasticity&ved=2ahUKEwizlO_q18iQAxVGS2wGHYMdHAgQxccNegUIlwEQBQ&mstk=AUtExfAFm9mq27BwvS_pHmrbFxhrwo2U6PIXJx-gW7_nOqoRSqrITUpBGh9lw0qi-xj7LVq3yMD5D8LdfccLN_oXQoLJtK1N7MMUgJkVCUKuYFJNiPgZtzrvyo44GU7FfFljbw4&csui=3


The Brinell hardness test measures a material's resistance to indentation by applying a specific 

force with a hardened steel or tungsten carbide ball. The depth of the resulting spherical 

indentation is measured, and the Brinell Hardness Number (BHN) is calculated from the applied 

load and the surface area of the indentation. This method is often used for materials with coarse 

grains or rough surfaces, such as castings and forgings.  

 

How the test works  

 Indentation: A spherical indenter (usually a hardened steel ball) is pressed into the 

material's surface with a known force for a specified dwell time. 

 Force and Ball: The test parameters include the diameter of the ball (e.g., 10 mm) and 

the applied load (e.g., 3,000 kgf). 

 Measurement: After the load is removed, the diameter of the circular indentation is 

measured, typically with a microscope, in at least two perpendicular directions. 

 Calculation: The Brinell hardness number (BHN) is calculated using the formula:  

Key characteristics  

 Deep, wide impression: The Brinell method creates the deepest and widest indentation 

of common hardness tests, which helps to average out any irregularities in the material's 

structure. 

 Suitable for coarse materials: It is ideal for testing materials that are too coarse or 

rough for other methods, like large castings and forgings. 

 Limited by material hardness: The test is not suitable for very hard materials, as the 

ball indenter may deform, leading to inaccurate results. 

 Standard notation: Results are often reported with the test conditions, such as "70 HB 

10/500/30," which indicates a Brinell hardness of 70, using a 10 mm ball and a 500 kgf 

load held for 30 seconds.  

  

 



 Rockwell test: Uses a minor and major load sequence to press a smaller indentor into the 

material. The depth of the indentation is measured and converted directly into a hardness 

number, making it quicker and easier than the Brinell test. 

 The Rockwell hardness test is an indentation test that measures a material's resistance to 

permanent deformation. It works by applying a minor load to an indenter, then a major load, and 

finally removing the major load while keeping the minor load applied. The depth of the 

indentation after the major load is removed is used to determine the material's hardness value. 

Different scales, which use different loads and indenters, exist to test a variety of materials, such 

as steel, aluminum alloys, and polymers.  

How the test is performed 

1. Apply minor load: A preliminary force, or minor load, is applied to the indenter (either a ball or 

a diamond cone) to seat it on the material's surface. This sets a zero reference point. 

2. Apply major load: An additional, larger force is applied for a specific duration to create a 

deeper indentation. 

3. Remove major load: The major load is removed, but the initial minor load remains in place. 

4. Measure depth: The change in the depth of the indentation under the minor load is measured. 

This depth is then converted into a Rockwell hardness number.  

Key components 

 Indenter: The object that is pushed into the material. It can be a conical diamond for hard 

materials or a steel ball of varying diameters for softer materials. 

 Loads: There are two loads: a minor (preload) and a major (total test load). 

 Scales: Different combinations of indenters and loads create different scales, denoted by a single 

letter (e.g., HRC for a hard steel, HRB for softer metals). 

 Hardness number: A dimensionless number that is a function of the penetration depth from the 

major load application. A smaller indentation depth corresponds to a higher hardness number. 

  

 

Bend test 



 Purpose: Evaluates a material's ductility and ability to resist fracture under bending loads. 

 Process: A specimen is bent to a specified angle over a mandrel. It is then visually inspected for 

cracks or fractures. 

A bend test is a materials testing method that evaluates a material's ductility, flexibility, and 

strength by bending it to a specific angle to check for fractures or defects. It's a simple, often 

inexpensive, quality control test used for materials like metals and plastics, and it helps ensure a 

material can withstand bending forces without breaking. The test involves a specimen being 

supported at two points and force being applied at another point (typically the midpoint) until the 

desired bend is achieved.  

What a bend test evaluates 

 Ductility: The ability of a material to deform plastically without fracturing. 

 Strength: A material's resistance to bending. 

 Soundness: Reveals internal defects, such as cracks or voids, on the outer surface of the bend.  

How it's performed 

1. Preparation: A sample specimen is prepared, often cut to specific dimensions and edges are 

sometimes deburred or ground to prevent tearing. 

2. Setup: The specimen is placed on two support anvils, which can be a fixed distance apart. 

3. Loading: A force is gradually applied to the specimen at a specific point (like the center for a 

three-point test) or multiple points, causing it to bend. 

4. Inspection: After the test, the bent specimen is inspected for any cracks or other deformities, 

especially on the outer surface of the bend.  

 

 

 

Torsion test 



 Purpose: Evaluates a material's behavior under twisting forces (torque). 

 Process: A specimen is twisted, and the torque and angle of twist are measured. 

 Applications: Used for shafts, wires, and fasteners to determine shear modulus and torsional 

strength. 

 Torsion testing is a type of mechanical testing that evaluates the properties of materials or 

devices while under stress from angular displacement. Torsion testing can be split into two 

distinct categories: testing raw materials like metal wires or plastic tubing to determine 

properties such as shear strength and modulus, or functional testing of finished products 

subjected to torsion, such as screws, pharmaceutical bottles, and sheathed cables. The most 

common mechanical properties measured by torsion testing are modulus of elasticity in 

shear, yield shear strength, ultimate shear strength, modulus of rupture in shear, and ductility. 

    

  

 

Fatigue test 

https://www.instron.com/en/resources/glossary/yield-strength/


 Purpose: Determines the fatigue life and endurance limit of a material under cyclic loading. 

 Process: A specimen is subjected to repeated load cycles until failure. Tests are run at different 

stress levels to generate an S-N curve. 

A fatigue test is a mechanical engineering procedure used to determine a material's ability to 

withstand repeated, cyclic loading (stresses from tension, compression, bending, etc.) over 

time. These tests are crucial for predicting a component's lifespan and ensuring its safety under 

real-world conditions, as fatigue can cause failure at loads below the material's ultimate 

strength. The results are often used to create S-N curves, which plot stress versus the number of 

cycles to failure.   

What a fatigue test does 

 Evaluates durability:  

It assesses how a material will hold up under repeated stress, which is common in many 

applications like aerospace, automotive, and structural engineering.  

 Predicts lifespan:  

It helps determine the number of stress cycles a component can endure before it fails, which is 

known as its fatigue life.  

 Identifies weaknesses:  

By applying various cyclic loads and measuring the results, engineers can identify critical 

locations and potential flaws in a design.  

 Informs design improvements:  

The data gathered allows engineers to optimize material choices and design components to be 

more resistant to fatigue failure.  

How a fatigue test works 

 Applies cyclic loads:  

A specimen is subjected to a series of repeated stresses in a controlled manner. This can be in the 

form of tension, compression, bending, torsion, or a combination.  

 Measures cycles to failure:  

The test runs until the specimen fractures, and the number of stress cycles it endured is counted.  

 Uses sensors:  

Devices like strain gauges and load cells are used to accurately measure the forces and stresses 

on the test specimen.  

 Generates data:  

The results from multiple tests can be plotted on an S-N curve (stress vs. number of cycles to 

failure), which is a key tool for engineers to predict material behavior.  

https://www.google.com/search?sa=X&sca_esv=eb0d7d55a8534e31&biw=1600&bih=739&q=S-N+curves&ved=2ahUKEwiquLzb3siQAxU5xjgGHRxwBgQQxccNegQILRAB&mstk=AUtExfCg-kjnp_eNcxiKJ9yvL1JNDpsj4RVHFv9Iq7VEAmYHcx21a1rD-qf4L6ZOqXNLvL8XRwVO7sblSMNqBN2m-GQaoxvDgTL_QVDPDxsb3aZZklYadVZ0IKFx2yWwgXkFI1Q&csui=3


  

  

 

Creep test 

 Purpose: Measures the time-dependent deformation of a material at elevated temperatures under 

a constant load. 

 Process: A specimen is placed in a high-temperature chamber, subjected to a constant load, and 

its elongation is measured over time. 

A creep test is a material science experiment that measures how much a material deforms over 

time when subjected to a constant stress or load at a constant temperature. This test is used to 

determine a material's long-term strength and stability, especially under high-temperature 

conditions found in applications like jet engines or pipelines. The results are often plotted as 

strain versus time and are used to predict the material's lifespan .                                               

What is measured 

 Deformation: The change in the material's shape or length is the primary measurement. 

 Strain: This is the measure of deformation, often plotted on a graph against time. 

 Time: The test runs for an extended period, sometimes thousands of hours. 

 Temperature: The test is conducted at a specific, constant temperature, often elevated, to mimic 

real-world conditions. 

 Stress: A constant load is applied to the specimen throughout the test.  

 



How it works 

1. A specimen of the material is prepared. 

2. The specimen is placed in a testing machine and subjected to a constant elevated temperature. 

3. A constant load is applied to the specimen. 

4. The deformation of the specimen is measured and recorded at regular intervals over an extended 

period. 

5. The results are plotted on a graph to show the rate of creep.  

 

 

 

 



Non-destructive testing (NDT)- 

NDT methods inspect materials or components for flaws without damaging them. 

Visual inspection (VT) 

 Principle: The most basic NDT method, involving the visual observation of a component's 

surface for defects such as cracks, corrosion, and misalignment. 

 Tools: May use mirrors, borescopes, or magnifying glasses for hard-to-reach areas. 

 

Magnetic particle inspection (MPI) 

 Principle: Used on ferromagnetic materials. A magnetic field is applied, and fine magnetic 

particles are dusted onto the surface. Surface and near-surface cracks disrupt the magnetic field, 

causing the particles to gather and reveal the defect. 

 Detection: Can use dry or wet particles, often fluorescent, for better visibility. 

 

Liquid penetrant test (PT) 

 Principle: A liquid dye (penetrant) is applied to the surface of a non-porous material and 

allowed to seep into surface-breaking flaws. Excess penetrant is removed, and a developer is 

applied, which draws the penetrant out of the flaws, making them visible. 

 Detection: Can be used on a wide range of materials and is effective for detecting surface cracks 

and pores. 

 

Ultrasonic inspection (UT) 

 Principle: High-frequency sound waves are introduced into the material. Flaws, such as cracks 

or voids, cause reflections (echoes) that are detected and analyzed to determine the flaw's size 

and location. 

 Applications: Used for detecting internal defects and measuring material thickness. 

 

Radiography (RT) 

 Principle: Uses X-rays or gamma rays to produce a film or digital image of the component. 

Internal features and defects, such as porosity, inclusions, and cracks, show up as variations in 

contrast on the image. 

 Applications: Used for inspecting welds, castings, and complex components. 

 



Corrosion 

and Surface Engineering 
 

Nature and Causes of Corrosion 

Corrosion is the gradual deterioration of materials, typically metals, due to chemical 

or electrochemical reactions with their environment, converting a refined metal into 

a more chemically stable form such as an oxide, hydroxide, or sulfide. The primary 

causes include exposure to air (oxygen), moisture (water), acids, salts, pollutants, 

and contact with dissimilar metals. 

 

Electrochemical Reactions 

Most corrosion is an electrochemical process involving an anode (where 

oxidation/metal dissolution occurs) and a cathode (where reduction/electron 

acceptance occurs), connected by a metallic path and an electrolyte. 

 

Electrolytes 

An electrolyte is a conductive medium (e.g., water with dissolved salts, acids, or 

bases) that facilitates the transport of ions between the anodic and cathodic regions. 

The presence of electrolytes (like salt in water) significantly increases the rate of 

corrosion by enhancing the conductivity of the medium. 

 

Factors Affecting Corrosion 

1.Environment: 

High humidity, temperature, and the presence of corrosive gases or salts (especially 

near the sea) accelerate corrosion. 

2.Material Properties: 

Reactivity: More reactive metals (lower electrode potential) corrode faster. 

Purity: Impurities in a metal can set up local electrochemical cells, increasing 

corrosion. 

Passivity: Some metals (e.g., stainless steel, aluminum) form a stable, protective 

oxide film that prevents further corrosion. 

3.Physical Conditions: 

Stress/Strain: Areas of higher stress or strain (cuts, bends) are more susceptible to 

corrosion. 

Temperature: Higher temperatures generally increase the rate of corrosion. 

pH: Acidic environments (low pH) are generally more corrosive than neutral or 

basic ones. 



Types of Corrosion 

Corrosion can be classified by its appearance or mechanism: 

 Uniform: Even attack over the entire surface. 

 Galvanic: Occurs when two dissimilar metals are in electrical contact in an 

electrolyte; the more active metal corrodes preferentially. 

 Crevice: Localized corrosion in confined spaces where fluid access is limited. 

 Pitting: Localized corrosion that creates small holes or pits. 

 Intergranular: Occurs along the grain boundaries of the metal. 

 Stress Corrosion Cracking: Caused by the combined action of a corrosive 

environment and mechanical stress. 

Corrosion Control 

 Material Selection: Choosing corrosion-resistant materials (e.g., noble metals, 

specific alloys like stainless steel or titanium) appropriate for the service 

environment. 

 Environment Control: Removing corrosive elements from the environment (e.g., 

deaeration of water, using dehumidifiers, adding corrosion inhibitors to the 

medium). 

 Design: Avoiding sharp corners, crevices, and situations that trap moisture or create 

galvanic couples between dissimilar metals. 

 Protective Coatings: Applying barriers or more active coatings (see below). 

 Cathodic Protection: Supplying a protective electrical current, often using a 

sacrificial anode (more active metal like zinc or aluminum) that corrodes instead of 

the protected structure (e.g., pipelines, ships). 

Surface Engineering Processes 

Surface engineering modifies the properties of the surface phase to reduce 

degradation from wear, corrosion, and fatigue. 

 Coatings and Surface Treatments: 
o Cleaning and Mechanical Finishing: Processes like sandblasting, bead blasting, 

polishing, and acid pickling are used to prepare the surface by removing oxides, rust, 

oils, and other contaminants before coating or treatment. 

o Organic Coatings: Paints, lacquers, and polymer-based coatings provide a barrier to 

slow the diffusion of water and oxygen to the metal surface. 

o Electroplating and Special Metallic Plating: An electrochemical process where a 

layer of a desired metal (e.g., nickel, chromium, zinc, gold) is deposited onto a 

substrate using an electric current to enhance corrosion resistance, wear resistance, 

or appearance. Electroless plating is a related process that does not use an external 

electric current. 

o Electropolishing and Photo-etching: 
 Electropolishing: The reverse of electroplating, using an electrochemical process to 

remove a thin, controlled layer of metal, especially from stainless steel. It selectively 



removes microscopic peaks and burrs, resulting in a smooth, bright, ultra-clean, and 

highly passivated surface. 

 Photo-etching (or chemical etching): A highly accurate process using chemical 

methods (often combined with photolithography) to remove material to create 

intricate designs or patterns, especially for electronic components. 

o Conversion Coatings: Formed by a chemical or electrochemical reaction that 

transforms the metal's surface into a protective layer that enhances corrosion 

resistance and paint adhesion: 

 Oxide Coatings (Anodizing): An electrolytic process that forms a protective oxide 

film, commonly on aluminum and magnesium alloys. 

 Phosphate Coatings: A chemical process creating a crystalline phosphate layer, 

widely used in the automotive industry for rust proofing and as a base for paints. 

 Chromate Coatings (Passivation): Forms a thin, protective chromate film on 

metals like aluminum, zinc, and cadmium, significantly boosting corrosion 

resistance. 

o Thin Film Coatings: Applied through vapor deposition techniques: 

 PVD (Physical Vapor Deposition): Processes like sputtering or evaporation deposit 

a thin film in a vacuum, improving strength and durability. 

 CVD (Chemical Vapor Deposition): A process where a volatile precursor reacts or 

decomposes on the substrate surface to produce a uniform film. 

o Hard-facing, Thermal Spraying and High-Energy Processes: 
 Hard-facing: Applying a hard, wear-resistant material to a surface by welding or 

spraying to reduce wear and abrasion. 

 Thermal Spraying: A group of processes (e.g., High-Velocity Oxygen Fuel 

(HVOF), plasma spray) that melt or semi-melt materials (metals, ceramics) and 

spray them onto a substrate to form a thick, protective coating. 

 High-Energy Processes: Techniques like laser cladding or electron beam treatments 

for surface modification. 

Process/Material Selection 

Selection depends on the required performance (corrosion resistance, wear 

resistance, aesthetics), the substrate material, cost, and environmental 

considerations. 

Pollution Norms for Treating Effluents 

Effluents from surface engineering and metal finishing processes (especially 

electroplating, pickling, and chromate conversion) are hazardous and contain heavy 

metals (Cr, Ni, Zn, Cu), acids (sulfuric, phosphoric, hydrochloric), cyanides, and 

other toxic chemicals. 

 Standards: Effluent treatment must comply with national and local environmental 

regulations. In India, the Central Pollution Control Board (CPCB) sets the standards. 

 Key Norms: 
o Neutralization: Acidic and alkaline effluents must be mixed and neutralized to a 

specific pH range (typically 6.5 to 8.5). 



o Heavy Metal Removal: Various methods (chemical precipitation, ion exchange, 

membrane filtration) are used to remove heavy metals to below prescribed limits 

(e.g., for Cr, Ni, Zn, Cu). Hexavalent chromium must be reduced to trivalent 

chromium before precipitation. 

o Cyanide Treatment: Cyanide-containing effluents require specific oxidation 

treatments (e.g., alkaline chlorination) to break down the cyanide. 

o Suspended Solids Removal: Coagulation, flocculation, and sedimentation/filtration 

processes remove solid particles. 

o Monitoring: Continuous monitoring of key parameters (pH, heavy metal 

concentrations, Chemical Oxygen Demand (COD), Biological Oxygen Demand 

(BOD), Total Suspended Solids (TSS)) is mandatory, with regular reporting to 

regulatory bodies. Adherence to these norms is essential for environmental 

stewardship and legal compliance. 

 


