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Notes for Unit IV of ME 302 

Destructive and non-destructive testing methods 

• Tensile test, Compression test, shear test, bend test, 

• Different types of Hardness tests, Impact tests, Fatigue tests, Hardenability test. 

• Fracture analysis, 

• NDT Methods. 

• Diffe e t p ope ties of “teels, Alu i u  a d it s alloys, 

• Copper and it s alloys, Manganese and it s alloys, Chromium and it s alloys, Nickel and it s alloys. 

 
Why are metals tested? 

• Ensure quality 

• Test properties 

• Prevent failure in use 

• Make informed choices in using materials 

 
Factor of Safety is the ratio comparing the actual stress on a material and the safe useable stress. 

 
Two forms of testing 

• Mechanical tests – the material may be physically tested to destruction. Will normally specify a value 

for properties such as strength, hardness, toughness, etc. 

• Non-destructive tests (NDT) – samples or finished articles are tested before being used. 

 
Destructive and non-destructive testing methods 

Destructive Testing (DT) 

As the name suggests, destructive testing (DT) includes methods where your material is broken down in  

order to determine mechanical properties, such as strength, toughness and hardness. In practice it means,  
for example, finding out if the quality of a weld is good enough to withstand extreme pressure or to verify  
the properties of a material. 

These properties ca t be examined with non-destructive methods, as specimens of the material must be 

extracted. Destructive testing is generally most suitable and economic for mass produced objects, as the 
cost of destroying a small number of pieces is negligible. The samples are put under different loads and 

stress. That way we can analyze in which point your material eventually gives up and cracks. The results 
gained are then compared to regulations and/or quality guidelines. 

Benefits of Destructive Testing (DT) 

• Verifies properties of a material 

• Determines quality of welds 

• Helps to reduce failures, accidents and costs 

• Ensures compliance with regulations 

Destructive tests 

• Bend test 

• Break test 

• Tensile test 

• Hardness test 

• Impact test 

• Macro examination 

• Micro examination 
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Nondestructive testing or non-destructive testing (NDT) is a wide group of analysis techniques used in 

science and technology industry to evaluate the properties of a material, component or system without 
causing damage. The terms nondestructive examination (NDE), nondestructive inspection (NDI), and 
nondestructive evaluation (NDE) are also commonly used to describe this technology. Because NDT does not 
permanently alter the article being inspected, it is a highly valuable technique that can save both money and 
time in product evaluation, troubleshooting, and research. The six most frequently used NDT methods are 
eddy-current, magnetic-particle, liquid penetrant, radiographic, ultrasonic, and visual testing. 

Non-destructive tests 

• Visual testing 

• Radiographic testing 

• Ultrasonic testing 

• Penetrant testing 

• Magnetic particle testing 

• Eddy current testing 

• Physical testing of soil 

• Physical testing of buildings and building constructions 

 

Application- Weld verification 

In manufacturing, welds are commonly used to join two or more metal parts. Because these connections may 
encounter loads and fatigue during product lifetime, there is a chance that they may fail if not created to proper 

specification. For example, the base metal must reach a certain temperature during the welding process, must 
cool at a specific rate, and must be welded with compatible materials or the joint may not be strong enough to 

hold the parts together, or cracks may form in the weld causing it to fail. The typical welding defects (lack of 
fusion of the weld to the base metal, cracks or porosity inside the weld, and variations in weld density) could 

cause a structure to break or a pipeline to rupture. 

1. Section of material with a surface-breaking crack that is not visible to the 
naked eye. 

2. Penetrant is applied to the surface. 

3. Excess penetrant is removed. 
4. Developer is applied, rendering the crack visible. 

 
 

Welds may be tested using NDT techniques such as industrial radiography or 
industrial CT scanning using X-rays or gamma rays, ultrasonic testing, liquid penetrant testing, magnetic 
particle inspection or via eddy current. In a proper weld, these tests would indicate a lack of cracks in the 
radiograph, show clear passage of sound through the weld and back, or indicate a clear surface without 
penetrant captured in cracks. 

 

 
Tensile Testing 

• Uses an extensometer to apply measured force to an test specimen. The amount of extension can be 
measured and graphed. 

• Variables such as strain, stress, elasticity, tensile strength, ductility and shear strength can be 
gauged. 

• Test specimens can be round or flat. 
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• Cup and cone fracture signifies a ductile material 

• A shear fracture would indicate a brittle material 
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Load - extension graph for low carbon steel 
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Compression Test 

A compression test is any test in which a material experiences 
opposing forces that push inward upon the specimen from 
opposite sides o  is othe ise co p essed, s uashed , 
crushed, or flattened. The test sample is generally placed in 
between two plates that distribute the applied load across the 
entire surface area of two opposite faces of the test sample 
and then the plates are pushed together by a universal test 
machine causing the sample to flatten. A compressed sample 
is usually shortened in the direction of the applied forces and 
expands in the direction perpendicular to the force. A 
compression test is essentially the opposite of the more 
common tension test. 

 

Purpose of Compression Tests: 

The goal of a compression test is to determine the behavior or response of a material while it experiences a 
compressive load by measuring fundamental variables, such as, strain, stress, and deformation. By testing a 
material in compression the compressive strength, yield strength, ultimate strength, elastic limit, and the 
elastic modulus among other parameters may all be determined. With the understanding of these different 
parameters and the values associated with a specific material it may be determined whether or not the 
material is suited for specific applications or if it will fail under the specified stresses. 

 

Types of Compression Tests: 

In general a compression test for a material involves at least two opposing forces directed towards each other 
applied to opposite face of the test sample so that the sample is compressed. However, there are many 
different variations to this basic test setup that involve any combination of different variables. The more 
common compression tests involve forces applied to more than one axis of the specimen as well as the testing 
of the sample at elevated and lowered temperatures. Uniaxial, biaxial, triaxial, cold temperature, elevated 
temperature, fatigue and creep are all examples of different  compression tests that may be  performed upon   
a material. 

 

Almost all materials can experience compressive forces in one way or another depending upon their 
application, but the most common materials are composites, concretes, wood, stone, brick, mortars, grouts, 
polymers, plastics, foam and metals among many others. 

 
Shape of the specimen: The shape of the machine to be used for the different materials are as follows: 

 
(i) For metals and certain plastics: The specimen may be in the from of a cylinder 

(ii) For building materials: Such as concrete or stone the shape of the specimen may be in the from of a cube. 

 
Shape of stress stain diagram 

 
(a) Ductile materials: For ductile material such as mild steel, the load Vs compression diagram would be as follows 
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(1) The ductile materials such as steel, Aluminum, and copper have stress – strain diagrams similar to ones which we 

have for tensile test, there would be an elastic range which is then followed by a plastic region. 

 
(2) The ductile materials (steel, Aluminum, copper) proportional limits in compression test are very much close to those 

in tension. 

 
(3) In tension test, a specimen is being stretched, necking may occur, and ultimately fracture fakes place. On the other 

hand when a small specimen of the ductile material is compressed, it begins to bulge on sides and becomes barrel 
shaped as shown in the figure above. With increasing load, the specimen is flattened out, thus offering increased 

resistance to further shortening ( which means that the stress – strains curve goes upward ) this effect is indicated in 

the diagram. 

 
Brittle materials (in compression test) 

 
Brittle materials in compression typically have an initial linear region 
followed by a region in which the shortening increases at a higher 
rate than does the load. Thus, the compression stress – strain 

diagram has a shape that is similar to the shape of the tensile 
diagram. 

 
However, brittle materials usually reach much higher ultimate 

stresses in compression than in tension. 

 
For cast iron, the shape may be like this- 

 

Shear test 
 

Simple shear tests are widely used for material characterization 

especially for sheet metals to achieve large deformations 

without plastic instability. This work describes three different 

shear tests for sheet metals in order to enhance the knowledge 
of the material behavior under shear conditions. The test 

setups are different in terms of the specimen geometry and the 

fixtures. 

Fig.- Simple shear test specimen according to (a) ASTM B831– 
05 standard and (b) a modified  ASTM  specimen proposed 
by Merklein and Biasutti (2011). The arrows indicate the 
direction of force. 
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Bend Test 
 

What does Bend Test mean? 

A bend test is a method for measuring stiffness and yield properties of certain 
materials. Bend tests for ductility provide a simple way to evaluate the quality 
of materials by their ability to resist cracking or other surface irregularities 

during one continuous bend. In certain cases the bend test can determine 
tensile strength. 

Bend tests are common in springs and brittle materials with linear failure 

behaviors like: 

 
• Concrete/stone 

• Wood/plastic 
• Glass/ceramics 

• Powder metallurgy-processed metals and materials 

 
Bend tests are also known as bending tests. 

As per IS:1599-1985 

Hardness testing 

Hardness is the ability to withstand indentation or scratches. 

 
The te  ha d ess' is o e ha i g a a iety of ea i gs; a ha d material is thought of as one whose surface resists 
indentation or scratching, and which has the ability to indent or cut other materials. 

 
Hardness test: The hardness test is a comparative test and has been evolved mainly from the need to have some 

convenient method of measuring the resistance of materials to scratching, wear or in dentation this is also used to give 
a guide to overall strength of a materials, after as an inspection procedure, and has the advantage of being a non – 
destructive test, in that only small indentations are lift permanently on the surface of the specimen. 

 
Four hardness tests are customarily used in industry namely 

 
(i) Brinell 
(ii) Vickers 

(iii) Rockwell 

(iv) Shore Scleroscopy 
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The most widely used are the first two. 

 
In the Brinell test the indenter is a hardened steel ball which is pressed into the surface using a known standard load. 
The diameter of resulting indentation is than measured using a microscope & scale. 

 
Units: 

 

The units of Brinell Hardness number in S.I Unit would have been N/mm2
 or Mpa 

 

To avoid the confusion which would have been caused of her wise Hardness numbers are quotes as kgf / mm2
 

 

Brinell Hardness test: 
 

In the Brinell hardness test, a hardened steel ball is pressed into the flat surface of a test piece using a specified force. 

The ball is then removed and the diameter of the resulting indentation is measured using a microscope. 

 
The Brinell Hardness no. ( BHN ) is defined as 

 
BHN = P / A 

 
Where P = Force applied to the ball. 

A = curved area of the indentation 

It may be shown that 

 

 
D = diameter of the ball, 

d = the diameter of the indentation. 

 
In the Brinell Test, the ball diameter and applied load are constant and are selected to suit the composition of the metal, 
its hardness, and selected to suit the composition of the metal, its hardness, the thickness etc. Further, the hardness of 

the ball should be at least 1.7 times than the test specimen to prevent permanent set in the ball. 
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Brinell hardness test 

• Uses ball shaped indentor. 

• Cannot be used for thin materials. 

• Ball may deform on very hard materials 

• Surface area of indentation is measured. 
 

 
Vickers hardness test 

• Uses square shaped pyramid indentor. 

• Accurate results. 

• Measures length of diagonal on indentation. 

• Usually used on very hard materials 

Rockwell hardness tests 

• Gives direct reading. 

• Rockwell B (ball) used for soft materials. 

• Rockwell C (cone) uses diamond cone for hard materials. 

• Flexible, quick and easy to use. 
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Impact Tests 

Toughness of metals is the ability to withstand impact. 

• Strikes at 167 Joules. 

• Test specimen is held vertically. 

• Notch faces striker. 
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Charpy impact test 

• Strikes form higher position with 300 Joules. 

• Test specimen is held horizontally. 

• Notch faces away from striker. 
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Fatigue 

• Fatigue is due to the repeated loading and unloading. 

• When a material is subjected to a force acting in different directions at different times it can cause cracking. In 
time this causes the material to fail at a load that is much less than its tensile strength, this is fatigue failure. 

Vibration for example is a serious cause of fatigue failure. 

Fatigue can be prevented with good design practice. 

1. A smooth surface finish reduces the chance of surface cracking. 

2. Sharp corners should be avoided. 

3. Corrosion should be avoided as this can cause fatigue cracks. 
 
 

Fatigue Test 

It is a method for determining the behavior of materials under fluctuating loads. A specified mean load (which may be 
zero) and an alternating load are applied to a specimen and the number of cycles required to produce failure (fatigue 

life) is recorded. 

Generally, the test is repeated with identical specimens and various fluctuating loads. Loads may be applied axially, in 
torsion, or in flexure. Depending on amplitude of the mean and cyclic load, net stress in the specimen may be in one 

direction through the loading cycle, or may reverse direction. Data from fatigue testing often are presented in an S-N 
diagram which is a plot of the number of cycles required to cause failure in a specimen against the amplitude of the 
cyclical stress developed. The cyclical stress represented may be stress amplitude, maximum stress or minimum stress. 

Each curve in the diagram represents a constant mean stress. 

Most fatigue tests are conducted in flexure, rotating beam, or vibratory type machines. 

 
 

Hardenability Test 

The Jominy End Quench Test ASTM A 255 measures Hardenability of steels. Hardenability is a measure of the capacity 
of a steel to be hardened in depth when quenched from its austenitizing temperature. Hardenability of a steel should 

not be confused with the hardness of a steel. The Hardness of a steel refers to its ability to resist deformation when a 
load is applied, whereas hardenability refers to its ability to be hardened to a particular depth under a particular set of 
conditions. Information gained from this test is necessary in selecting the proper combination of alloy steel and heat 

treatment to minimize thermal stresses and distortion when manufacturing components of various sizes. 
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To perform the Jominy Test: First, a sample specimen cylinder either 100mm in length and 25mm in diameter, or 
alternatively, 102mm by 25.4mm is obtained. Second, the steel sample is normalized to eliminate differences in 
microstructure due to previous forging, and then it is austenitised. This is usually at a temperature of 800 to 900°C. 

Next, the specimen is rapidly transferred to the test machine, where it is held vertically and sprayed with a controlled 
flow of water onto one end of the sample. This cools the specimen from one end, simulating the effect of quenching a 
larger steel component in water. Because the cooling rate decreases as one moves further from the quenched end, you 

can measure the effects of a wide range of cooling rates from vary rapid at the quenched end to air cooled at the far 
end. 

Next, the specimen is ground flat along its length to a 

depth of .38mm (15 thousandths of an inch) to 
remove decarburized material. The hardness is 
measured at intervals along its length beginning at 

the quenched end. For alloyed steels an interval of 
1.5mm is commonly used where as with carbon steels 
an interval of .75mm is typically employed. 

And finally the Rockwell or Vickers hardness values 
are plotted versus distance from the quenched end. 

The Jominy Test data illustrates the effect of alloying 
and microstructure  on the  hardenability of   steels. 

Commonly     used     elements     that     affect    the 
hardenability of steel are carbon, boron, Chromium, Manganese, Molybdenum, Silicon, and Nickel. 

Carbon is primarily a hardening agent in steel, although to a small degree it also increases hardenability by slowing the 
formation of pearlite and ferrite. But this affect is too small to be used as a control factor for hardenability. 

Boron can be an effective alloy for improving hardenability at levels as low as .0005%. Boron is most effective in steels 

of 0.25% Carbon or less. Boron combines readily with both Nitrogen and Oxygen and in so doing its effect on 

hardenability is sacrificed. Therefore Boron must remain in solution in order to be affective. Aluminum and Titanium 
are commonly added as "gettering" agents to react with the Oxygen and Nitrogen in preference to the Boron. 

Slowing the phase transformation of austenite to ferrite and pearlite increases the hardenability of steels. Chromium, 

Molybdenum, Manganese, Silicon, Nickel and Vanadium all effect the hardenability of steels in this manner. Chromium, 

Molybdenum and Manganese being used most often. 

Creep 
 

Creep is the gradual increase of plastic strain in a material with time 
at constant load. Particularly at elevated temperatures some 
materials are susceptible to this phenomena and even under the 

constant load, mentioned strains can increase continually until 
fractures. This form of facture is particularly relevant to the turbines 
blades, nuclear rectors, furnaces rocket motors etc. 

 
The general from of strain versus time graph or creep curve is shown 

below. 

 
The general form of Î Vs t graph or creep curve is shown below for 
two typical operation conditions, In each case the curve can be 

considered to exhibit four principal features- 
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(a) An initial strain, due to the initial application of load. In most cases this would be an elastic strain. 

(b) A primary creep region, during which he creep rate ( slope of the graph ) dimensions. 

(c) A secondary creep region, when the creep rate is sensibly constant. 

(d) A tertiary creep region, during which the creep rate accelerate to final fracture. 

 
It is obvious that a material which is susceptible to creep effects should only be subjected to stresses which keep it in 
secondary (st.line) region throughout its service life. This enables the amount of creep extension to be estimated and 
allowed for in design. 

 

Fracture Analysis 

Flaws and defects in structures and components sometimes lead to disastrous results even though the stress level in a 

"perfect" structure may indicate a satisfactory design. The study of crack initiations and growth is a complicated topic 

which involves physics, chemistry, mechanics etc. The engineering field of fracture mechanics was established to 
develop a basic understanding of such crack propagation problems. 

For example, engineers usually want to know the conditions under which an existing crack will continue to grow. 

 
The energy-balance approach 

 
Griffith employed an energy-balance approach that has become one of the most famous developments in materials 
science. When a crack has grown into a solid to a depth a, a region of material adjacent to the free surfaces is unloaded, 
and its strain energy released. Using the Inglis solution, Griffith was able to compute just how much energy this is. 

 
Figure: Idealization of unloaded region near crack flanks. 

 
A simple way of visualizing this energy release, illustrated in Fig. 1, is to 
regard two triangular regions near the crack flanks, of width a and height βa, 
as being completely unloaded, while the remaining material continues to feel 
the full st ess σ. The pa a ete  β ca  be selected so as to agree with the 
I glis solutio , a d it tu s out that fo  pla e st ess loadi g β = π. The total 
strain energy U released is then the strain energy per unit volume times the 
volume in both triangular regions: 

 
U = − σ2 2E · πa2 

 
Here the dimension normal to the x-y plane is taken to be unity, so U is the 

strain energy released per unit thickness of specimen. This strain energy is 
liberated by crack growth. But in forming the crack, bonds must be broken, 

and the requisite bond energy is in effect absorbed by the material. The surface energy S associated with a crack of 
length a (and unit depth) is: 

 
“ = 2γa 

 
where γ is the surface energy (e.g., Joules/meter2) and the factor 2 is needed since two free surfaces have been formed. 
The total energy associated with the crack is then the sum of the (positive) energy absorbed to create the new surfaces, 

plus the (negative) strain energy liberated by allowing the regions near the crack flanks to become unloaded. 

 
The stress intensity approach While the energy-balance approach provides a great deal of insight to the fracture 

process, an alternative method that examines the stress state near the tip of a sharp crack directly has proven more 
useful in engineering practice. The literature treats three types of cracks, termed mode I, II, and III as illustrated in Fig. 
Mode I is a normal-opening mode and is the one we shall emphasize here, while modes II and III are shear sliding modes. 
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Figure: Fracture modes. 

 

Non Destructive Testing (NDT) 

Why use NDT? 

• Components are not destroyed 

• Can test for internal flaws 

• Useful for valuable components 

• Can test components that are in use 

Penetrant testing 

• Used for surface flaws. 

• The oil and chalk test is a traditional version of this type of testing. Colored dyes are now used. 

 

Magnetic particle testing 

• Used for ferrous metals. 

• Detects flaws close to the surface of the material. 

• The component to be tested must first be magnetized. 

• Magnetic particles which can be dry or in solution are 

sprinkled onto the test piece. 

• The particles stick to the magnetic field and flaws can be 
inspected visually by examining the pattern to see if it has 

been distorted. 

• The component must be demagnetized after testing. 
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Eddy current testing 

• Used for non-ferrous metals 

• A.C. current is passed through the coil. 

• The test piece is passed under the coil causing 

secondary currents called eddy currents to flow 

through the test piece. This causes a magnetic 
field to flow in the test piece. 

• The flaws are detected on an oscilloscope by 
measuring a change in the magnetic field. 

 
 
 
 
 
 
 

Ultrasonic testing 

Ultrasonic Sound waves are bounced off the component and back to a receiver. If there is a change in the 
time taken for the wave to return this will show a flaw. This is similar to the operation of a sonar on a ship. 

Operation. 

1. The ultrasonic probe sends the sound wave through the piece. 

2. The sound wave bounces off the piece and returns. 

3. The results are then placed on the display screen in the form of peaks. 

4. Where the peaks fluctuate this will show a fault in the piece. 

Uses. 

This is generally used to find internal flaws in large forgings, castings and in weld inspections. 
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Radiography (X-ray) Testing 
 
 

1. The x-ray are released by heating the cathode. 

2. They are then accelerated by the D.C. current and directed onto the piece by the tungsten 
anode. 

3. The x-rays then pass through the test piece onto an x-ray film which displays the results. 

4. The x-rays cannot pass through the faults as easily making them visible on the x-ray film. 

Uses. 

5. This is a test generally used to find internal flaws in materials. It is used to check the quality of 

welds, for example, to find voids or cracks. 
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Aluminum 

• Aluminum is a light metal (ρ = 2.7 g/cc); is easily machinable; has wide variety of surface finishes; good 

electrical and thermal conductivities; highly reflective to heat and light. 

• Versatile metal - can be cast, rolled, stamped, drawn, spun, roll-formed, hammered, extruded and forged into 
many shapes. 

• Aluminum can be riveted, welded, brazed, or resin bonded. 

• Corrosion resistant - no protective coating needed, however it is often anodized to improve surface finish, 
appearance. 

• Al and its alloys - high strength-to-weight ratio (high specific strength) owing to low density. 

• Such materials are widely used in aerospace and automotive applications where weight savings are needed 
for better fuel efficiency and performance. 

• Al-Li alloys are lightest among all Al alloys and find wide applications in the aerospace industry. 
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Aluminum Alloys 

• Aluminum alloys are classified into two categories – Cast and Wrought alloys. 

• Wrought alloys can be either heat-treatable or non-heat treatable. 

• Alloys are designated by a 4 digit number. Wrought – the 1st digit indicates the major alloying element. Cast 
– The last digit after the decimal indicates product from( casting - 0 or ingot -1) 

 

 

 
 

Copper 

• Copper is one of the earliest metals discovered by man. 

• The boilers on early steamboats were made from copper. 

• The copper tubing used in water plumbing in Pyramids was found in serviceable condition after more than 
5,000 years. 

• Cu is a ductile metal. Pure Cu is soft and malleable, difficult to machine. 

• Very high electrical conductivity – second only to silver. 

• Copper is refined to high purity for many electrical applications. 

• Excellent thermal conductivity – Copper cookware most highly regarded – fast and uniform heating. 
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• Electrical and construction industries are the largest users of Cu. 

• The second largest use of Cu is probably in coins. 

 
 

Copper Alloys 

• Brasses and Bronzes are most commonly used alloys of Cu. Brass is an 

alloy with Zn. Bronzes contain tin, aluminum, silicon or beryllium. 

• Other copper alloy families include copper-nickels and nickel silvers. 
More than 400 copper-base alloys are recognized. 

 
 

Copper Alloys 

Brass 

• Brass is the most common alloy of Cu – It s an alloy with Zn 

• Brass has higher ductility than copper or zinc. 

• Easy to cast - Relatively low melting point and high fluidity 

• Properties can be tailored by varying Zn content. 

• Some of the common brasses are yellow, naval and cartridge. 

• Brass is frequently used to make musical instruments (good ductility and acoustic properties). 

Bronze 

• Copper alloys containing tin, lead, aluminum, silicon and nickel are classified as bronzes. 

• Cu-Sn Bronze is one of the earliest alloy to be discovered as Cu ores invariably contain Sn. 

• Stronger than brasses with good corrosion and tensile properties; can be cast, hot worked and cold worked. 

• Wide range of applications: ancient Chinese cast artifacts, skateboard ball bearings, surgical and dental 
instruments. 

Nickel 

• Nickel is a high-density, high-strength metal with good ductility and excellent corrosion resistance and high 
temperature properties. 

• Ni has may unique properties including its excellent catalytic property. Nickel Catalyst for Fuel Cells: Nickel- 
cobalt is seen as a low-cost substitute for platinum catalysts. 

• Two-thirds of all nickel produced goes into stainless steel production. Also used extensively in electroplating 

various parts in variety of applications. 

• Ni-base super alloys are a unique class of materials having exceptionally good high temperature strength, 
creep and oxidation resistance. Used in many high temperature applications like turbine engines. 

• Shape Memory Alloys: Ni base (Ni-Ti) and Ni containing (Cu-Al-Ni) shape memory alloys that can go back to 
original form, are an important class of engineering materials finding widespread use in many applications. 

• Nickel-containing materials are used in buildings and infrastructure, chemical production, communications, 

energy (batteries: Ni-Cd, Ni-metal hydrides), environmental protection, food preparation, water treatment 

and transportation. 

Manganese 

Manganese is a silvery-gray metal that resembles iron. It is hard and very brittle, difficult to fuse, but easy to oxidize. 

Manganese is reactive when pure, and as a powder it will burn in oxygen. It reacts with water (rusting like iron) and 

dissolves in dilute acids. It is an important trace element which is essential for all species and is widely distributed in 
soil and oceans. 

The applications of manganese 

At present steel making accounts for 85% to 90% of total manganese consumption. Manganese is often used by the 
steel industry in deoxidizing and desulfurizing additives and as an alloying constituent. 

Chromium 

Chromium is a chemical element with symbol Cr and atomic number 24. It is the first element in group 6. It is a steely- 
grey, lustrous, hard and brittle metal which takes a high polish, resists tarnishing, and has a high melting point. 
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Chromium   is   remarkable   for   its    magnetic    properties:    it    is    the    only    elemental    solid    which    
shows antiferromagnetic ordering at room temperature (and below). Above 38 °C, it changes to paramagnetic. 

Chromium metal is most widely recognized for its use in chromium plating (which is often referred to simply as 

'chrome'), but its largest use is as an ingredient in stainless steels. Both applications benefit from chromium's hardness, 

resistance to corrosion, and ability to be polished for a lustrous appearance. 

Applications 

Out of the total chromite ore extracted, 95.2% was consumed by the metallurgical industry, 3.2% by the refractory 

and foundry industry, and 1.6% by chemical producers. The major uses for chromium are in stainless steels, alloyed 
steels, and nonferrous alloys. 

Stainless steels refer to a range of steels that contain between 10% to 30% chromium (by weight) and that do not 

corrode or rust as easily as regular steels. Between 150 and 200 different stainless steel compositions exist, although 

only about 10% of these are in regular use. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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