MATERIAL SCIENCE

SHORT ANSWER QUESTIONS

1) Explain space lattice?

A space lattice is defined as an infinite array of points in three dimensional in which every point has surroundings identical to that of every other point in the array

A two dimensional square array of points gives a square lattice.

Two ways of choosing a unit cell are illustrated.
2) What is lever Rule?

Between liquidus ,and solidus lines both liquid  phase and solid phase co-exist under equilibrium and the relative amount of both liquid phases and solid at a given temperature and composition can be calculated by a rule, called as lever rule.

3) Explain Burgers vector?

The displacement distance for atoms around dislocation is called Burgers vector.

It is a measure of magnitude and direction of slip due to dislocation moment.
4) What is martempering?

Martempering is the process of heating steel to its Austenitic stage and quenching it to a temperature slightly above the M.S point.

5) What are High alloy steels?

The steels those are containing more than 10 percent alloying elements are called as high alloy steels. Alloying elements are (Chromium, Manganese, Tungsten, Vanadium etc.,)
6) Explain ductile to brittle transition temperature?

If the temperature of the metal decreases, ductility decreases and brittleness of that material increases.
7) What are the advantages of NDT?

1) NDT can perform on a product without destroying it

2) It is simple and can be performed easily.
3) It can perform on all the work pieces in a lot 

4) The defect can be found easily in a work piece by conducting this non destructive test
8) Define planes and directions?

Planes: The space occupied (or) the arrangement of crystals in a structure of material is identified by the planes such as x, y, z planes.

Directions: The crystals in a structure have definite directions in a plane is called crystal directions. We have identified the crystals in a plane by the specific directions called crystal directions.

9) What are different point defects ? Explain.

1) Vacancy:
Absence of atoms from a regular lattice point is called vacancy.

2) Schotky defect:The pair of vacancy is caused by removal of positive ion and negative ion is called shotky defect.

3) Frankel defect:-
If an ion is displaced from the normal lattice point to the interstitial site, then the defect is called frankel defect.
4) Interstitial defect:- Interstitial defect is formed interstitially when an extra atom is   inserted into the lattice at a normally unoccupied site.

5) Substitutional defect:-When one atom in a lattice is replaced by other different   atoms which may be impurity, such atom may be smaller (or) larger than the original atom

10) What is a phase rule and give it uses?

The rule which is based on the thermodynamic equilibrium of the various phases in the system is called phase rule. It is expressed as 
P+F=C+N

Different phases of the material under different compositions and also temperatures at which the phases occur can be known.
11) Classify surface hardening methods ?
(1) Flame Hardening
(2) Induction hardening
(3) Carburising


(4) Carbonitriding
(5) Nitriding
(6) Cyaniding.

12) What is the effect of W, Cr and Mn of alloying elements in steels ?

Effect of tungsten (W):

1) Imparts red-hardness and high  strength to the steel.

2) Carbide forming tendency is very high.

3) Inhibits grain growth and considerably increases cohesive force.

Effect of chromium (Cr):-

1) Increases strength and hardness without seriously affecting ductility

2) Increases wear and corrosion resistance

3) Increases  the critical temperature 

4) Carbide forming element

5) Improves hardenability and toughness

Effect of manganese (Mn):-

1) Increases the hardenability of steel 

2) Lowers the melting point of iron

3) Forms a carbide, their by tends to harden the steel

4) Counter acts sulphur brittleness.

5) Decreases the critical temperatures.
13) Explain eutectoid and eutectic reaction.

In eutectoid system transformation within the solid state in which one solid transforms into different solids. This invariant reaction is called eutectoid reaction and can be written as 
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The components A and B are completely soluable in liquid state but completely insoluable in solid state.
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14) Why steels are subjected to tempering after hardening?

The hypereutectoid steel with its fine grained martensitic structure is harder than the hypoeutectoid steels. Because the cementite crystals harder than martensite crystal are the unfavorable characteristics, such as high hardness and brittleness.These structures are eliminated by subsequent heat treatment called tempering.

The primary objects of tempering are

1. To reduce the thermal stresses
2. To stabilize the structure of the metal

3. To reduce hardness, brittleness

4. To increase toughness and ductility.

15) What is martensite ? Why it is so hard?

The process of hardening and subsequent tempering can be avoided if the martenstic transformation can be brought about with minimum internal stress in the steel. As the internal stresses are developed due to the differential cooling rates existing at the surface,the quench temp gradient can be minimized by interrupted quenching.hence the martensite is so hard.
16) What are bronzes? Give one example with applications?

Alloys of copper with other elements (except zinc) are also called bronzes 
ex:- Aluminum-bronze, phosphor bronze etc., 

Bronze is an alloy of copper and tin It is comparatively hard, resists surface wear and can be rolled in to sheets and cast  into shape. It has greater corrosion resistance than brass.
Bronze (contains 9 to 11% tin) is widely employed for intricate castings, ball bearings, races and fitting for stream and water pipelines.

17) What is CRSS & explain?

The stress at which slip starts in a crystal depends on the relative orientation of the stress axis with respect to the slip plane and the slip direction. When a tensile stress is applied to a crystal, the shear stress is resolved on a slip plane..

The resolved shear stress should reach a critical value called the (CRSS) critical resolved shear stress for plastic deformation to start. It is evident that all slip in a crystal will not have the same resolved shear stress for a given tensile stress along an axis.

18) Define the creep and fatigue.
Creep:  The slow and progressive deformation of a material with time at constant stores is called creep. Depending on temperature, creep is very important property to be considered,while designing the components to withstand stress while at relatively high temp.

Fatigue: Failure of material under repeated (or) reversal stores is called fatigue.

19) Give the principle and applications of dye penetrant test?
This method is used to defect surface cracks in castings The surface is covered with fluorescent liquid which penetrates in to the flaws excess liquid is removed and the surface is dusted to draw out liquid and reveal the crack.

20) Define Hall effect.
When a magnetic field is applied perpendicular to a current carrying conductor or Semi Conductor , a voltage is developed across the specimen in a direction perpendicular to the current and the magnetic field. This phenomenon is called the hall effect.
21)  Define screw – Dislocation.
If the lattice points traced a helical path ground the dis-location, then it is called screw dislocation. 

22) What is single crystal?
When the atomic pattern is continues throughout the whole volume of the metal, this state is uncommon, then it is called as single crystal.
23) Define fick’s law of diffusion.
Fick’s law of diffusion can be defined as the mass flow process by which atoms change their positions relative to their neighbors in a given phase under the influence of thermal energy and a gradient.
24) What is carburizing?
Carburizing consists of introducing carbon in to surface of the steel. Carburizing is most widely used for securing hard. Wear resistant  surface and a tough core. In these processes, low – carbon (or) low – Carbon alloy steel are heated in contact with carbonaceous material from which the steel absorbs carbon.

The two principal types of the processes are.

Solid (Pack) Carburizing and Gas Carburizing. 
25) List of types of crystal defects?

The types of crystal defects are.

1. Point defects

(a) Vacancies
(b) Interstitially
(c) Injuries
(d) Electronic defect
 
2. Line defects

(a) Edge dislocation
(b) Screw dislocation
3. Surface defects

(a) Grain boundaries
(b) tilt boundaries 
(c) stacking faults 
              (d) twin boundaries
(e) Ferromagnetic domain whelk 

4. Volume defects

(a) Cracks 
(b) voids 
(c) Air bubbles.
26) What is phase rule?

Phase rule:
In 1876 gibbs introduced phase rule, which predicts the relationship between the number of phases,the number of the component s and the degree of freedom. The gibbs phase rule is expressed by the relation. P + F = C + 2 Where,


P = No. of phases in a system, F= Degree of freedom and  
C= No. of components in the system 

27) Show the (111) direction in the cubic structure

(i) Firstly chose the system of the co-ordinate axis

(ii) Find the intercepts of the plane on the coordinates axis

(iii) Find the reciprocals of the co ordinates.

(iv) Millen indices are obtained by above procedure 

28) Name the crystal structure of the Copper and Cadmium

The crystal structure of the copper is face centered cubic (FCC) structure.

The crystal structure of the cadmium is HCP which is Hexagonal close packed structure.

29) Give the importance of the heat treatment process?

i) To reliev internal stresses and softening for further deformation.

ii) Refining the grain size to improve mechanical properties.

iii) Improving the machine ability 

iv) Altering the surface condition.

v) Increasing the corrosion and wear resistance.

30) Indicate the benefits of non destructive testing of material.
Non destructive tests are used to study the internal defects and surface defects. These are the excellent methods used to achieve and control guilty in the metal products.
31) How does the Ni and Cr affect the steel?

Nickel: Nickel is used for grain refinement. It promotes the formation of free graphite. This gives toughness to the casting.

Chromium: It stabilizes the carbides present and increases the hardness and wear resistance of the casting.

32) Why it is difficult to machine CI compared to grey cast iron?

White castirons are made by limiting the silicon % to 1.3%. All the carbon exists as cementite and the name white refers to bright fractured surface. Generally consists of carbon 2 to 3% silicon 0.1 to 1.65%, manganese 0.4 to 0.8% phosphorous 0.15%, Sulphur 0.15%. IT is very hard and brittle and difficult for machining and cannot be welded also.
33) Crystal system
A crystal structure is the smallest group of atoms possessing  the symmetry of the crystal which repeated in all direction will develop the crystal lattice (or) crystal system. They are 14 possible types of space lattices and they fall to 7 systems. 

34) Vacancy
This refers to an atomic site from where the atom is missing from the site.

35) Gibbs rule
The gibbs phase rule is given by 
C + F = P+2

Where
F = Degree of freedom,
C = No of components and P = Number of phases in equilibrium
36) Tool Steel
The high carbon steels containing 0.9 to 105% carbon these are called too steels with proper hear treatment these steels attains good hardness, wear resistance along with toughness.

They are widely used for gears, dies, files, drills etc., 
37) Nimonic: (Nimonic alloy)

It contains 80%, Nickel and 20%, Chromium and small amounts of cobalt, titanium, aluminium and carbon.

It has high creep strength, due to addition of titanium and Aluminium.
38) Isothermal transformation

When steel in austenitic state is held at any constant temperature lower than the minimum temperature at  which austenite is stable, it will transform to pearlite and then martensite after quenching with respect to time. This transformation may be represented by plotting percentage of austenite transformed against corresponding elapsed time at constant temperature.
39)Visual inspection:

 Inspection of welded joints and forgings through naked eye comes under visual inspection.
This also include fiber scopes, bore scopes, magnifying glasses and mirrors

Portable video inspection unit with zoom is also used in the inspection of large tanks and vessels, sewer lines.
40) Define space lattice and defect.

Space lattice: The regular 3-D arrangement of atoms  is called space lattice.
Defect: Atoms are arranged not in regular pattern in the crystal is called crystal defect onedimension  defects are called dislocations.

41) Show that packing factor of an face centered cubic (FCC) crystal is 0.74

A unit cell of face centered cubic structure consists of atoms located at each corner of cube as well at the centre of each face.
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42) How many types of crystal systems are possible?

They are 7 types of crystal systems.
1. Tricline.
2.Monoclinic.
3. Rhombonbohedral. 4.Otherhombic. 5. Hexagonal. 6.Tetragonal. 7. Cubic system.

43) Distinguish between unit cell and primitive cell.

Unit cell:- It is the simple part of crystal lattice which repeats itself  in the geometry of a crystal.

Primitive cell:- When the particles are present only at the corners of unit cell, then it is Called primitive unit cell,or primitive cell.
44) What is Transition Temperature?
The temperature at which the phase changes takes place is called transition temperature.
45) Explain and why amorphous materials solidify once on a range of temperature but crystalline materials exhibits sharp freezing points.

The crystal exhibits a sharp melting point in contrast to the amorphous line materials, which gradually soften over a range of temperature. As a result of regularity of the arrangement, the atoms or molecules in a crystal are more closely packed. Hence the crystalline form has a higher density than the amorphous form. The closer packing in the crystal tends to increase the average strength of the secondary bonds present.

46) What do you understand by Annealing?

Annealing is the process  of  heating a metal which is in a distorted  structural state  to a temperature which will remove the instability or distortion and then cooling is usually at a slow rateso that the room temperature structure is stable and/or strain free.

Purpose of Annealing:
i. Inducing a completely stable structure

ii. Refining and homogenizing the structure

iii. Reducing  hardness

iv. Improving machinability

v. Improving cold working ,characteristics (process Annealing)for facilitating further cold work

vi. Producing desired  microstructure

vii. Removing residual stresses

viii. Removing gases

ix. Improving mechanical,physical,electrical and magnetic properties

     Concept of Annealing:
i. When applied to ferrous alloys ,the term Annealing ,generally implies full Annealing.

ii. When applied to non ferrous alloys,the term Annealing implies a heat treatment designed to soften an age –hardened alloy by causing a nearly complete precipitation of the second phase in relatively coarse form.

iii. Any process of  annealing will usually reduce stresses,but if the treatment is applied for the sole purpose of such relief, it should be designated stress relieving.
47) Define Dislocation?

Dislocations are a line defect that exists in metals.A dislocation is a crystallographic defect or irregularity with in a crystal structure. The presence of dislocations strongly influences many properties of materials. Dislocations are generated and more than a stress is applied .The motion of dislocations allows slip plastic deformation to occur.

There are two types of dislocations they are:
1. Edge dislocation

2. Screw dislocation
48)  Define lever rule?

 The lever rule is a tool used to determine weight percentages of each phase of a binary equilibrium phase diagram. It is used to determine the percent weight of liquid and solid phases for a given binary composition and temperature that is between the liquidus and solidus.

           In an alloy with two phases, α and β with themselves contain two elements, A&B, the lever rule states that the weight percentage of the α phase is
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Where 

a=weight percentage of element B in the α phase

b= weight percentage of element B in the β phase

c= weight percentage of element B in the entire alloy.

All at some fixed temparatures.
49) Define Annealing?

Annealing  is a term used to denote any heat treatment in which like microstructure and therefore the properties of a material are altered.

        Annealing typically refers to heat treatment in which a cold worked metal is softened by allowing it to recrystalize.
50) What is magnetostriction?

When a rod of ferromagnetic material such as iron or nickel is placed in a magnetic field parallel to its length, a small expansion or contraction occurs .This change of length is independent of the sign of the field and depends only upon the magnitude of the field and nature of the material.
51) What are the miller indices?

It is a system of notation of planes with in a crystal of space lattice. They are based on the intercepts of the plane with the 3 crystal axes. The intercepts are measured in terms of edge dimensions of unit cell.

       Procedure for finding Miller indices:-

       Step 1: Find the intercepts of the plane along the axis X, Y, Z.

       Step 2: Take the Reciprocal of the intercepts

       Step 3: Convert the numbers in to small integers

       Step 4: Enclose them in paranthesis

52) Explain the fatigue curve?

 The fatigue behavior of a material is under stood from the results of a fatigue test, which are presented in the form of S-N curves; samples of the material are subjected to alternating stresses of different levels. The number of cycles of stress reversals N required to cause fracture is plotted against the applied stress level S as shown in fig.
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53) What is meant by term plastic and elastic deformation?

Elastic deformation:-when a body is deformed under load, it regains its     original position after removing the load, then the body is said to be in elastic deformation.

       Plastic deformation:- when a body is deformed under load and if it unable to regain its original position after removing  the load. Then the body is said to be in plastic deformation .It is a permanent deformation.

54) Differentiate between the term material science and material engineering?

Material science is learning more about various types of materials and how to alter them to obtain different types of properties.

i. Materials engineering takes those material science principles applied to real world problems.
55) Enlist various defects in crystal?

Types of crystal defects 

1. Point defect:-

i. vacancy defect

ii. interstitial defect

iii. substitution defect

iv. Frankel defect

v. Schotky Defect

2. line defect:-

i. edge dislocation

ii. screw dislocation

3. surface defect:-

4. grain boundary imperfections

i. tilt boundary

ii. twin boundary

iii. shocking fault

56) Why intermatallic compounds are used in bearing materials?

Generally an Intermatallic Compound Satisfies the Properties that Bearing Materials Should Process. So Inter Metallic Compounds are Used as Bearing Materials.

       The properties of bearing materials are given below

1. Low Coefficient  Of Friction 

2. Wear On Both Contacting Surfaces Should be as Low as Possible

3. Ability to With Stand continuously the bearing pressure

4. High melting point

5. High thermal conductivity

6. Corrosion resistance

         The more widely used bearing materials may be conveniently be grouped in to four principle classes.

1. Tine base alloys

2. Lead base alloys 

3. Copper base alloys

4. Special alloys for high duty purpose
57) What is principle of dye penetrate test?

Dye penetrate inspection is based upon capillary action, where low surface tension fluid penetrates into clean and dry surface breaking discontinuities.

       Penetrant may be applied to the test component by dipping, spraying or brushing. After adequate penetration time has been allowed ,the excess penetrate is removed and developer is applied. This developer  helps to draw penetrate out of the flaw,so that invisible indication becomes visible to the inspector.

  Inspection is performed under U.V or white light, depending on the type of dye used.
58) Identify the crystal system with the following lattice parameters

             a=b≠c,α=β=900 &γ= 1200 .

             There equal axes, and  mutually perpendicular to each other. 
Examples of metals that crystallize with above structures

a. i. hexagonal crystal structure 

           Ex:graphite

                                    ii. Cubic crystal structure

59) Give the number of variables and degrees of freedom at the peritectic temperature of a binary phase diagram?

 The phase rule is given by F=C-P+1

        Where F=No of degree of freedom

                    C=No of components

                    P=No of phases

      For a binary phase diagram=2-1+1=2

      Variables are temperature and composition of phase.
60) Why nitriding of steel requires more time?

The nitriding process doesn’t require a phase change from  ferrite to austenite or vice versa.

         Temperature has to decrease in nitriding process. As the temperature decreases, the nitriding time necessary to reach a given depth of hardness increases. Since worming up and cooling down slowly this process requires more time.
61) Distinguish between Annealing and normalizing?

 Annealing is a method of heat treatment that usually alters physical properties and at times the chemical properties of the material when exposed to heat.

        Normalizing is another type of heat treatment applied specifically to alloys made from iron in order to achieve a uniform grain size. It is  actually considered as a type of annealing  which is only done for iron alloys.
62) What are isothermal transformations?

   a. It is also known as time temperature transformations diagrams. They are generated from percentage transformation vs logarithm of time measurements and are useful for understanding the transformations of alloy steel that is cooled isothermally.
63) Give Two Examples of Alloy cast irons and their applications?

   Alloy cast iron contains alloying elements usually nickel or chromium or copper molybdenum .this is used to increase the strength and facilitate heat treatment.
Ex:

    1. Ni-hard cast iron

    2. Ni-resist cast iron

    3. Silal
    4. Nicrosilal

Applications:

1. Parts requiring high wear and abrasion resistance in chemical processing unit.

2. High corrosion ,heat and erosion resistance ,used for generator or motor covers ,pump bodies and impellers ,exhaust manifold, furnace parts and cylinders ,liners.

3. Parts not subjected to impact loads.

4. Gas turbine parts and aluminum melting crucibles. 
64) How do you interpret a radiograph in x-ray radiography testing?

   a. In addition to producing high quality radiography, the radiographer must also be skilled in radiographic interpretation. Interpretation of radiographs takes place in three basic steps.

       1. Detection

       2. Interpretation 

        3. Evaluation
65) What is the difference between the space lattice and unit cell?

 A space lattice is an array of points showing how particles (atoms, ions or molecules) are arranged at different sites in three dimensional spaces.

        The smallest repeating unit in space lattice which when repeated again results in a crystal of the given substance.
66) Give two metals that crystallize in each of FCC and HCP Structures?

   Copper,Ag, Ni, Pd, PT has FCC Type Structures. Be, Mg, Ti, Zr has HCP type structures.
67) What is Gibbs phase rule? Why is it so importance?

 The Gibbs phase rule states that 

        F=C-P+2

Where F Is the Degree Of Freedom Is The Number Of Phases, And C Is The Number Of Components.

A Phase Is A Region Of A System With The Same Structure And Uniform And Differs From Other Regions Of The System Either In Structure And/or Composition.

It Is Equal To The Total Variables, When There Is Anyone Phase In The System. It Decreases As The Number Of Phases Increases.
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