METALLURGY AND MATERIAL SCIENCE

UNIT V

Heat treatment of Alloys

Q1. Explain Effect of alloying elements on Fe-Fe3C system?

Ans:

[image: image1.emf]
Fig 1: Fe-Fe3C Phase Diagram

Figure 1 shows the equilibrium diagram for combinations of carbon in a solid solution of iron. The diagram shows iron and carbons combined to form Fe-Fe3C at the 6.67%C end of the diagram. The left side of the diagram is pure iron combined with carbon, resulting in steel alloys. Three significant regions can be made relative to the steel portion of the diagram. They are the eutectoid E, the hypoeutectoid A, and the hypereutectoid B. The right side of the pure iron line is carbon in combination with various forms of iron called alpha iron (ferrite), gamma iron (austenite), and delta iron. The black dots mark clickable sections of the diagram.

Allotropic changes take place when there is a change in crystal lattice structure. From 2802º-2552ºF the delta iron has a body-centered cubic lattice structure. At 2552ºF, the lattice changes from a body-centered cubic to a face-centered cubic lattice type. At 1400ºF, the curve shows a plateau but this does not signify an allotropic change. It is called the Curie temperature, where the metal changes its magnetic properties.

Two very important phase changes take place at 0.83%C and at 4.3% C. At 0.83%C, the transformation is eutectoid, called pearlite.

gamma (austenite) --> alpha + Fe3C (cementite)

At 4.3% C and 2066ºF, the transformation is eutectic, called ledeburite.

L(liquid) --> gamma (austenite) + Fe3C (cementite)

Q2. Explain the process of Annealing?

Ans:

Annealing, in metallurgy and materials science, is a heat treatment wherein a material is altered, causing changes in its properties such as strength and hardness. It is a process that produces conditions by heating to above the recrystallization temperature, maintaining a suitable temperature, and then cooling. Annealing is used to induce ductility, soften material, relieve internal stresses, refine the structure by making it homogeneous, and improve cold working properties.

In the cases of copper, steel, silver, and brass, this process is performed by substantially heating the material (generally until glowing) for a while and allowing it to cool. Unlike ferrous metals—which must be cooled slowly to anneal—copper, silver and brass can be cooled slowly in air or quickly by quenching in water. In this fashion the metal is softened and prepared for further work such as shaping, stamping, or forming

There are three stages in the annealing process, with the first being the recovery phase, which results in softening of the metal through removal of crystal defects (the primary type of which is the linear defect called a dislocation) and the internal stresses which they cause. Recovery phase covers all annealing phenomena that occur before the appearance of new strain-free grains. The second phase is re-crystallization, where new strain-free grains nucleate and grow to replace those deformed by internal stresses. If annealing is allowed to continue once re-crystallization has been completed, grain growth will occur, in which the microstructure starts to coarsen and may cause the metal to have less than satisfactory mechanical properties

Full annealing is the process by which the distorted cold worked lattice structure is changed back to one which is strain free through the application of heat. This process is carried out entirely in the solid state and is usually followed by slow cooling in the furnace from the desired temperature. The annealing process may be divided into three stages:

· Recovery

· Recrystallization

· Grain growth
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Figure2 Annealing and Spheroidizing Temperatures




Q3. Explain the process of Normalization?

Ans:

Normalization is an annealing process in which a metal is cooled in air after heating in order to relieve stress. It can also be referred to as: Heating a ferrous alloy to a suitable temperature above the transformation temperature range and cooling in air to a temperature substantially below the transformation range. This process is typically confined to hardenable steel. It is used to refine grains which have been deformed through cold work, and can improve ductility and toughness of the steel. It involves heating the steel to just above its upper critical point. It is soaked for a short period then allowed to cool in air. Small grains are formed which give a much harder and tougher metal with normal tensile strength and not the maximum ductility achieved by annealing. It eliminates columnar grains and dendritic segregation that sometimes occurs during casting. Normalizing improves machinability of a component and provides dimensional stability if subjected to further heat treatment processes.
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Figure 3 Normalizing temperatures for hypoeutectoid and hypereutectoid steels.




The following is the list of the reasons for normalizing the steel :

· To produce a harder and stronger steel than full annealing
· To improve the machinability
· To modify and refine the grain structure
· To obtain a relatively good ductility without reducing the hardness and strength
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Q4. Explain the process of Hardening?

Ans:

Hardening is a metallurgical and metalworking process used to increase the hardness of a metal. The hardness of a metal is directly proportional to the uniaxial yield stress at the location of the imposed strain. A harder metal will have a higher resistance to plastic deformation than a less hard metal

The five hardening processes are:

· The Hall-Petch method is used to change the grain size in a material, which can affect the dislocation density. Smaller grain size will make the material harder, but if the grains get too small the hardness can actually decrease.

· In work hardening (also referred to as strain or cold hardening) the material is strained past its yield point. The work done on the material adds energy and has the ability to move and generate dislocations. This process usually takes place at a temperature below the materials recrystallization temperature.

· In solid solution strengthening, an alloying element is added to the material desired to be strengthened, and together they form a “solid solution”. Different alloying elements can be used to cause either a substitutional or an interstitial solid solution.

· Precipitation hardening is a process where impure particles are distributed throughout the metal. This is achieved by first heating the metal above its phase transition temperature and then rapidly cooling the metal. Particles of the second phase become trapped and form anchor points to impede the movement of dislocations. Precipitation hardening is one of the most commonly used techniques for the hardening of metal alloys. In steels, a similar method is referred to as a martensitic transformation. In this transformation, austenite is rapidly cooled off before the dissolved carbon atoms have a chance to escape, forming martensite, a higher hardness phase of steel.

· Martensitic transformation, more commonly known as quenching and tempering.

All hardening mechanisms, except of the martensitic transformation, introduce dislocations or defects in a crystal lattice that act as barriers to slip.

Material hardening is required for many applications:

· Machine cutting tools (drill bits, taps, lathe tools) need be much harder than the material they are operating on in order to be effective.

· Knife blades- a high hardness blade keeps a sharp edge.

· Bearings- necessary to have a very hard surface that will withstand continued stresses

Q5 Explain TTT diagrams?

Ans

T (Time) T(Temperature) T(Transformation) diagram is a plot of temperature versus the logarithm of time for a steel alloy of definite composition. It is used to determine when transformations begin and end for an isothermal (constant temperature) heat treatment of a previously austenitized alloy. When austenite is cooled slowly to a temperature below LCT (Lower Critical Temperature), the structure that is formed is Pearlite. As the cooling rate increases, the pearlite transformation temperature gets lower. The microstructure of the material is significantly altered as the cooling rate increases. By heating and cooling a series of samples, the history of the austenite transformation may be recorded. TTT diagram indicates when a specific transformation starts and ends and it also shows what percentage of transformation of austenite at a particular temperature is achieved.

Cooling rates in the order of increasing severity are achieved by quenching from elevated temperatures as follows: furnace cooling, air cooling, oil quenching, liquid salts, water quenching, and brine. If these cooling curves are superimposed on the TTT diagram, the end product structure and the time required to complete the transformation may be found.

In Figure 4 the area on the left of the transformation curve represents the austenite region. Austenite is stable at temperatures above LCT but unstable below LCT. Left curve indicates the start of a transformation and right curve represents the finish of a transformation. The area between the two curves indicates the transformation of austenite to different types of crystal structures. (Austenite to pearlite, austenite to martensite, austenite to bainite transformation.)
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Q6 Explain Hardening and Tempering?

Ans:

Steels can be heat treated to high hardness and strength levels. The reasons for doing this are obvious. Structural components subjected to high operating stress need the high strength of a hardened structure. Similarly, tools such as dies, knives, cutting devices, and forming devices need a hardened structure to resist wear and deformation.

As-quenched hardened steels are so brittle that even slight impacts may cause fracture. Tempering is a heat treatment that reduces the brittleness of a steel without significantly lowering its hardness and strength. All hardened steels must be tempered before use.

Quench and tempering processes:

(1) Conventional Heat, Quench and Temper process

(2) Martempering

(3) Austempering
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Figure5 Conventional quenching and tempering process.
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Q7 Explain Cryogenic treatment of alloys?

Ans:

A cryogenic treatment is the process of treating workpieces to cryogenic temperatures (i.e. below −190 °C (−310 °F)) to remove residual stresses and improve wear resistance on steels.

The process has a wide range of applications from industrial tooling to improvement of musical signal transmission. Some of the benefits of cryogenic treatment include longer part life, less failure due to cracking, improved thermal properties, better electrical properties including less electrical resistance, reduced coefficient of friction, less creep and walk, improved flatness, and easier machining.

Cryogenic rolling

Cryogenic rolling, also known as cryorolling, is one of the potential techniques to produce nano-structured bulk materials from its bulk counterpart at cryogenic temperatures. It can be defined as rolling that is carried out at cryogenic temperatures. Nanostructured materials are produced chiefly by severe plastic deformation processes. The majority of these methods require large plastic deformations (strains much larger than unity). In case of cryorolling, the deformation in the strain hardened metals is preserved as a result of the suppression of the dynamic recovery. Hence large strains can be maintained and after subsequent annealing, ultra-fine-grained structure can be produced.

Q8 What are advantages and disadvantages of cryorolling?
Ans:

Advantages

Comparison of cryorolling and rolling at room temperature:

· In Cryorolling, the strain hardening is retained up to the extent to which rolling is carried out. This implies that there will be nodislocation annihilation and dynamic recovery. Whereas in rolling at room temperature, dynamic recovery is inevitable and softening takes place.

· The flow stress of the material differs for the sample which is subjected to cryorolling. A cryorolled sample has a higher flow stress compared to a sample subjected to rolling at room temperature.

· Cross slip and climb of dislocations are effectively suppressed during cryorolling leading to high dislocation density which is not the case for room temperature rolling.

· The corrosion resistance of the cryorolled sample comparatively decreases due to the high residual stress involved.

· The number of electron scattering centres increases for the cryorolled sample and hence the electrical conductivity decreases significantly.

· The cryorolled sample shows a high dissolution rate.

· Ultra-fine-grained structures can be produced from cryorolled samples after subsequent annealing.

The benefits to you include:

· Longer wearing components  - generally extends life of tools and parts by 200% or more

· Extended product life, 

· Less downtime on maintenance and change-over

· Increased durability

· Decrease wear

· Reduce stress 

· Reduced distortion

· Enhanced performance

· Reduced heat retention

· Increased horsepower

· Treated items will exhibit life increase leading to dollar savings

· Process can be applied to items that are new/used or sharp/ dull: remanufacturing or resharpening and best of all, sharpening or redressing worn tools will not destroy treatment effects

Important Questions

1. Explain Annealing, normalizing, Hardening, TTT diagrams, tempering with diagrams

2. Explain Cryogenic treatment of alloys
