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2007 Exam #1 Reviews
1. Steel

 Steel is an alloy whose major component is iron, with carbon content between 0.02% and 1.7% by weight, depending on grade. Steel with increased carbon content can be made harder and stronger than iron, but is also more brittle. The maximum solubility of carbon in iron is 1.7% by weight, occurring at 1130 degrees Celsius; higher concentrations of carbon or lower temperatures will produce cementite which will reduce the material's strength
 Steels are iron based alloy that can be plastically formed. 

※ Iron, steel, and wrought-iron? 
 Iron and steel are regarded as a single thing theses days but wrought iron is pure iron with carbon content less than 0.035%. 

2. Yield strength, tensile strength, elongation

Yield strength.  The stress required to produce a very slight yet specified amount of plastic strain (0.002 strain offset is commonly used)

Tensile strength.  The maximum engineering stress that can be sustained without fracture. (Ultimate strength)

Elongation.  Materials ductility is often expressed as percent elongation (percentage of plastic strain at fracture) or percent reduction in area. Brittle materials, approximately, have 5% of elongation (Al: 40 % EL)

3. Quench
Quench is a rapid cooling. In metallurgy, it is the most common way to harden steel by introducing martensite. It has to go through the eutectoid temperature (~727°C for steel); it can be done at a lower temperature by adding alloying metals (Ni, Mn). 
4. Heat treatment. (Annealing, quenching and tempering)
Properties of metals and alloys can be easily manipulated by heat treatment (controlling diffusion rate and cooling rate). Ex. fast cooling in steels, increases hardness and fast cooling in precipitation hardened alloy like 2, 6, and 7000 series Al-alloys results in a softer metal
Annealing (1) heating to the desired T (2) holding at that T (3) cooling to room T

To [1] relieve stresses [2] increase ductility and toughness by refining grains [3] produce a specific microstructure 

Tempering (1) Heating to T (400~600°C) below eutectoid T (2) Holding for a specified time
(3) Cooling naturally 

To   [1] increase toughness by transforming brittle martensite to bainite or ferrite 
[2] relieve internal stresses (lower T) 

5. Solution heat treatment
 Precipitation hardening is accomplished by two heat treatments. In solution heat treatment as the first, all atoms are dissolved to form a single-phase solid solution. (Similar to the first and second step of annealing) 

6. Ageing 
 Precipitation heat treatment is sometimes called ‘Ageing’. It consists of almost same procedure with Tempering but precipitation hardening and tempering are totally different.  Ageing is used to produce precipitate particles to improve strength or hardness thus it has to be hold for hours at the elevated T unlike ordinary tempering. Tempering is used to increase toughness by transforming M – B or F without decreasing strength or hardness. They should not be confused. 

7. Phase diagram 

   A graphical representation of the relationships between environmental constraints (T.P), composition, and regions of phase stability under equilibrium conditions. 

 Students are referred to Chap 9. 

8. Phase and state

States of matter refer to the differences between gases, liquids and solids, etc. And Phase is a homogeneous portion of a system that has uniform physical and chemical characteristics. If there are two regions in the same chemical system that are in different states of matter, then they must be different phases. However, the reverse is not true -- a system can have multiple phases which are in equilibrium with each other and also in the same state of matter. For example, diamond and graphite

9. Solid solution 

  A homogeneous crystalline phase which contains two or more chemical species. 

Substitutional type Impurity atoms replace or substitute the host atoms without changing crystal structure. 4 features governing substitutional solid solution. (Atomic size, crystal structure, electonegativity, and valences)
Interstitial Impurity atoms fill the voids among the host atoms

11. Brass

Alloy of Copper and Zinc

12. Close packing
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Atoms are packed with the greatest possible packing density (0.74). If they are packed as the ABAB sequence, it is HCP. If they are packed as ABCABC, it is FCC

13. Tensile test

14. Hardness

Hardness is a property of a material expressing its resistance to plastic deformation. 

15. Hardness test

16. Plastic deformation

Deformation is permanent or nonrecoverable after release of the applied load. It is accompanied by permanent atomic displacement. 

17. Plain carbon steel vs. alloy steel

Plain carbon steel is a metal alloy, a combination of two elements, iron and carbon, where other elements are present in quantities too small to affect the properties. (C contents up to 2.1%)
Cast Iron (> 2.1% C)

Wrought Iron (almost no carbon)

Alloy steel refers to various alloys of iron with a high proportion of one or more other element, manganese or silicon for example. It is used in the production of steels and alloys as a raw material.
18. Toughness

  Toughness is the resistance to fracture. It a measure of the amount of energy absorbed by a material as it fractures. (Total area under the material’s tensile stress-strain curve)
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19. Impact test

20. Charpy bar

21. Brittle-ductile transition temperature
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• One of the primary purpose of Impact test
• Impact energy drops suddenly

• Below which E has constant & small

• Not all metal/alloy have it

• BCC, HCP alloys experience it

• FCC alloys remains ductile at low T

22. Fracture toughness

Fracture toughness is a measure of material’s resistance to brittle fracture in the presence of a crack. 
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23. Creep 

 The time-dependent permanent deformation that occurs under stress; (it is important at elevated T)
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 Initially, the strain rate is decreasing with increasing strain. This is known as primary creep. The strain rate eventually reaches a minimum and becomes near-constant. This is known as secondary or steady-state creep. It is this regime that is most well understood. The "creep strain rate" is typically the rate in this secondary stage. The stress dependence of this rate depends on the creep mechanism. In tertiary creep, the strain-rate exponentially increases with strain
24. Ductile

Ductility is the physical property of being capable of sustaining large plastic deformations without fracture. 
25 / 26.Transgranular / intergranular

Transgranular fracture cracks pass through the grains. Smooth looking fracture. 
Intergranular fracture cracks pass along the grain boundaries. Jagged looking fracture. 

Theses are features of brittle fracture. 
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27. Chevron marks

  Characteristic of brittle fracture. Indicating crack origin. 
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28. S-N curves
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S-N curves are derived from tests on samples of the material to be characterized where a regular sinusoidal stress is applied by a testing machine which also counts the number of cycles to failure. 

29. Endurance limit (Fatigue limit)

  S-N curve becomes horizontal at higher N values (Ferrous and titanium alloys) 35~60% of tensile strength of materials. Most nonferrous alloys don’t have fatigue limit
30. Beachmarks
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Left: Beachmarks = Macroscopic evidence of fatigue cracking

Right: Fatigue striation = Microscopic evidence of fatigue cracking

There could be thousands of striations in a single beachmark. 

31. Dislocation 

 A linear crystalline defect where there is atomic misalignment. Plastic deformation corresponds with dislocation motion. 

There are edge and screw dislocations. The boundary of the cut is the dislocation line; the direction of the slip is the Burgers vector. Dislocations are labeled by the angle between the dislocation line and the Burgers vector. The special cases of 90° and 0° are known as edge and screw dislocations. The dislocations present in real crystalline solids are generally mixed rather than edge or screw; the actual angles of dislocations depend on the lattice structure.
 32. Slip plane

Slip is the process by which the plastic deformation is produced by a dislocation motion. There are preferred planes and directions along which the dislocation motion occurs. They are called slip plane and slip direction. The combination of them is slip system. 

FCC: Slip occurs along close packed plane {111}, and direction <110> 12 slip systems (4 x 3)
BCC: Quasi-close packed plane {110}, and direction<111> 12 slip systems (6 x 2)
HCP: {0001} / 
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35. Dislocation generator

There are three mechanisms for dislocation formation

Homogeneous nucleation is a result of the rupture of the atomic bonds in the lattice resulting 2 opposite faced half planes. The energy required for homogeneous nucleation is high. Therefore this is not common dislocation generator Grain boundary initiation and interface interaction are more common generators. Irregularities at the grain boundaries and the interaction between a metal and oxide can increase the number of dislocations (related with stress).
36. Work or strain hardening

  Strain hardening is an increase in mechanical strength as it is plastically deformed. A materials dislocation density increases with plastic deformation due to dislocation multiplication or the formation of new dislocations. A movement of a dislocation is hindered by the presence of other dislocations. 
37. Dislocation entanglement
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38. Cold working

 = Work hardening

39. Slip system

 = Explained in #32

40. Critical resolved shear stress 

Shear stress, resolved in the direction of slip, which is necessary to initiate slip in a grain. It is a constant for a given metal.  

Brief summery of heat treatments

· Spheroidizing: Spheroidite forms when plain-carbon steel is heated to approximately 700 °C for over 30 hours. Spheroidite can form at lower temperatures but the time needed drastically increases, as this is a diffusion controlled process. The result is a structure of rods or spheres of cementite within primary structure (ferrite or pearlite, depending on which side of the eutectoid you are on). The purpose is to soften higher carbon steels and allow more formability. This is the softest and most ductile form of steel. The image to the right shows where spheroidizing usually occurs. 

· Full annealing: Plain-carbon steel is heated to approximately 40 °C above Ac3 or Ac1 for 1 hour; this assures all the ferrite transforms into austenite (although cementite still might exist if the carbon content is greater than the eutectoid). The steel must then be cooled slowly, in the realm of 38 °C (100 °F) per hour. Usually it is just furnace cooled, where the furnace is turned off with the steel still inside. This results in a coarse pearlitic °structure, which means the "bands" of pearlite are thick. Fully annealed steel is soft and ductile, with no internal stresses, which is often necessary for cost-effective forming. Only spheroidized steel is softer and more ductile. 

· Process annealing: A process used to relieve stress in a cold-worked plain-carbon steel with less than 0.3 wt% C. The steel is usually heated up to 550 - 650 °C for 1 hour, but sometimes temperatures as high as 700 °C. The image to the right shows the area where process annealing occurs. 

· Normalizing: Plain-carbon steel is heated to approximately 55 °C above Ac3 or Acm for 1 hour; this assures the steel completely transforms to austenite. The steel is then air cooled, which is a cooling rate of approximately 38 °C (100 °F) per minute. This results in a fine pearlitic structure, and a more uniform structure. Normalized steel has a higher strength than annealed steel; it has a relatively high strength and ductility. 

· Quenching: Plain-carbon steel with at least 0.4 wt% C is heated to normalizing temperatures and then rapidly cooled (quenched) in water, brine, or oil to the critical temperature. The critical temperature is dependent on the carbon content, but as a general rule is lower as the carbon content increases. This results in a martensitic structure; a form of steel that possesses a super-saturated carbon content in a deformed Body Centered Cubic (BCC) crystalline structure, properly termed Body Centered Tetragonal (BCT). This crystalline structure has a very high amount of internal stress. Due to these internal stress quenched steel is extremely hard but brittle, usually too brittle for practical purposes. These internal stresses cause stress cracks on the surface. Quenched steel is approximately three (lower carbon content) to four(high carbon content) times harder than normalized steel. 

· Martempering (Marquenching): The marquenching process is the same as quenching, but the steel is quenched in an oil or brine solution at a temperature right above the "martensite start temperature". The steel is held in this solution until the center and surface temperatures equalize. Then the steel is cooled at a moderate speed to keep the temperature gradient minimal. Not only does this process reduce internal stresses and stress cracks, but it also increases the impact resistance. This is the quenching process used in industry to obtain martensite. 

· Quench and tempering: This is the most common heat treatment encountered, because the final properties can be precisely determined by the temperature and time of the tempering. Tempering involves reheating quenched steel to a temperature below the eutectoid temperature then cooling. The elevated temperature allows very small amounts of spheroidite to form, which restore ductility, but reduces hardness. Actual temperatures and times are carefully chosen for each composition. 

· Austempering: The austempering process is the same as martempering, except the steel is held in the brine solution through the bainite transformation temperatures, and then moderately cooled. The resulting bainite steel has a greater ductility, higher impact resistance, and less distortion. The disadvantage of austempering is it can only be used on a few steels, and it requires a special brine solution.
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