

    

        


        
        
                        
                
            
                    


        
            	
                    Michael Tanjaya
                
	
                    
                        Home
                    
                
	
                    
                        Comments
                    
                


        


        
    
    

    
        
            
                
                    
                                                    
    
        

        


        
            Chapter 2 Constitution of Iron and steel Dr. Ir. M. Sabri, MT 
        

    





                                            

                

            

        


        
            
                
                
                
            

            
                

                

                
                    
                     Match case
                     Limit results 1 per page
                    

                    
                    

                

            

        
    


    
        
                            
                    


        

            
                
                    

                    
                    
                

                
                    
                    1

36
                    
                

                
                    
                    100%
Actual Size
Fit Width
Fit Height
Fit Page
Automatic


                    
                


                
                
                    
                    Embed
                
                
            


        

        

    




        

            

        
            
                
                    
                        
                            Home
                        

                        
                                            


                    
                        Chapter 2 - Const of Iron _ Steel

                        Nov 12, 2014

                        
                                                                                        Download
                                                        Report
                        


                        
                            Category:
                            
                                Documents
                            

                        


                                                    
                                Author:
                                Michael Tanjaya
                            

                        

                        

                        
                    



                    

                                    

            




            
                
                    
                                                    Welcome
                        
                                                    
                                Comments
                            
                        
                                            




                                            
                            Welcome message from author

                            This document is posted to help you gain knowledge. Please leave a comment to let me know what you think about it! Share it to your friends and learn new things together.
                        

                    

                                            
                                                            
                            
                            

                        

                    

                                    

            

        


                    
                
                    
                        Transcript

                        
                            Page 1
                        

Chapter 2
 Constitution of Iron and steel
 Dr. Ir. M. Sabri, MT
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Learning Objectives
 Describe the crystal structure of metal
 State four main lattice structure
 Explain the characteristic of ferrite, austenite and martensite
 Explain the used of Phase Equilibrium Diagram
 Use the lever rule to calculate the ratio of phase in material composition
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Crystal structure of Metals Contribute to mechanical properties and
 behaviors of metals
 Crystallization Process Occurs during cooling process of molten metal
 Crystallization begin with single unit cell crystal
 Unit cell will grow bigger until the whole structure
 solidifies
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Space lattice
 = Atoms that are arranged in regular geometric array (regular pattern of atom)
 Unit cell
 - arrangement of atom in ‘cube’
 - basic structure unit of crystal structure
 - defines geometry & atom position
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Common type of space lattice structure in metal
 BCC ( Body Centered Cubic)
 No. of atom = 9
 Cr, Mb, Ferritic iron, etc
 FCC (Face Centered Cubic)
 No. of atom = 14
 Al, Cu, Pb, Ni, etc
 CPH (Close Packed Hexagonal)
 No. of atom = 17
 Cd, Co, Mg, Zn etcc
 BCT (Body Centered Tetragonal)
 No. of atom = 9
 Martensitic iron
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Space lattice in Iron and Steel
 Pure iron is allotropic element
 Allotropic = Metal that can exist in two or more lattice form
 depending on the condition of temperature and pressure.
 Iron can change to three different lattice structure
 IRON / FERRITE - BCC At RT
 AUSTENITE
 FERRITE MARTENSITE
 - FCC
 Rapid Cooling Slow Cooling
 -BCT
 - Strongest, hardest
 and most brittle
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**The Several Phases of Iron
 The phase at room temperature is alpha (),
 called ferrite (BCC)
 At 912C (1674F), ferrite transforms to
 gamma (), called austenite (FCC)
 This transforms at 1394C (2541F) to delta
 () (BCC)
 Pure iron melts at 1539C (2802F)
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Characteristics of Ferrite, Austenite and
 Martensite
 FERRITE AUSTENITE MARTENSITE
 Body Centered Cubic Face Centered Cubic Body Centered Tetragonal
 Exists at low temperature Exists at high temperature Exists at low temperature
 Magnetic Nonmagnetic Magnetic
 Less hardness than most
 steels
 Essentially no hardness More hardness than most
 steels
 Less strength than most
 steels
 Essentially no strength More strength than most
 steels
 Ductile (Not applicable) Brittle
 Less internal stress than
 most steels
 (Not applicable) More internal stress than
 most steels
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To study the structure changes during heat treatment process.
 Iron-Carbon Phase Diagram
 Figure 6.4
 Phase diagram for
 iron-carbon system,
 up to about 6.67%
 carbon.
 - Ferrite (Alpha iron)
 - Austenite (Gamma
 iron)
 - Ferrite (Delta iron)
 Fe3C – Cementite
 (Iron Carbide)

Page 10
                        

Explanation on Iron-Carbon Phase Diagram
 Vertical line (y-axis) – temperature from 0oC ~ 1538oC
 Horizontal line (x-axis) – carbon content from 0% ~
 6.6.7%
 The line 723oC is where pure iron, steel and cast iron
 looses their magnetism
 Ferrite phase can dissolve only about 0.022% carbon
 at 723C (1333F)
 Austenite can dissolve up to about 2.1% carbon at
 1130C (2066F)
 The difference in solubility between alpha and gamma
 provides opportunities for strengthening by heat treatment
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Solubility Limits of Carbon in Iron
 Ferrite phase can dissolve only about 0.022%
 carbon at 723C (1333F)
 Austenite can dissolve up to about 2.1%
 carbon at 1130C (2066F)
 The difference in solubility between alpha and
 gamma provides opportunities for strengthening
 by heat treatment
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** Cementite in the Iron-Carbon System
 At room temperature under equilibrium
 conditions, iron-carbon alloys form a
 two-phase system at carbon levels even
 slightly above zero
 The second phase is Fe3C, also known as
 cementite
 Cementite = an intermediate phase: a metallic
 compound of iron and carbon that is hard and
 brittle
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FIGURE 5.4 The
 iron-iron-carbide
 phase diagram.
 Because of the
 importance of steel as
 an engineering
 material, this diagram
 is one of the most
 important phase
 diagrams.
 Eutectoid
 Eutectic
 Eutectic and Eutectoid Compositions
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Eutectic composition of Fe-C system = 4.3% C
 Phase changes from solid ( + Fe3C) to liquid at
 1130C (2066F)
 Eutectoid composition of Fe-C system = 0.77% C
 Phase changes from to above 723C
 (1333F)
 Below 0.77% C, called hypoeutectoid steels
 From 0.77 to 2.1% C, called hypereutectoid
 steels
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Microstructures For
 Iron-Carbon Alloy
 FIGURE 5.6 Schematic
 illustration of the microstructures
 for an iron-carbon alloy of eutectoid
 composition (0.77% carbon) above
 and below the eutectoid
 temperature of 727˚C (1341˚F).
 Phase Diagram for Iron-
 Carbon System
 FIGURE 5.7 Phase diagram for
 the iron-carbon system with
 graphite, as the stable phase. Note
 that this figure is an extended
 version of Fig. 5.4.
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Eutectoid Steel Microstructure
 Figure 4.17 Microstructure of eutectoid steel. Spheroidite is formed by tempering the steel at 700 °C (1292 °F). Magnification: 1000X. Source: Courtesy of USX Corporation.
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Steel and Cast Iron Defined
 Steel = an iron-carbon alloy containing from 0.02% to 2.1% carbon
 Cast iron = an iron-carbon alloy containing from 2.1% to about 4% or 5% carbon
 **Steels and cast irons can also contain other alloying elements besides carbon
 <2% C >2% C
 CAST
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Constituent in Steel
 1. Ferrite
 and -phase with
 the BCC lattice
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2. Austenite
 The -phase with
 the FCC lattice.
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3. Cementite
 Name given to iron carbide
 having fixed composition Fe3C.
 Cementite is a hard and brittle
 substance, influencing on the
 properties of steels and cast irons
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4. Pearlite
 fine mixture of ferrite and cementite structure
 forming as a result of decomposition of austenite at slow cooling conditions
 the black lamellae are the Fe3C parts; their thickness is a few µm.
 The name comes from the pearl-like luster of this material. Microstructure of pearlite in 1080 steel, formed from austenite
 of eutectoid composition. In this lamellar structure, the lighter regions are ferrite, and the darker regions are carbide. Magnification: 2500X. Source: Courtesy of USX Corporation.
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5. Martensite A unique phase consisting of an
 iron-carbon solution whose
 composition is the same as the
 austenite from which it was derived
 Face-centered cubic (FCC) structure
 of austenite is transformed into
 body-centered tetragonal (BCT)
 structure of martensite
 The extreme hardness of martensite
 results from the lattice strain created
 by carbon atoms trapped in the BCT
 structure, thus providing a barrier to
 slip
 In steel, under rapid cooling, so that
 equilibrium is prevented, austenite
 transforms into a nonequilibrium
 phase called martensite, which is
 hard and brittle
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Effect of carbon content
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Limitation of Carbon steel
 1. High strength steel can only be obtained by
 increasing the carbon content ( but have
 brittle, poor ductility and poor toughness
 2. Hardness requires water quenching. This will
 cause distortion and cracking to the steel.
 3. Large sections cannot be hardened
 uniformly. It depends on the rate of cooling
 and this will vary across a large section.
 4. Plain carbon steels have poor resistance to
 corrosion and oxidation at high temperatures.
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Alloy steel
 Alloy steel – steel that have one or more
 alloying elements (beside carbon)
 These alloy elements will modify the
 properties of the steel
 Low alloy - < 2% alloy element
 Medium alloy – 2% ~ 10% alloy element
 High alloy - >10% alloy element
 Alloy elements – Al, Cr, Co, Cu, Pb, etc
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Advantages of Alloy steel
 1. Solution harden the steel: formation of
 substitution solid solutions between element and iron
 will increases the tensile and impact strength.
 2. Form carbides: Increase the strength and
 hardness. Manganese, chromium and tungsten have
 this effect.
 3. Form graphite: Can cause the breakdown of
 cementite and lead to the presence of graphite in the
 alloy. Silicon and nickel have this effect. The result is a
 decrease in strength and hardness.
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4. Stabilize austenite or ferrite:
 - lower the temperature at which austenite is formed on
 heating the steel. Manganese, nickel, copper and
 cobalt have this effect.
 - increase the temperature at which austenite is formed
 on heating the steel. Chromium, molybdenum,
 tungsten, vanadium, silicon and aluminum have this
 effect.
 5. Change the critical cooling rate -higher rate of
 cooling, the steel has maximum hardness. With slower
 rates of cooling a less hard structure is produced. Most
 alloying elements reduce the critical cooling rate.
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6. Improve corrosion resistance: Some elements
 promote the adherent oxide layers on the surfaces of the
 steel. Chromium is particularly useful in this respect.
 Copper is also used to improve corrosion resistance.
 7.Improve machinabilicy: they can affect the
 machinability of the steel. Sulphur and lead are
 elements that are used to improve the chip formation
 properties of steels.
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Isothermal
 Transformation
 Dr. Ir. M. Sabri, MT
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Learning Objectives
 Student will be able to identify the elements of
 IT / TTT diagram
 Student will be able to explain the significance of the quench line
 Student will be able to use the IT / TTT diagram to identify the metal structures after quenching
 Student will be able to estimate the amount of each structure type in the metal
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What is Isothermal Diagram (IT) ?
 It is a graph of temperature vs time for the
 process of cooling metal.
 It is used to predict the final structure of metal
 It is also called TTT diagram (Time-
 Temperature-Transformation), C curves, or
 S curves
 Limitations:
 - IT diagram does not plot carbon percentage
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Basic of It Diagram
 Log
 scale
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IT / TTT Curve - Region of Transformation
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Figure 27.1 The TTT curve, showing transformation of
 austenite into other phases as function of time and
 temperature for a composition of about 0.80% C steel.
 Cooling trajectory shown yields martensite.
 Time-Temperature-Transformation Curve
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