
 

COURSE : PHYSICAL METALLURGY 2 

Prepared by Pr. Zakaria Boumerzoug 

Lecture 1: Introduction to Phase Diagram Fe-C.  

 

Iron :   

-Iron is a metal 

- It has an atomic weight of 56 

-It is the most-used and cheapest metal. 

The structure : Three allotropic forms of iron exist, depending on temperature: alpha 

iron (α-Fe), gamma iron (γ-Fe), and delta iron (δ-Fe). 
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Definitions of phases :   

 

Definition 1 : α-ferrite -solid solution of C in Fe (BCC) 

Definition 2 : γ-austenite -solid solution of C in FCC Fe 

Definitin 3 : δ-ferrite solid solution of C in BCC Fe 

Definition 4 : Fe3C (iron carbide or cementite) 

Definition 5 : Maximum solubility in BCC α-ferrite is limited (max. 0.022 wt% at 727 °C) 

Definition 6 : Maximum solubility in FCC austenite is 2.14 wt% at 1147 °C-FCC has larger 

interstitial positions. 

 

Phase transformation at solid state :   

 

 

 

 

During a low cooling 

rate :  

We have a 

transformation from 

Austenite to Pearlite 

rliteaeP →Austenie  

 

 

 

 

 

Austenite  

Pearlite  =   Ferrite + Cementite 



 

Lecture 2: Some phase transformations in Fe-Fe3C 

) 30655-diagram-equilibrium-carbide-iron-https://mech.poriyaan.in/topic/ironReference : ( / 

 

 

 

 

 

 

https://mech.poriyaan.in/topic/iron-iron-carbide-equilibrium-diagram-30655


 

1- Pearlitic transformation 

 

 

 

 

 

 

 

 



 

2- Slow cooling of Hypoeutectoid Steel 

 

 

 

 

 

 

 

 

Pearlite 

Ferrite 



 

3- Slow cooling of an Hypereutectoid steel 

 

 

 

 

 

 

 

 



 

Lecture 3 Martensitic transformation 

 

During rapid cooling (quenching) of austenite, a martensitic transformation 
begins at the martensite start temperature (Ms). 
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Lecture 4 :  Diagram TTT 

-ttt-transformation-temperature-https://www.metallurgyfordummies.com/timeReference : ( 

) diagram.html 

 

 

https://www.metallurgyfordummies.com/time-temperature-transformation-ttt-diagram.html
https://www.metallurgyfordummies.com/time-temperature-transformation-ttt-diagram.html


 

Lecture 5  Cast Iron 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Graphite  
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Lecture 6 TTT Diagram 

 diagram.html-t-t-t-fe3c-https://www.metallurgyfordummies.com/fe 

 

 

 

 

 

 

https://www.metallurgyfordummies.com/fe-fe3c-t-t-t-diagram.html


 

 

 



 

 

 



 

 

Microstructures in a eutectoid steel. (a) Pearlite formed at 720 oC, (b) 
bainite formed at 290 oC, (c) bainite formed at 180 oC, and (d) 
martensite 

 

 

 

 

 

 

 



 

 

 

 

 



 

Lecture 07: TTT and CCT  Diagrams 

I- TTT diagram Eutectoid, Hypoeutectoid and 

Hypereutectoid steel 

 

1- 

 
 

 

0.8%C 



 

 

 



 

 

 

 

 

 

 



 

 
The TTT diagram for AISI 1080 steel (0.79%C, 0.76%Mn) austenitised at 900°C. 

Ref: https://www.azom.com/article.aspx?ArticleID=313 

 

 

 

 

 

 

 

 

 

 

https://www.azom.com/article.aspx?ArticleID=313


 

 

2-TTT diagram of Hypoeutectoid steel 
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3-TTT diagram of Hypereutectoid steel 

 

 

 

 

 

 

 

 

 

 

 

 

1.13%C 



 

 

II- Continuous cooling transformation (CCT) 

diagram 

 

Continuous cooling transformation (CCT) diagrams 

Measure the extent of transformation as a function of time for 

a continuously decreasing temperature. In other words a 

sample is austenitised and then cooled at a predetermined rate 

and the degree of transformation is measured, for example by 

dilatometry. Obviously a large number of experiments is 

required to build up a complete CCT diagram. 

 



 

 

https://steelselector.sij.si/help/testing/ttt.html 

 

 

 

 

 

https://steelselector.sij.si/help/testing/ttt.html


 

Lecture 8  Tempering of steel 

 

Tempering is usually performed after quenching. After quenching the 

steel is hard, brittle and internally stressed. It is applied to improve its 

mechanical characteristics, as well as to reduce the internal stresses . 

Tempering is accomplished by controlled heating of the quenched 

workpiece to a temperature below its "lower critical temperature". 

 

 

 

The main types of tempering 

Low-temperature tempering 

, Low-temperature tempering is used to form tempered martensite at 150-200℃ 

When tempering is performed, the internal strain in the steel is relieved or eliminated, and the precipitation effect of 

carbides is promoted, resulting in improved quality. 

High-temperature tempering 

High temperature tempering is when we use temperatures higher than 500 °C.  

 There is also tempering at medium temperatures. (Between the  Low-

temperature tempering and High-temperature tempering) 

 

 



 

Effect of  temperature of tempering in mechanical 

proprieties of steel :  

Tempering curves, which are plots of hardness against tempering 

temperature. exist for all commercial steels and are used to select the correct 

tempering temperature. 

As the tempering temperature increases, the hardness decreases.  

 

 

 

 

 

 

 



 

 

The other mechanical properties are also affected : 

 
Ref : https://www.tec-science.com/material-science/heat-treatment-steel/quenching-and-tempering/ 

 

 

 

 

 

 

 

 

 

https://www.tec-science.com/material-science/heat-treatment-steel/quenching-and-tempering/


 

 

The hardness variation during tempering treatment , the percentage of 

carbon can also affect the hardness variation  : 

 
Ref : https://www.chengxinspringsteel.co.za/steel-heat-treatment.html  

 

 

 

 

This course is prepared from different sources  

 

https://www.chengxinspringsteel.co.za/steel-heat-treatment.html
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