
Continuous Cooling Diagrams

Isothermal transformation (TTT) diagrams are obtained by rapidly quenching

to a given temperature and then measuring the volume fraction of the various

constituents that form as a function of time at that temperature. Practical heat

treatments, however, are usually concerned with transformations that occur

during continuous cooling, and under these conditions TTT diagrams cannot

be used to give the times and temperatures of the various transformations. A

continuous cooling transformation (CCT) diagram must be used instead.

TTT diagram is interpreted by reading from left to right at a constant 

temperature the CCT diagram is read along the cooling curves from the top left 

to bottom right.
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Diffusionless Transformations

Martensitic Transformations

Martensite is formed in carbon steels by the rapid cooling of austenite at such a 

high rate that carbon atoms do not have time to diffuse out of the crystal structure 

in large enough quantities to form cementite (Fe3C). As a result, the FCC austenite 

transforms to a highly strained body-centered tetragonal form of ferrite that is 

supersaturated with carbon. The shear deformations that result produce large 

numbers of dislocations, which is a primary strengthening mechanism of steels. 

The highest hardness of a pearlitic steel is 400 Brinell whereas martensite can 

achieve 700 Brinell. The martensitic reaction begins during cooling when the 

austenite reaches the martensite start temperature (Ms) and the parent austenite 

becomes mechanically unstable. As the sample is quenched, an increasingly large 

% of the austenite transforms to martensite until the lower transformation 

temperature Mf is reached, at which time the transformation is completed.



Diffusionless Transformations

Martensitic Transformations

It has been shown that a fully grown plate spanning a whole grain may form

within ~10−7s which means that the α′/γ interface reaches almost the speed of 

sound in the solid. The first plates form at the Ms temperature. This temperature 

is associated with a certain driving force for the diffusionless transformation of γ 

into α′ as shown in Fig-a and b. 



Diffusionless Transformations

Martensitic Transformations

In low-carbon steels, Ms ~ 500°C (Fig), but increasing C 

contents progressively decrease the Ms temperature as 

shown. The Mf temperature corresponds to that 

temperature below which further cooling does not 

increase the amount of martensite. In practice the Mf

may not correspond to 100% martensite, and some 

retained austenite can be left even below Mf. The 

retention of austenite in such cases may be due to the

high elastic stresses between the last martensite plates 

to form, which tend to suppress further growth or 

thickening of existing plates. As much as 10–15%

retained austenite is a common feature



Diffusionless Transformations

Martensitic Transformations

The Solid Solution of Carbon in Iron

In an fcc (or hcp) lattice structure, there are two possible positions for 

accommodating interstitial atoms as shown in Fig. These are: the tetrahedral

site which is surrounded by four atoms and the octahedral site which has six

nearest neighbours. The sizes of the largest atoms that can be accommodated

in these holes without distorting the surrounding matrix atoms can be calculated

if it is assumed that the atoms are close-packed hard spheres. Such a calculation
gives:

tetrahedral interstice d4 = 0.225D
octahedral interstice d6 = 0.414D



Diffusionless Transformations

Martensitic Transformations

The Solid Solution of Carbon in Iron

However, the diameter of a carbon atom is 1.54 Å. This means that considerable 

distortion of the austenite lattice must occur to contain carbon atoms in solution 

and that the octahedral interstices should be the most favourable.



carbon and nitrogen in solution in iron show that these interstitials in fact 

prefer to occupy the octahedral positions in the bcc lattice. This causes 

considerable distortion to the BCC lattice as illustrated in Fig. It is assumed

that the BCC lattice is weaker in the 〈100〉 directions due to the lower number 

of near and next nearest neighbours compared to the tetrahedral interstitial 

position.











Octahedral sites in BCC
Tetrahedral sites in BCC

Tetrahedral sites in FCCOctahedral sites in FCC



Characteristics of Martensitic Transformations
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Driving Force for Martensitic Transformations



Various Ways of Showing Martensitic Transformations



Role of Grain Size on Martensite Growth

Since martensite growth relies on maintaining a certain coherency with the

surrounding austenite, a high-angle grain boundary is an effective barrier to

plate growth. Thus while grain size does not affect the number of martensite

nuclei in a given volume, the final martensite plate size is a function of the

grain size. Another important feature of grain size is its effect on residual

stress after transformation is completed. In large grain sized material the

dilatational strain associated with the transformation causes large residual

stresses to be built up between adjacent grains and this can even lead to

grain-boundary rupture (quench cracking) and substantially increase the

dislocation density in the martensite. Fine grain-sized metals tend to be

more self-accommodating and this, together with the smaller martensite

plate size, provides for stronger, tougher material.



Massive vs. Martensitic Transformations



Effect of Retained Austenite

In most steels, especially those containing more than 0.4% C, austenite is

retained after quenching. On ageing in the range 200–300ºC this austenite

decomposes to bainite. In some high-alloy steels austenite can be stabilized

to such low temperatures that the martensite partially reverts into austenite

on heating. Very thin regions of retained austenite may even be present

between laths in low-carbon steel, and this is thought to improve the 

toughness of these steels independently of tempering treatments.


