Metal 471

Laboratory 12

TTT Curves for a 1045 Ferritic Steel

1. Objective

The objective of this laboratory is to construct a partial Time-Temperature-Transformation (TTT) curve for a 1045 ferritic steel using light microscopy and standard stereological techniques.

2. Background

2.1 The decomposition of austenite in hypoeutectoid steels

Figure 1 is a portion of the Fe3C phase diagram.  Above 910°C, pure Fe is ccp (austenite) and below 910° C, pure Fe is “bcc”.  A eutectoid reaction occurs in this system at 727°C and 0.77w/o C.  This reaction is  -> +Fe3C (where Fe3C is called cementite and the eutectoid mixture of +Fe3C is called pearlite).  To determine the nature of the decomposition of  in hypoeutectoid steels (hypo- relates to steels with less than 0.77w/o C, while hyper- relates to steels with greater than 0.77w/o C), consider the equilibrium cooling of an Fe-0.3w/o C alloy from 900°C to room temperature.  At 900°C, the Fe-0.3%C is fully austenitic (i.e., the microstructure consists of polycrystalline    (figure 2a)).  During equilibrium cooling, ferrite will begin to nucleate at the  grain boundaries at a temperature of about 805°C (figure 1).  Nucleation is most favorable at the grain boundaries since the energy barrier to nucleation (G*) there is reduced compared with that associated with homogeneous nucleation.
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The ferrite will be rationally oriented with respect to one of the abutting austenite grains by, e.g., the Kurdjumov-Sachs orientation relationship, namely:

(111)      (110)

(110)      (111)
Figure 2b shows the microstructure at 800 C with a (composition = 0.012% C) in equilibrium with  (composition = 0.32% C).  Continued cooling will lead to an increase in the volume fraction of   (and an increase in the C content of both  and ) until, at a temperature just above the eutectoid (727°C), 64.1%  (composition 0.02% C) will be in equilibrium with 35.9%  (composition 0.77% C).  The microstructure present at 728°C is represented in figure 2c.  At 727°C, the eutectoid reaction (+Fe3C) occurs and the remaining austenite transforms to Pearlite, which consists of alternating plates (lamella) of  and Fe3C.  Figure 2d shows that the microstructure at 726°C consists of proeutectoid  and pearlite.  Further cooling to room temperature leads to little change, other than the total volume fraction of cementite will increase slightly due to the decrease in C solubility in  as the temperature drops from 727°C to room temperature (see Figure 1).
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Ferrite growth will occur predominantly along the  grain boundaries due to enhanced C diffusion along these boundaries.  Hence, the  tends to completely cover the  boundaries, leading to a “skeleton” of proeutectoid a (vide figures 2c,d).

2.2. The isothermal decomposition of austenite below the eutectoid temperature in hypoeutectoid steels

Consider the same Fe-0.3w/o C alloy.  Quench it from 900°C to, say, 700°C.  At time t = 0 at 700°C, the alloy will still be 100% .  However, as time proceeds,  will begin to nucleate on the  grain boundaries and finally, the alloy will exhibit a microstructure similar to that shown in figure 2d; i.e., it will consist of proeutectoid ferrite and pearlite.  (The details of isothermal transformation characteristics will be covered in MatSE 423.)

2.2.3. Time-Temperature-Transformation (TTT) Curves

Conventionally, transformation rate data are summarized on a Time-Temperature-Transformation (TTT) curves (figure 3a).  The two curves on figure 3a represent the time taken for 1% transformation (e.g., the time taken to precipitate 1% of the  phase) and 99% transformation.  The two “C-curves are typical of diffusional (nucleation and growth) phase transformations and are a reflection of the more rapid nucleation and growth kinetics at intermediate temperatures (e.g., T2 in figure 3b) compared with both higher and lower transformation temperatures (e.g., T1 in figure 3b).  NOTE:  in figure 3b, f is the fraction transformed.
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Figure 4 is the TTT curve for a 1050 steel – with a composition very close that of to 1045.  The curves are somewhat more complex than the schematic curves in figure 3, for the following reasons:  

(i) for the high temperature reaction, proeutectoid ferrite start, pearlite start and transformation finish curves are necessary to fully characterize the transformation.

(ii) below 550°C, no proeutectoid ferrite develops, and the decomposition of austenite yields 100% Pearlite.  The reasons for this will be discussed in MatSE 423.

(iii) below about 325°C, austenite will transform to martensite via a shear mechanism.  Martensite is bct and maintains a full supersaturation of C.  
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Procedure

Samples of the 1045 steel were austenitized at 1000°C and isothermally transformed at 705°C, 675°C, 540°C, and other temperatures for varying times. For each sample, document the volume fraction of ferrite + pearlite (NOTE:  the untransformed austenite transforms to martensite during the quench) and produce a plot of volume fraction transformed versus time, for that temperature.  Each student will do a portion of the samples and data obtained by all students will be shared to obtain a partial TTT curve for the 1045 steel.  

Steel Composition (wt%)

C          Mn          P          S          Si

0.48     0.88       0.013    0.025    0.22

