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n this article, I will discuss the transformation of pearlite 
and ferrite to austenite during the heating of steel into the 
austenite region. This is a fundamental process in the heat 

treatment of steels, directly influencing the final microstructure and 
mechanical properties.

INTRODUCTION
Pearlite is a lamellar mixture of ferrite (a-Fe) and cementite (Fe3C), 
typically formed during the slow cooling of austenite in steels. Ferrite 
is a relatively soft, ductile phase with a body-centered cubic (BCC) 
structure, while pearlite provides a balance of strength and ductility 
due to its composite nature [1]. In hypo-eutectoid steels, the micro-
structure at room temperature often consists of a mixture of ferrite 
and pearlite. In hyper-eutectic steels, the microstructure consists of a 
mixture of pearlite and cementite. These microstructures are shown 
in Figure 1.

Austenitizing is the process of heating steel into the temperature 
range where austenite (γ-Fe, face-centered cubic structure) is stable. 
This transformation is thermodynamically driven and involves the 
dissolution of cementite and the redistribution of carbon atoms [2].

Upon heating above the eutectoid temperature (Ac1), pearlite is the 
first constituent to transform. This transformation is rapid due to the 
fine interlamellar spacing, which facilitates carbon diffusion from 
cementite into the surrounding ferrite, enabling the nucleation and 
growth of austenite at the pearlite/ferrite interfaces [3].

After pearlite is consumed, the remaining ferrite transforms more 
slowly. Austenite nucleates at ferrite grain boundaries and grows by 

absorbing ferrite, with the transformation rate governed by the dif-
fusion of carbon and alloying elements [3].

The critical temperatures AC1 and AC3 are affected by alloying 
content of the steel [2]:

The critical temperatures decrease with additions of austenite-sta-
bilizing elements (carbon, nickel, and manganese), and increase with 
ferrite-stabilizing elements (silicon, chromium, and molybdenum). 

Austenite is not stable below Ac1; only ferrite and cementite exist. 
Between Ac1 and Ac3 austenite coexists with ferrite (hypo-eutectoid 
steels) or cementite (hyper-eutectoid steels). Above Ac3 only austenite 
is stable. Processing temperatures are typically chosen that are 15°C 
(25°F) above Ac3.

TRANSFORMATION KINETICS
The kinetics of austenite formation during heating are described by 
the Johnson-Mehl-Avrami-Kolmogorov (JMAK) or simply Avrami equa-
tion, which models the fraction transformed as a function of time and 
temperature. The general isothermal form is:

where x is the volume fraction of austenite formed; K is the tempera-
ture dependent rate constant; t is time, and n is the Avrami exponent, 
related to the nucleation and growth mechanisms [4]. For austenite 
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Figure 1: Initial microstructures of common carbon steel: Left: Hypo-eutectic steel; right: hyper-eutectoid steel.
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transformation under isothermal conditions, the value of n is typi-
cally between 1.5 and 3 [5].

The rate constant K is an Arrhenius-type temperature dependence:

where Q is the activation energy (typically 120-170 kj/mol [6]), R is the 
gas constant, and T is the temperature (K).

In general, finer pearlite and ferrite structures accelerate aus-
tenite formation due to shorter diffusion distances for carbon [6] [2]. 
Spheroidized cementite (rounded particles) dissolves more slowly 
than lamellar cementite, retarding austenite formation [2].

As the temperature increases, the rate of transformation also 
increases (Figure 2). Slow heating allows for more uniform transfor-
mation and minimizes retained non-austenitic phases. Faster heat-
ing rates shift transformation temperatures upward and can lead 
to incomplete transformation if the holding time is insufficient for 
diffusion-controlled processes [3] [2] [7].

CONCLUSION
In this article, I discussed the transformation of austenite from pearl-
ite and ferrite. This is an important step in the heat-treating process. 
I discussed the effect of alloying elements, and the basic kinetic 

mechanism.
Should you have any questions or comments, regarding this article, 

or suggestions for further articles, please contact the writer or the 
editor.  
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Figure 2: Austenite grain (nodule) radius as a function of austenitizing time at 
different temperatures [2].
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