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Effect of morphology of martensite–austenite
phase on fracture of weld heat affected zone
in vanadium and niobium microalloyed steels

Y. Li and T. N. Baker*

In multipass welding, the intercritically reheated coarse grained heat affected zone (HAZ)

demonstrates the worst toughness in the welded joint, since it contains a high carbon martensite

with some retained austenite, known as M–A phase, which is brittle and associated with the high

cooling rates following welding. The purpose of the present work was to explore those aspects of

the morphology of the M–A phase which determined the ease or otherwise of crack development

in welded vanadium and niobium high strength low alloy steels. Four steels were subjected to

heat treatment to simulate the microstructure of an intercritically reheated coarse grained HAZ.

The toughness of the simulated intercritically reheated coarse grained HAZ was assessed using

both Charpy and CTOD tests. Microstructural features were characterised by scanning and

transmission electron microscopy and optical microscopy. Fractographic examination of the

Charpy and CTOD specimens were carried out to understand the micromechanism of fracture

under different microstructural and test conditions. Evidence of both cracking and debonding of

M–A phase and carbides was found, and many of the cracks appeared to develop by linking up

of voids resulting from debonding. The importance of the dihedral angle 2h in determining the

interfacial energy of the two main morphologies of the M–A phase, blocky and elongated stringer

particles, was considered. While both carbides and inclusions were observed, these features

appear to have a minor role in determining the degree of toughness of the steels.
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Introduction
Alloy composition and microstructure are known to
have a strong influence on toughness, particularly in
body centred cubic alloys such as microalloyed steels.
Microstructural features which are important to tough-
ness are grain size and the volume fraction and size of
local brittle regions, which include carbides and inclu-
sions in as rolled ferrite–pearlite steels, and M–A phase,
which is a high carbon martensite with some retained
austenite, in the heat affected zone (HAZ) of welded
carbon steels. These features are well established as
having a controlling effect on the impact transition
temperature (ITT) of steels, which is also influenced by
the carbon, manganese and silicon levels. Microcracks
are initiated both by the fracture of brittle particles and
by the separation of particles and matrix along
interfaces,1 while grains having both low and high

misorientations are known to provide different levels of
resistance to the propagation of cracks. In ferrite–
pearlite steels, Görrissen2 proposed that grain refine-
ment of ferrite was the main source of improved
toughness, and in his work this was related to the level
of the manganese addition. Allen et al.3 were the first
authors to associate brittle fracture in low carbon steels,
,0?25 wt-%C, at low temperatures with the cracking of
cementite films. It is now well accepted that in ferrite–
pearlite steels, the thickness of cementite is a major
factor controlling the ITT.4–9 In the models of Almond
et al.10 and Petch,11 both of which predict the fracture
stress in terms of microstructural parameters, terms for
average grain size and average carbide thickness are
included. While Petch11 did not produce experimental
data to support his model, in a subsequent paper,
Bingley and Siwecki12 analysed the data from three
carbon steels using a modified Petch approach. They
obtained a good agreement between predicted and
experimental ITT when they replaced the average grain
size by the average of the largest 20% of the grains and
also used the maximum carbide thickness. These
modifications were confirmed in further work by
Bingley.13 On the other hand, Mintz et al.14 found that
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