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Abstract
The present work adresses the evaluation of modified 9Cr-1Mo steels magneic
hystersis loop and magnetic Barkhsuen emission techniques for the samples subjected
to high temperature ageing for different durations. The initially quenched and then
tempered material revealed different magnetic behaiour with ageing. The relxation of
stresses and reduction of high value of dislocations due to quenching in the initial
perriod of ageing was observed with lowering of coercivity and an increase in MBE
signal. Further ageing above 150 hours led to fine distribution of carbides in the
matrix which led to the subsequent magnetic hardening. The formaiton of the fine
carbides was also observed from Scanning electron micrographs. At higher ageing
periods beyond 500 hours, the carbides migrated towards the grain boundary leading
to loweing in the density of the fine carbides in the matrix and a consequent magnetic
softening due to easy domain wall propagation.
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1. Introduction
Cr-Mo steels are the structural materials
used extensively in the components of
petrochemical and power industries for their
high strength, good creep resistance and
excellent corrosion resistance properties [13]. The fine-grained region of the HAZ of a
welded joint consists of tempered
martensitic microstructure. This region is
considered as the vulnerable location in a
welded joint where most of the failure of
components takes place [4-6]. In view of
this, there is an increasing need to address
this problem, for safe operation of
components beyond their designed life [7].
As the material is ferromagnetic in nature,
therefore such microstructural degradations
are supposed to be revealed through
effective
non-destructive
magnetic
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evaluation techniques. Amongst different
magnetic evaluation methods, Magnetic
hysteresis measurement and Magnetic
Barkhausen Emissions techniques can be
used for the property evaluation of such
materials.
The present work addresses the changes
in magnetic properties as well as the
microstructural changes of the water
quenched 9Cr-1Mo steel exposed to high
temperature ageing.
2. Material
The
material
used
in
present
investigation was modified 9Cr-1Mo steel,
which was in the form a tube component.
Strips were cut from the supplied tube for
magnetic and microstructural observations.
The composition of the material is given in
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table. 1. The tempered martensitic
microstructure at 1h of aging is shown in
Fig. 1.
1 hr.

measurements and Magnetic Barkhausen
Emission (MBE) measurements were
carried out for the different aged samples.
Scanning electron microscopy (SEM) was
used for microstructural analyses with an
attachment of energy dispersive X-ray
(EDX) micro analyzer (JEOL-400). The
etchant used for the microstructure
observation is picral reagent. The hardness
measurement was taken by a hardness tester
machine named System AFFERI.
1.1

Error bar = 0.251

Fig. 1: Tempered Martensitic Microstructure
Table 1:
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4. Results and Discussion
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Fig. 2: Variation of normalized RMS voltage
of MBE signal with time of exposure

3. Experimental Procedure
The as-received modified 9Cr-1Mo
material was austenitized at 1173oK for 30
minutes and then water quenched.
Subsequently, the material was tempered at
673oK for 2 hour and then subjected to
aging at 873 K for different duration.
Magnetic
hysteresis
loop
(MHL)
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The material was initially quenched and
then tempered at 673K. The tempered
material was aged for different duration.
Fig. 2 shows the variation of rms voltage of
the magnetic Barkhausen emission (MBE)
with ageing time. Initially the MBE voltage
increased upto an ageing time of 150hrs.
This magnetic softening was also observed
with a corresponding decrease in coercivity
of the material as shown in Fig. 3. This
softening was due to easy propagation of
domain wall movement in view of decrease
in dislocation density and stress relaxation
after tempering. The water-quenched and
the subsequent tempered material after
ageing for 1h consisted of large amount of
fine carbides of MX [M = Fe, Cr, Mo, Nb,
V & X = C, N ] and M2C type which are
mostly found within the martensitic lath
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(fig-1). The fine carbides of M23C6 type are
found at the prior austenitic grain
boundaries. The material aged for 1hour had
high mechanical hardness value of 340Hv.
This is due to the fact that the short ageing
duration was not significant enough to
reduced the high quenched in-stress as well
as the associated high dislocation density.
However, at higher ageing period, relieved
the stresses and reduced the density of
dislocations making a drastic fall in
hardness upto 150 hours of ageing as shown
in Fig. 4.
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Fig. 4: Variation of hardness of the material
with time of exposure

Ageing beyond 150 hours, led to
decrease in rms voltage and an increase in
coercivity as shown in fig-2 and 3. Such
magnetic hardening was due to the
precipitation of the fine carbides that
increase the pinning density against domain
wall motion. Such density of carbide
precipitation (fig-5b) is shown by
precipitation of fine carbides as seen from
the microstructure of 200hrs aged sample.
The drastic initial decrease in hardness as
shown in fig-4 undergoes a gradual change
beyond 150hrs of ageing due to the
formation of these new carbides that lead to
precipitation hardening. These fine carbides
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not only hinder the grain growth but also
obstruct the coarsening of existing carbides.
After 600 hours of ageing the material
revealed magnetic softening which was
reflected by an increase in rms voltage of
the MBE signal and a rapid decrease in
coercivity. In this zone of ageing. There was
not only coarsening of carbides but also
migration of these carbides towards the
grain boundary makes the matrix softer due
to the decrease in carbide density. This is
due to that fact that the diffusion coefficient
of carbon is over several orders higher
compared to the other alloying elements.
This decrease in density of carbon in the
matrix facilitates easy domain wall
movement making the material magnetically
softer. The reduction in the density of fine
carbides in the matrix leads to consequent
lowering of mechanical hardnesss as shown
in fig-4 and was also observed with a
compositional variation of carbides in the
matrix and at grain boundaries. At very high
ageing periods beyond 2000 hours, Mo rich
laves phase have also been found at the
grain boundaries along with the Cr carbides.
5. Conclusion
Magnetic Barkhausen emission and
magnetic hysteresis loop were used to
evaluate the microstructural degradation
study in tempered martensitic structure of
modified 9Cr-1Mo steel. The magnetic
softening followed at the initial period of
ageing were corresponding to the stress
relaxation and decrease in dislocation
density in the material.The intermediate
ageing periods upto 600hrs, subsequent
magnetic hardening was due to the
precipitation of fine carbides of Nb and V
type along with Cr and Mo carbides . At
higher ageing durations, magnetic softening
was observed due to the lesser density of
carbides in the matrix due to the migration
of carbides towards the grain boundaries.
The formation of Mo rich laves phase was
also observed at the grain boundary at
higher ageing periods.
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Fig. 5 (a), (b) & (c): SEM microstructure at
200hours, 1000hours and 2200hours
respectively
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