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Figure 1. 2 Typical microstructure of maraging steel.
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Figure 1. 3 Typical microstructure of general martensite steel.

Microstructure-martensite matrix

In many respects, the metallurgy of the maraging steels resembles that of the precipitation-
hardening stainless steels Figure 1.4. The maraging steels have enough alloy content to lower the
Ms temperature to near or below the room temperature. Austenite decomposition does not occur
above the Ms temperature, which means neither pearlite nor bainite is formed. So, as mentioned
in the production characteristics, the rate of cooling from high temperature is not important in
hardening. The steels are hardened mainly by aging the martensite to promote precipitation

hardening. The martensitic structure does not revert to austenite on heating until a temperature of
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about 530 °C is exceeded. The steel was designed to be austenitic and, thus, soft and readily
fabricated in the as-annealed condition. To harden this steel, the austenitic structure must transform
into martensite. To develop maximum strength, the steel must be entirely martensitic before
precipitating hardening. Cold working is known to raise the Ms temperature of austenitic iron

alloys. Consequently, cold working may serve as a substitute after austenitization.

Figure 1. 4 Typical microstructure of precipitation-hardening stainless steels.

Microstructure-reverted austenite

In general, austenite in steels is derived from two different ways: (a) the austenite phase
retained after cooling from the two-phase region is known as retained austenite, which has been
investigated extensively in TRIP steels and (b) austenite phase which is formed by partial reversion

from martensite on aging in the two-phase region at a lower temperature is defined as reverted
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austenite [27-33]. In some maraging steels, reverted austenite was observed in the martensitic
matrix on aging at high temperature. The reversion of martensite (a’) to austenite (y) is an
important constituent that is believed to control the final structure and influence the mechanical
properties. The reverted austenite in maraging steel exhibits different morphologies [32,33]. The
morphologies of reverted austenite are closely correlated with alloy compositions and process
parameters [33]. Reverted austenite in maraging steels generally appears either as elongated or
granular shape. More specifically, reverted austenite is classified into three types, i.e. matrix
austenite, lath-like austenite and recrystallized austenite [32]. Matrix austenite is defined as an
austenite phase that either develops from retained austenite and thus has the same orientation or
grows at the prior austenite grain boundaries and forms a single austenite grain (Figure 1.5(a)).
Lath-like austenite can be generated along and within the martensite laths, thereby generating a
lamellar structure of alternate austenite lath and residual martensite lath (Figure 1.5(b)).
Recrystallized austenite normally nucleates at high aging temperatures or after long aging times
and it is characterized by a polygonal shape with low dislocation density, as shown in Figure 1.5(c).
In addition, in high Ni alloyed and Ti-containing maraging steels, a type of Widmanstétten
austenite was reported to become dominant on aging at high temperatures for a long time [36,45].
Austenite can act as a sink for impurities by reducing N and P embrittlement during heat treatment.
Transformation of austenite to martensite may occur during deformation, which also improves

toughness.
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Figure 1. 5(a) Matrix austenite at prior austenite grain boundaries [34], (b) the lamellar structure
of alternate lath-like austenite and residual martensite [46] and (c) a recrystallized austenite grain
free of defects [33].

Microstructure-precipitates

Besides martensite matrix, characteristic of precipitates in maraging steel play another
significant role in determining the mechanical properties. The precipitates in maraging steel are
effective in restricting the movement of dislocations, and thereby promote strengthening by the
precipitation hardening process. During initial development of maraging steel, researchers have

shown great interest in precipitates present in maraging steel. With the development in the material
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characteristic techniques like high resolution transmission electron microscope (HR-TEM) and 3D
atom probe tomography (3DAPT), the extremely small precipitates can be characterized. The
nature of intermetallic precipitates within maraging steel have been generally investigated, as

shown in Table 1.2
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Table 2.21 Phases in maraging steel [34].

Phase Stoichiometry  Crystal structure Lattice parameters
Y f.c.c a=3.5852 A
o b.c.c a=2.8812 A
u A7B¢ rhombohedral a=4.751 A
a=30.38°
® A2B hexagonal a=3.9-405A
c=239-248 A
S AsB hexagonal a=7.04A
c=248 A
X AsB hexagonal a=255A
c=830A
Fe:Mo A:B hexagonal a=4.745 A
c=7.754 A
Ni3(Ti, Mo) AzB hexagonal a=5.101 A
c=8307 A
NizMo A3B orthorhombic a=>5.064 A
b=4224 A
c=4.448 A
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