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Abstract: The concept of Super Martensitic Stainless Steels (SMSS) came into existence at the end of 1950’s and were known by the
name of soft martensitic stainless steels due to their low carbon content. Compared with the traditional martensitic stainless steels, the
strength, ductility, weldability and corrosion resistance of SMSS are greatly improved by varying the alloy content within this class of
stainless steels. Hence, this paper throws a light on effect of different alloying elements, properties and development of SMSS from
Martensitic Stainless Steels (MSS) along with discussing the properties of MSS from which they are developed. Due to their good
corrosion resistance properties, SMSS have replaced the more expensive duplex stainless steels in many offshore applications etc.
owning to the excellent combination of toughness, weldability along with good corrosion resistance. These stainless steels present an
economic alternative against carbon steels and they are free from the use of coating and inhibitors.
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1. Introduction

Stainless steel is a piece of an extensive group of composites
with unique properties for each part. The stainless steel
family is broad and specific particular. There are many
grades and have sub grades and each is expected for
application [5]. The stainless steels are for the most part
isolated into three primary classificatiolns; martensitic,
ferritic and austenitic. Stainless steels are exceptionally
adaptable because of their mechanical properties with their
great imperviousness to corrosion [1].

In the antagonistic or we can say hostile situations, stainless
steels are shielded from rusting and pitting due the vicinity of
high chromium substance. Molybdenum is included for
expanding safety against pitting [2]. Stainless steels
containing 12 to 14% chromium and 0.3% carbon are
broadly utilized for table cutlery, devices and tools
equipments etc. Stainless steels containing 16-18%
chromium and 0.2% carbon are utilized as blade cutting
edges, metal ring, valves, springs and instruments under high
temperature and corrosive conditions [4]. Martensitic
stainless steels are come being used in numerous applications
like hydropower applications, water turbines and petroleum
industry [4].

These are additionally utilized as a part of making parts in
force stations, particularly in atomic force stations,
evaporator tubes, steam channels, radiator and super warmer
tubes [3]. The austenitic stainless steels are exceptionally
economic and austenitic stainless steels are used in various
types of applications. They are incredibly money related
where the appeals put on them are moderate e.g. changing,
securing and transporting foodstuffs and refreshments.
Austenitic stainless steels are astoundingly effective in

ruinous circumstances like destructive situations, in the same
way as high temperature equipment and industries like
chemical etc [4].

Tungsten and molybdenum are added to build the quality by
increasing the strength at raised temperatures, aluminum and
silicon to enhance the imperviousness to scaling and
selenium and sulfur are added to enhance machinability [3].
For both the martensitic and ferritic stainless steels austenitic
contain high imperviousness to corrosion. The austenitic
stainless steels are not hardened by the heat treatment and
fundamentally the quality is expanded by work-hardening
[6]. Structure of these steel comprises of ferrite stage which
can't be solidified or we can say hardened by heat treatment.
They have low carbon and have extensive ductility, capacity
to be worked hot or cool, phenomenal corrosion safety and
are moderately in expensive. They are constantly magnetic
and hold their fundamental microstructure up to the melting
point [3].

2.Martensitic Stainless Steel

These stainless steels having primary substance like
chromium and carbon, they are hardenable by heat treatment
and ferromagnetic. In these stainless steels the chromium
substance is around (12% to 18%) and carbon substance is
low. They are having great fatigue, creep and tensile strength
[7]. In the martensitic stainless steels quality like strength
that is gotten by heat treatment is essentially rely on the
carbon substance introduce in the materials. Essentially, to
build the hardness and strength of the martensitic stainless
steels carbon substance are expanded. Anyhow expanding
the carbon substance is contrarily corresponding to the
toughness and ductility of the materials [8]. During welding
at the tempering temperature which is extending from300 to
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550°C have the fragile or we can say brittle chromium
carbide precipitation at the grain boundaries [9].

Martensitic stainless steels are broadly used when corrosion
safety alongside high strength is needed in the part [10]. Hot
rolling and hot forging are the two most critical shaping steps
for the primary methodology of these combinations.
Softening mechanisms such as dynamic and static
recrystallization (DRX and SRX) have a urgent part in this
setting and it significantly impact the development of the
microstructure [11]. These martensitic stainless steels are the
combination of the carbon and chromium which is having
body focused tetragonal (BCT) structure [12].

These stainless steels can be hardened by heat treatment.
Furthermore the principle point is that it entire strength is
gotten by heat treatment which is completely relies on upon
carbon content [13]. The Martensitic stainless steels have
moderate corrosion safety. These steels can be modestly
hardened by cold working [14]. In hardened and tempered
condition, these combinations have great toughness and
ductility properties. These are utilized when the application
requests great elasticity, creep safety, and fatigue strength
properties, in mix of moderate corrosion safety and heat
resistance. In any case, as of late various new martensitic
evaluations of enhanced strength and corrosion safety have
been proposed for pacific applications [15].

3.Supermartensitic Stainless Steel

The supermartensitic stainless steels basically called low
carbon martensitic stainless steels and soft martensitic
stainless steels. They are steels with commonly between 10-
13% chromium, carbon substance of the request of 0.01-
0.03% and nickel expansion in the extent 1-6% to settle the
martensitic microstructures. It is understood that the
extension of niobium lessens the transformation temperature
(Ms), advances grain refinement, and improves strength [16].
Supermartensitic stainless steels (SMSS) have been joined in
oil and gas business wanders for flowline material as a
choice for both duplex stainless steels and carbon steels with
inhibitor. SMSS indicate more toughness, corrosion security
and weldability properties when appeared differently in
relation to conventional martensitic stainless steels. Low
carbon martensitic stainless steels, called supermartensitic
stainless steels (SMSS), have been delivered for flowline
applications in CO2 content circumstances adding to oil and
gas business ventures as a choice to replace costing duplex
stainless steels or carbon steels with inhibitors [17].

SMSS are vulnerable to hydrogen embrittlement in hydrogen
charged conditions even in region of no commanding or
aggressive environment. High titanium substance of steel is
typical the region of Ti(C, N) precipitates which are vital to
the corrosion wellbeing as far as it matters for it in the
prevention of chromium and molybdenum carbonitrides
improvement [17]. These materials have high strength and
great corrosion safety in brackish waters containing carbon
dioxide (CO2) however constrained imperviousness to
hydrogen sulfide (H2S). Molybdenum is included the level
1-3% in a few evaluations to enhance imperviousness to
media containing H2S. The low carbon substance and high
nickel substance guarantee that the heat affected zone is

practically completely martensitic with great toughness and
that hydrogen crack free welds can for the most part be made
without preheat. Great weld area toughness is attained to
without a requirement for postweld heat treatment.

The impact of tempering is to deliver the retained austenite,
which is favourable for propelling ductility and toughness.
The development of Nb retards the improvement of the
reversed austenite and enhances strength through
precipitation hardening. The pitting corrosion safety of super
martensitic stainless steel is essentially enhanced by 2% Mo
expansion. By adding 0.1% Nb to 2% Mo-bearing steel, the
pitting corrosion safety is fundamentally enhanced far
beyond that acquired by including 0.1% Nb to 1% Mo
bearing super martensitic stainless steel. It was observed that
the corrosion rate was surprisingly decreased with an
increment in Mo content. The steel with 2% Mo or higher
substance of Mo did not endure SSC, while steels with 1%
Mo and no expansion of Mo endured SSC or pitting in
uncovered environment [26]. Because of distinctive alloying
and preparing necessities, contrasted and 22%Cr duplex
stainless steels, these supermartensitic steels are significantly
less expensive than the contending duplex evaluations for
pipeline and stream line  applications  obliging
imperviousness to CO2 with low levels of H2S [18]. SMSS
in the wake of normalizing and tempering involves tempered
martensite and reverse austenite however on occasion some
o-ferrite additionally gets presented [12].

4. Modification Of Martensitic Stainless Steels
To Supermartensitic Stainless Steels

No doubt inconceivable for a steel with more than 11-12%
Cr to be "stainless™ yet still have the capacity to accomplish
the fundamental thermal change by quickly cooling the FCC
austenite to deliver the 'stuck up', distorted and hence hard
martensitic crystal structure. Carbon is an influential
interstitial austenite stabilizer, is utilized as the alloying
component to shift the gamma circle to higher Cr contents,
thereby extending the FCC austenitic phase field. This
impact of C is obliged by the solid capacity of Cr to keep up
the BCC ferritic structure and, because of the high fondness
of Cr for C, Cr carbides will form. Therefore, the C and Cr
substance need to be balanced: this guarantees the obliged
thermal transformation of crystal structure and avoids a
decrease in the inactivity resulting from an over the top
measure of Cr being extracted from the matrix and locked up
as Cr carbides. The Cr substance of martensitic stainless
steels is constrained to generally low levels of 12-18%Cr the
steels with lower Cr content having lower carbon [19].

Martensitic  stainless steels have exceptionally poor
imperviousness to corrosion as contrast with others stainless
steels. They have comparable thermal properties and thermal
development to conventional steels [6]. These martensitic
stainless steels are the combinations of the chromium and
carbon which is having body focused tetragonal (BCT)
structure [12]. Martensite has extremely poor weldability.
The heat info and ensuing cooling of the HAZ is proportional
to heat treatment did on a bound territory. Hard brittle
martensite structures in the HAZ. Unique insurances help
keep away from this and any martensite that does structure

National Conference on Knowledge, Innovation in Technology and Engineering (NCKITE), 10-11 April 2015
Kruti Institute of Technology & Engineering (KITE), Raipur, Chhattisgarh, India

Licensed Under Creative Commons Attribution CC BY

287



http://creativecommons.org/licenses/by/4.0/

International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438

must be tempered [20]. Tempering treatment propels
precipitation of fine precipitates at between lath boundaries
and inside laths which successfully increase strength. The
mechanical properties of SMSS were firmly dependent on
the bit of retained austenite, which is exceptionally delicate
to heat treatment [12].The steel X1CrNiMo 12-5-1 (lower
substance of Mo, Ni, Cr) has much higher estimations of
anodic current density peak and reactivation proportions than
other tried steels [21]. For 13Cr supermartensitic stainless
steel, there is diminished passivation capacity when the AC
density increments. Moreover, the corrosion rate is higher for
higher AC densities [22]. High Nb low N arrangement offers
fascinating inclination to get an unimaginable mix of
enhanced strength, incredible toughness and upgraded
corrosion properties in supermartensitic stainless steel [23].
The intergranular crack mode and the lower d-ferrite
substance of a SMSS Subjected to Common Heat Treatment
Cycles in an Aggressive Environment, suggest that the
precipitation of chromium carbides happened in grain
boundaries during the austenitization cycle, which realized
refinement of the reach and are in like manner a trap site for
hydrogen, appropriately lessening amazingly the mechanical
execution of the material in this environment [24].

5.Development In Supermartensitic Stainless
Steel

The Supermartensitic stainless steels (SMSS) have been
created in these years as engaging specific choices to high
strength low alloy (HSLA) steels on a very basic level in
various applications related to the oil and gas industry. The
welding of these steels expect a key part in made sections,
influencing their toughness, weldability, and impenetrability
to sulfide stress cracking. Supermartensitic stainless steels
were created considering incredible martensitic stainless
steels having (11-14% Cr), diminishing C substance to
update weldability and corrosion resistance and adding Ni to
propel a free-ferrite structure and Mo, which also upgrades
corrosion security [20].

Postweld heat treatment (PWHT) is typically vital to modify
weldment properties, considering microstructural
progression. PWHTs used incorporate single or twofold
tempering treatment, propelling tempering martensite and
plan of retained austenite, which realizes lower hardness and
higher toughness values. This kind of consumable presents a
couple of good circumstances, for instance, low slag
generation and high deposition rate.

There have been various tries to make harder SMSS stores.
Control of chemical composition, particularly decreasing O,
S, N, and C contents or expansion of Ni, has ended up being
effective. Additionally, it is phenomenal that the substance of
low strength stages like untempered martensite or ferrite
impacts the final estimation of toughness, and an extended
piece of retained austenite upgrades it. The piece of
precipitation reactions is not yet completely gotten on [20].

6. Effect Of Alloying Element

(1) The more we include powerful Cr content (the Cr in
arrangement, which can structure or form the oxide
layer) by diminishing C to improve corrosion security
and weldability.

(2) The development of Ni to keep up martensitic
microstructure without d ferrite.

(3) The development of Mo to build the impenetrability to
corrosion and sulfide stress cracking (SSC) [25].

(4) The diminishing of C substance and development of Ti
are convincing to avoid intergranular stress corrosion
cracking (IGSCC) at the heat affected zone [26].

(5) Decreasing N content in super martensitic stainless is
essential for a change in toughness and pitting corrosion
safety [26].

(6) It was observed that the erosion rate was amazingly
lessened with an increment in Mo substance [26].

(7) Mo is exceptionally compelling in enhancing the
imperviousness to restricted corrosion of stainless steel.

(8) The increment of Cu substance enhances the ductility as
well as expands the hardness and strength of SMSS after
tempering [12].

(9) Nickel (Ni) has the inverse impact than chromium upon
the adjustment of stages. It influences structure,
properties, opposes corrosion and does not form
carbides [27].
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