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Group C: Martensitic and ferritic stainless steels.



Introduction

Group C is a quite complex but very important group, which illustrates the 
evolution of several different types of stainless steel. The starting point is
plain carbon steel and the main route shows how the alloying addition of
12% chromium leads to simple low-carbon ferritic and higher-carbon
martensitic stainless steels. Further additions of chromium up to almost
30% lead to the highly oxidation-resistant ferritic stainless steels.

There are two important side branches in this group, both of which illus-
trate the influence of reducing carbon to very low levels, and introducing
quite modest amounts of alloying to give both martensitic and ferritic steels
with useful corrosion resistance in aqueous media at moderate cost.

Finally there is a further sub-branch that illustrates the relationship
between the soft martensitic types and the precipitation-hardening marten-
sitic types.

The 12% chromium, type 410 alloy is the starting point for both Group
D Duplex and superduplex stainless steels and Group E Standard austenitic
stainless steels.
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Plain 11–12% chromium steels with very low carbon
contents and little additional alloying
Also known generically as types 405, 409 and 410S, or ‘Utility ferritics’

Description

These corrosion-resistant 12%Cr steels have been developed with very low
carbon contents and close control of the martensite/ferrite balance. 
Some of the steels are ferritic, leading to the general description ‘utility 
ferritics’ but the more modern versions have a dual phase structure, which
consists of fine-grained low-carbon martensite and fine-grained ferrite. 
The microstructures are balanced for ease of forming and fabrication, 
and to avoid the extremes of properties and welding behaviour usually 
associated with fully martensitic or ferritic structures. A typical compo-
sition is:

C Mn Si S P Cr Ni

Weight % 0.025 1 0.5 <0.01 <0.02 12 <0.2

The steels are normally supplied in accordance within one of the fol-
lowing specifications:

UNS ASTM EN Proprietary alloys

S40500 Gr. 405 1.4003 Columbus Steel 3CR12
S40900 Gr. 409 1.4512 Krupp Nirosta 4003
S40800 Gr. 410S 1.4000 Avesta Polarit 850

These steels are always supplied directly, controlled-cooled from hot
rolled strip or plate.

Background

These steels were developed in the second half of the 20th century as eco-
nomic bulk production of very low-carbon steels became possible. The early
versions were developed by Columbus Steel in South Africa to exploit very
large local reserves of chromium; much of the development of these steels
has been carried out there.
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Performance

These steels combine basic stainlessness with reasonable strength up to
about 400 MPa proof stress. Exact properties are dependent upon carbon
and minor alloying content, plus microstructure. The best combination of
strength and toughness is achieved with thinner materials and most appli-
cations use sheet or plate up to about 10 mm in thickness.

Although not primarily designed as high-temperature alloys, these steels
offer useful properties up to 450 °C for continuous service and 750 °C 
for intermittent temperatures/unloaded structures. The 12% chromium
content provides good oxidation and scaling resistance in hot and sulphur-
bearing flue gases.

These steels are only just stainless and are not designed to compete
directly with the 300 series austenitic and duplex stainless steels in more
aggressive media. However, they show exceptional wear/abrasion resistance
under wet conditions.

Applications

In general terms these steels have properties that bridge the gap between
coated, painted or galvanised steels and the more expensive austenitic stain-
less steels. Although much softer than low-alloy quenched and tempered
steels, they are often cost effective for applications requiring wet abrasion
resistance.

Typical uses include sugar-refining plant; hoppers, chutes and silos in
the metals and minerals handling and processing industries; vehicle/rail car
bodies and chassis; fertiliser and refuse-handling plant; high-temperature
exhaust ducts and flues.

Concerns over heat-affected zone (HAZ) properties and toughness mean
that these steels are not used in pressure-containing structures, but they are
often exploited in other safety-critical structures such as road and rail 
vehicles. Special testing is carried out to ensure fitness for purpose.
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C–1

Plain 11–13% chromium martensitic steels with
various carbon contents
Also known generically as types 410 and 420

Description

These steels contain 11–13% chromium with minimal additional alloying.
The older standard grades such as 410, 420, etc. have carbon contents in the
range 0.1 to 0.2%, are air hardening and give a predominantly martensitic
microstructure. The steels are invariably heat treated before use and then
contain tempered martensite with varying levels of chromium carbide and
retained ferrite. The more modern related grades have lower carbon con-
tents and some small alloying additions to improve weldability (C–5). A
typical composition is:

C Mn Si S P Cr Ni

Weight % 0.1–0.2 1 0.5 <0.01 <0.02 12 <0.2

The steels are normally supplied in accordance within one of the 
following specifications:

UNS ASTM EN

S41000 Gr. 410 1.4006
S42000 Gr. 420 1.4021

1.4028
1.4031
1.4034

They are usually supplied in the annealed or normalised and tempered
condition to give a tempered martensitic microstructure.

Background

These steels are the modern successors to Brearly’s air-hardening cutlery
steel, which is generally recognised as the first stainless steel and was devel-
oped very early in the 20th century. The steels with about 12%Cr are just
stainless and corrosion is prevented by the formation of a stable chromium
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oxide film. They represent the starting point for the evolution of all the 
stainless steels, culminating in the latest superduplex, superaustenitic and
superferritic alloys.

Performance

Type 410 and 420 steels combine basic stainlessness with very high strength,
proof stresses in excess of 1000 MPa and limited toughness. They retain
tensile properties at elevated temperatures and at 600 °C maintain about
45% of their room temperature strength.

Plain 12% chromium steels have corrosion resistance in a limited range
of media and are not intended to compete with more the highly alloyed
austenitic and duplex alloys. However, they have very good resistance
against hot oils and wet carbon dioxide. They also have useful abrasion and
cavitation resistance because of their high hardness.

Applications

Most applications are designed to exploit one or more of the following 
features:

• basic stainlessness;
• modest cost;
• high strength at both ambient and elevated temperatures.

Applications include hydro crackers, reactor vessels, distillation plant and
associated pipework in oil refineries. The steel industry also makes exten-
sive use of these alloys in furnace parts, linings and run out rolls, particu-
larly in continuous casting plants.

They are also used for cast steam valve bodies, pumps, shafts, turbine
parts and burner nozzles where modest corrosion resistance and high-
temperature properties are required. Finally they have largely displaced 
mild steel plus corrosion inhibitors, for oil-well down-hole tubulars where
operating conditions are not too extreme.
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C–2

Plain 17% chromium ferritic stainless steels
Also known generically as types 430 and 430Ti

Description

These steels are, in principle, ferritic at all temperatures. This is achieved by
increasing the level of ferrite formers, in this case chromium, to about 17%
and by maintaining low levels of austenite formers such as nickel. Small
additions of silicon and titanium in grade 430Ti improve weldability and
high temperature performance. Typical compositions are:

C Mn Si S P Cr Ni Ti

Weight % Type 430 0.05 1 0.3 <0.01 <0.02 17 <0.5 –
Type 430Ti 0.04 1 0.6 <0.01 <0.02 17 <0.5 0.4

The steels are normally supplied in accordance within one of the 
following specifications:

UNS ASTM EN

S43000 Gr. 430 1.4016
Gr. 430Ti 1.4510

1.4511

These steels are usually supplied in the softened or annealed condition
to give a fully ferritic microstructure.

Background

Alloy 430 was a relatively early development following the discovery of stain-
less steels early in the 20th century. It was found that by increasing the
chromium content by about 5%, the microstructure changed from being
martensitic to become fully ferritic, and quite different and useful proper-
ties could be exploited. However, these alloys are sensitive to embrittlement
at temperatures around 500 °C and also during welding.

About 1980, an improved grade with slightly increased silicon and tita-
nium was introduced and this has enhanced weldability in thin sections and
long-term scaling resistance. The presence of titanium restricts grain growth
and embrittlement in the weld HAZ.
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Performance

These steels have good general atmospheric corrosion and high-tempera-
ture oxidation resistance (better than type 410, because of the increased
chromium content) and will resist water, steam and all the organic acids in
moderate concentrations. They also show good resistance to commercial
grades of detergents and alkaline solutions. They are not resistant to most
mineral acids or to chlorides.

A particular feature of the alloys is their resistance to hot sulphur-bearing
gases from coal- and oil-burning furnaces and, in this respect, they are 
superior to most nickel-bearing alloys. Grade 430Ti has excellent scaling
resistance up to about 850 °C and also resists cyclic oxidation.

Applications

Most applications for type 430 exploit its good general corrosion proper-
ties, coupled with easy formability and the steel is widely used in domestic
appliances, automotive and decorative trims, stainless steel sinks and food
preparation surfaces and window fitments. Resistance to sulphur-bearing
flue gases is often exploited in furnace parts and ducting. However, pro-
longed exposure at temperatures around 500 °C (so called ‘475 embrittle-
ment’) does result in a severe loss of ductility and the alloy should not be
used for critical load-bearing components in such situations.

Type 430Ti is the preferred high-temperature alloy because of its good
weldability. Very large quantities are used in the manufacture of automotive
exhaust systems and catalytic converters. It is also used in water heaters and
heat exchangers.
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C–3

Plain 26% chromium ferritic stainless steel
Also known generically as type 446

Description

This steel is, in principle, ferritic at all temperatures and is non-heat treat-
able. It is an evolutionary development of type 430 with a further increase
in chromium to about 26%. It contains no other significant alloying other
than carbon up to a maximum of about 0.2%. A typical composition is:

C Mn Si S P Cr N

Weight % Type 446 0.1 0.7 0.5 <0.01 <0.02 26 0.1

The steel is normally supplied in accordance within one of the following
specifications:

UNS AISI EN
S44600 Gr. 446 1.4762

This steel is always supplied in the fully softened condition to give a fully
ferritic microstructure.

Background

Alloy 446 was again a relatively early development following the discovery of
stainless steels early in the 20th century. It was found that by more than dou-
bling the chromium content of Grade 410 to about 26%, the microstructure
changed from being martensitic to become fully ferritic, and quite different
and useful properties could be exploited. However, these alloys are sensitive
to embrittlement at temperatures around 500 °C and also to HAZ grain
growth during welding.

Performance

These steels have good general atmospheric corrosion and high-
temperature oxidation resistance; better than type 430. In terms of aqueous
corrosion they offer no real benefits over other stainless alloys of similar 
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cost and the difficulties in welding and fabrication restrict their use to high-
temperature applications.

Like alloy 430, a particular feature is their resistance to hot sulphur-
bearing gases from coal and oil burning furnaces and, in this respect, they
are again superior to most nickel-bearing alloys. They are particularly re-
sistant to oxidation and erosion when in contact with molten glass.

Applications

Most applications for type 446 steels exploit their high-temperature oxida-
tion resistance and resistance to sulphur-bearing atmospheres and to
erosion by molten glass. Difficulties in forming and HAZ grain growth and
embrittlement during welding mean that fabrications are limited. Most
applications use thin sheet or strip for light construction or castings for
heavier components. They are used by a wide range of industries for boiler
baffles, furnace parts, oil burner components, kiln linings, annealing boxes
and industrial muffle furnaces.

They are widely exploited in glass manufacture and particularly in glass
moulds, where they have been found to be superior to most other, more
expensive, heat-resisting alloys.
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C–4

14–17% chromium, 5% nickel, 2–3% copper,
precipitation-hardening stainless steels
Also known generically as alloys 630 and 450

Description

These steels are representative of a large range of ‘lean’ chromium–nickel
martensitic stainless steels that contain copper and, as a result, undergo a
precipitation-hardening reaction when appropriately heat treated. Some of
these alloys also contain molybdenum to improve pitting corrosion resis-
tance and niobium to provide some stabilisation. They are quite closely
related, in terms of composition, to the soft martensitics. Two grades,
17/4PH and FV520B, are described. Typical compositions are:

C Mn Si S P Cr Ni Mo Cu Nb

Weight % 17/4PH 0.03 0.6 0.4 <0.01 <0.02 16.5 4 0.2 3.5 0.2
FV520B 0.05 0.7 0.3 <0.01 <0.02 14 6 1.6 1.7 0.3

The steels are usually supplied in accordance with one of the following
specifications:

UNS ASTM EN Proprietary alloys

17/4PH S17400 A564 Gr. 630 1.4542 Armco Steel 17/4PH
Carpenter Custom 630

FV520B S45000 A564 Gr. XM-25 1.4532 Firth Vickers FV520B
Carpenter Custom 450

These steels are always solution treated followed by an ageing treatment,
which will determine the final strength. The microstructure consists of 
tempered martensite further strengthened by secondary or precipitation-
hardening reactions.

Background

These steels were developed mid-way through the 20th century on both
sides of the Atlantic. In the USA, the Armco Steel Company introduced
17/4PH, while at about the same time Firth Vickers in Sheffield were working
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on FV520B. The resulting alloys are similar and both rely on a significant
amount of copper to promote precipitation hardening, which in turn leads
to the very high strength of these alloys.

Performance

These steels combine exceptionally high strength with a reasonable degree
of corrosion resistance. They can be aged to give proof strengths in excess
of 1100 MPa, about three times the strength of the 300 series alloys (E–0, E–1,
E–3), or they can be supplied overaged with reductions in proof strength to
about 600 MPa. The exact heat treatment depends on the application, but it
should be noted that at the highest strength levels, ductility and toughness
are reduced, and the steels are rather sensitive to stress corrosion cracking
(SCC). They also maintain strength up to about 300 °C.

The corrosion resistance of 17/4PH is similar to that of type 304L (E–1),
whereas that of FV520B is somewhat better, particularly pitting resistance,
because of the additional molybdenum content. Although these alloys are
classed as stainless, they were not primarily designed for use in aggressive
environments.

Applications

Common applications include aircraft components, such as high-strength
undercarriage parts, centrifuge bowls, compressor impellors, food machin-
ery parts, machine tools, propeller shafts, pump impellers, rotors and valve
bodies and certain gas turbine components. The industries that typically
exploit the unique combination of properties are chemicals, oil and gas,
pulp and paper, marine, aerospace and power generation.
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C–5

Low-carbon 13% chromium steels with 4.5% nickel
and 1.5% molybdenum
Also known generically as types CA6NM and F6NM

Description

These so called ‘soft martensitics’ are a development of the plain 12%
chromium steels in that they have a lower carbon content with additions of
4 to 6% nickel and 0.5 to 1.5% molybdenum. The result of these composi-
tional modifications is to greatly improve toughness and weldability with
relatively little reduction in strength. A typical composition is:

C Mn Si S P Cr Ni Mo

Weight % 0.04 0.75 0.3 <0.01 <0.02 13 4.5 0.75

The steels are normally supplied in accordance within one of the 
following specifications:

UNS ASTM EN

S41500 F6NM (wrought) 1.4313
CA6NM (cast)

Soft martensitic steels are always supplied in the tempered condition
and the microstructure consists of a fine lath martensite with little or no
residual ferrite. A very fine dispersion of stable austenite is formed during
heat treatment and this contributes to the relatively high toughness of these
alloys.

Background

These steels were developed in the second half of the 20th century as eco-
nomic bulk production of very low-carbon steels became possible. Origi-
nally they were produced mainly as castings but since about 1970, forgings
have become more widely available. The most commonly used grade is that
given above but a higher alloyed version with 16% chromium, 5% nickel and
1.5% molybdenum is quite popular in Europe for use in more aggressive
environments.
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Performance

The soft martensitic stainless steels fall mid-way between the plain 12%
chromium steels and the more highly alloyed austenitic stainless steels such
as type 316L (E–3). They have much higher strength than the austenitics,
with a proof strength of up to 800 MPa. However, their corrosion resistance
is more limited and they have pitting resistance equivalent (PRE) values in
the range of 15 to 21.

Cast alloys have good toughness down to at least -50 °C and useful values
can be obtained at -100 °C, with the correct heat treatment. Forged versions
generally have better toughness than castings.

These alloys were not primarily designed for elevated temperature appli-
cations. Nevertheless, they retain strength up to about 400 °C, at which point
they tend to show the ductility dip common to most 12% chromium steels.

Applications

The alloys have good general corrosion resistance and some resistance to
stress corrosion cracking in carbon dioxide and hydrogen sulphide environ-
ments. They are also particularly resistant to wet abrasion and cavitation,
and are widely used in the following areas:

• Heavy section water turbine components for hydroelectric power gener-
ation including runners, impellors, diaphragms, diffusers, impulse
wheels and propellers.

• Pumps and valve bodies for the power generation and petrochemical
industries, particularly in cooling systems handling brackish water.

• Wellhead equipment for the offshore oil and gas industries where the
combination of very high strength and reasonable corrosion resistance
can result in significant topside weight savings.
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C–6

Extra low-carbon 11–13% chromium steels with
various levels of nickel and molybdenum
Also known generically as supermartensitic stainless steels

Description

These so-called ‘supermartensitics’ are a development of the soft marten-
sitics with very low levels of interstitial elements, particularly carbon and
nitrogen. Three grades are recognised, usually described as lean, medium
and high alloyed. The lean grade has only about 2% nickel and no molyb-
denum, whereas the medium grade is rather like a soft martensitic with 4.5%
nickel and 1.5% molybdenum, but with extra low carbon. The high-alloy
grades contain about 6% nickel, 2–2.5% molybdenum and, sometimes,
about 0.5% copper. Typical compositions are:

C Mn Si S P Cr Ni Mo N

Weight % ‘Lean’ 0.01 1.5 0.2 <0.01 <0.02 11 2 – <0.01
‘Medium’ 0.01 1 0.2 <0.01 <0.02 12 4.5 1.5 <0.01
‘High’ 0.01 1 0.2 <0.01 <0.02 12 6 2.5 <0.01

The steels are always supplied in the tempered condition and have a
microstructure of very low-carbon ‘soft’ tempered martensite with inherent
high strength and toughness. Some finely dispersed austenite will be present
but little, if any, ferrite.

As relatively new steels that are still under development, they have not
yet been allocated UNS or EN numbers. However, they are offered by a
number of steel producers under various proprietary designations. Exam-
ples are:

• Sumitomo: Super 13Cr series (three grades).
• Industeel: Fafer X80 (three grades).

Background

These steels were developed in the last quarter of the 20th century as new
steel-making technology was developed that enabled steels to be produced
with extremely low levels of interstitial elements such as carbon and nitro-
gen, together with low levels of residual elements. The result of this 
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technology was the development of a range of very high-strength, weldable
martensitic steels, with excellent toughness.

Performance

Supermartensitics can be produced with proof strengths up to about 
850 MPa and more than meet the requirements of X80 and X100 pipeline
specifications. Toughness is dependent on optimum heat treatment, but it
is generally considered that the lean grades are suitable for temperatures
down to -20 °C, whereas the medium and high-alloy grades are suitable for
service down to -40 or -50 °C.

The supermartensitics exhibit good strength retention up to about 
+250 °C, when compared with duplex stainless steels. They have good cor-
rosion resistance to dissolved carbon dioxide, often under saline conditions,
with useful resistance to pitting and SCC in the presence of some hydrogen
sulphide. Resistance to SCC increases markedly with grade and alloy
content.

Applications

The main uses, particularly in the offshore oil and gas industry, are for line
pipes, flowlines, tube bundles and downhole tubulars requiring high
strength combined with reasonable corrosion resistance. For these types of
application, they occupy an economic niche between carbon and low-alloy
steels, which have to be used with corrosion inhibitors, and the more expen-
sive and highly alloyed duplex stainless steels.

Applications for these steels are still being evaluated and some problems
relating to hydrogen cracking still have to be resolved. Nevertheless, it is
expected that they will be more widely exploited in the future as a greater
range of product forms become available.
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C–7

Extra low-carbon, 29% chromium, 4% molybdenum
superferritic stainless steel
Also known generically as superferritics

Description

These steels are based upon type 446 (C–3) as a starting point with typically
29% chromium and up to about 4% molybdenum. Carbon is controlled to
very low levels, typically 0.02% or less and they have titanium and/or
niobium to a combined level of about 0.6%. These steels are fully ferritic, but
because of the very low carbon content and the titanium additions, grain
growth and consequent embrittlement is reduced but not eliminated. A
typical composition is:

C Mn Si S P Cr Mo Ti + Nb

Weight % 0.02 0.5 0.35 <0.01 <0.02 29 4 0.6

The steels are normally supplied in accordance within one of the 
following specifications:

UNS EN Proprietary alloy

S44735 1.4592 Allegheny Ludlum AL 29-4C®

These steels are always supplied in the fully softened condition.

Background

Somewhat like superduplex, superaustenitic and supermartensitic stainless
steels, superferritics represent fairly recent developments to significantly
improve the aqueous corrosion resistance of existing standard alloys. In all
cases, part of the improvement has depended on changes in alloy steel-
making technology to give very low-carbon contents. Alloy AL 29-4C was
developed in the early 1980s for welded condenser tubing to be used in sea-
water and brackish water by the power generation industry and is consid-
ered, because of the absence of nickel, to be cost competitive with higher
alloys of similar performance.



Performance

These steels were designed for their corrosion resistance in aqueous media
and show excellent resistance to pitting and crevice corrosion by chloride
ions. In addition, the ferritic microstructure provides effective immunity to
chloride-induced SCC.

The PRE value for these steels is typically about 40, which makes them
comparable with many superduplex and superaustenitic alloys.

However, unlike the other alloys, they are not readily weldable in thicker
sections because HAZ grain growth, serious embrittlement and a conse-
quent reduction in toughness would limit their use for safety-critical, lower-
temperature applications.

Applications

For the reasons given above, supply of the superferritics is restricted to thin
sheet and strip up to a maximum thickness of about 2 or 3 mm. The most
common applications include welded tubing for heat exchangers and con-
densers, of which many thousands of kilometres have been supplied. The
alloys are increasingly being used in gas-fired heating and ventilation
systems, particularly in hot ducts and flues. Most modern high-efficiency
gas-fired systems experience dew point cooling during normal operation;
these condensates are contaminated by minor impurities in the gas and the
burner air, which give rise to acid conditions with sulphur and chlorides
present. Superferritics have proved to be highly successful in combating
these corrosion problems.
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