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A. INTRODUCTION

Martensitic stainless steels are iron-chromium alloys with > 10.5% chromium and that can be
hardened by suitable cooling to room temperature following a high temperature heat treatment.
Although the martensitic stainless steels were invented at about the same time as the ferritic and
austenitic stainless steels [1], the mechanical properties of this class of stainless steels have been
generally more important than their corrosion resistance. Consequently, the corrosion resistant
properties of these alloys have been less well developed than have the other types of stainless steel.
This is a result of the need to restrict their chromium contents to relatively low levels and their often
high carbon contents, which together inherently limit corrosion resistance of martensitic stainless
steels in comparison with other stainless steels. However, the martensitic stainless steels are
hardenable and exhibit high strengths and hardnesses while offering relatively low cost.

The distinction between martensitic stainless steels and other alloys is not sharp. Several nomi-
nally ferritic stainless steels, such as AISI 430 stainless steel (UNS S43000) or the 3CR12 alloy
(UNS S41003), can be partially martensitic. Conversely, low-carbon versions of martensitic stainless
steel alloys like AISI 41OS (UNS S41008) and 416 (UNS S41603) may be substantially ferritic.
Lower chromium alloy content alloy steels, like the AISI 500 series heat resistant steels, also share
many of the characteristics of the martensitic stainless steels. Some tool steel alloys are also quite
similar to the higher carbon martensitic stainless steels, and some martensitic stainless steels,
especially AISI 420, are used as tool (mold) steels.

B. STANDARD ALLOYS

Type 410 stainless steel is the prototypical martensitic stainless steel. The standard types of
martensitic stainless steels include:

AISI Grade

410

403

414

UNS [2]

S41000

S40300

S41400

Description

The basic martensitic stainless steel

Silicon reduced ( ~ 0.5%) to improve mechanical properties

Nickel ( ~ 2%) added to improve mechanical properties
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AISI Grade

415

416

420

42OF

42OFSe

431

44OA

44OB

44OC

44OF

44OFSe

UNS [2]

S41500

S41600

S42000

S42020

S42023

S43100

S44002

S44003

S44004

S44020

S44023

Description

Carbon decreased and nickel ( ~ 4%) added to improve corrosion
resistance

Sulfur (0.15-0.30%) added to improve machinability

Higher carbon allows higher hardness for knife blades, etc.

Sulfur (0.15% minimum) added to improve machinability

Selenium (0.15% minimum) added to improve machinability

Higher chromium plus nickel improve corrosion resistance

Higher carbon increases hardenability with increased Cr to help
maintain corrosion resistance. Used for cutting blades and
bearings

Still higher carbon for still higher hardness

The highest carbon and the highest hardness; primary carbides
promote wear resistance

Sulfur (0.10-0.35%) added to improve machinability

Selenium (0.15% minimum) added to improve machinability

In addition to the standard grades, there are many less-standard or proprietary versions of the
martensitic stainless steels. A few are listed in the table below.

TVpe

425

425 Mod

UNS

S42500

S42400

Description

Lower carbon and higher chromium plus nickel improve corrosion resistance

Higher carbon allows higher hardness, molybdenum added to improve
corrosion resistance

Lower carbon and higher nickel plus some molybdenum improve corrosion
resistance

There are also standard grades of cast martensitic stainless steels. These include

ACI aiype
CA- 15

CA- 15M

CA-40

CA-40F

CB-6NM

CB-6NM

CA-28MVW

CB-TCu-I

CB-7Cu-2

UNS

J91150

J91151

J91153

J91154

J91650

J91540

J91422

J92180

J92110

Similar Wrought Grade

410

410Mo

420

42OF

422

630

629

a Steel Founders' Society of America, Harrington, IL.



The general compositions (percentages by weight, maximum or range)* of these alloys are

UNS

S40300
S41000
S41400
S41500
S41600
841800°
S42000
S42020
S42023
S42200

S42400
S42500

S43100
S44002
S44003
S44004
S44020
S44023
J91150
J91151
J91153
J91154
J91650
J91540
J91422

J92180

J92110

Type

403
410
414
415
416
418
420

42OF
42OFSe

422

424
425

425 Mod
431

44OA
44OB
44OC
44OF

44OFSe
CA- 15

CA-15M
CA-40
CA-40F
CA-6N

CA-6NM
CA-28MVW

CB -7Cu-I

CB-7Cu-2

C

0.15
0.15
0.15
0.05
0.15

0.15-0.20
0.15 min.
0.15 min.
0.30-0.40
0.20-0.25

0.06
0.08-0.20
0.50-0.55

0.20
0.60-0.75
0.75-0.95
0.95-1.20
0.95-1.20
0.95-1.20

0.15
0.15

0.20-0.40
0.20-0.40

0.06
0.06

0.20-0.28

0.07

0.07

Mn

1.00
1.00
1.00

0.50-1.00
1.25
0.50
1.00
1.25
1.25
1.00

0.50-1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.25
1.25
1.00
1.00
1.00
1.00
0.50
1.00

0.50-1.00

0.70

0.70

S

0.030
0.030
0.030
0.030

0.15-0.30
0.030
0.030

0.15 min.
0.06
0.030

0.030
0.010
0.030
0.030
0.030
0.030
0.030

0.10-0.35
0.030
0.040
0.040
0.040

0.20-0.40
0.020
0.030
0.030

0.030

0.030

Si

0.50
1.00
1.00
0.60
1.00
0.50
1.00
1.00
1.00
0.75

0.30-0.60
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.50
0.65
1.50
1.50
1.00
1.00
1.00

1.00

1.00

Cr

11.50-13.50
11.50-13.50
11.50-13.50
11.50-14.00
12.00-14.00
12.00-14.00
12.00-14.00
12.00-14.00
12.00-14.00
11.00-13.50

12.00-14.00
14.00-16.00
13.00-14.00
15.00-17.00
16.00-18.00
16.00-18.00
16.00-18.00
16.00-18.00
16.00-18.00
11.50-14.00
11.50-14.00
11.50-14.00
11.50-14.00
10.50-12.50
11.50-14.00
11.00-12.50

15.50-17.70

14.00-15.50

Mo

0.50-1.00

0.60
0.60

0.75-1.25

0.30-0.70
0.30-0.70
0.80-1.20

0.75
0.75
0.75

0.40-0.60
0.60
0.50

0.15-1.00
0.50
0.50

0.40-1.00
0.90-1.25

Ni

1.25-2.50
3.50-5.50

1.80-2.20

0.50-1.00

3.50-4.50
1.00-2.00

0.50
1.25-2.50

0.75
0.75
1.00
1.00
1.00
1.00

6.00-8.00
3.50-4.50
0.50-1.00

3.60-4.60

4.20-5.50

Other

2.50-3.50 W

0.15 Se min.
0.75-1.25 W,
0.15-0.30 V

0.15 Se min.

0.90-1.25 W,
0.20-0.30 V

2.50-3.20 Cu,
0.15-0.35 Nb,

0.05 N
2.50-3.20 Cu,
0.15-0.35 Nb,

0.05 N

a S41800 is only one of the so-called "Super 12% Cr" alloys [3] used for elevated temperature applications. Others include S41025, S41040,
S42300, and AFC-77 alloys.

C. PHYSICAL METALLURGY**

In order for an alloy to be a martensitic stainless steel, it must be an iron-based material that contains
at least 10.5% (by weight) of chromium (from the definition of a stainless steel), and it must be
capable of being substantially transformed through heat treatment to the hard, metastable phase
called martensite. For this transformation to occur, the alloy must first be transformed by thermal
treatment to the stable high temperature austenite phase (often designated gamma, y). The
temperature range in which austenite can form depends on the amount of chromium present in iron-
chromium alloys. Between 1 1 and ~ 12% chromium, binary Fe-Cr alloys go from being capable of
forming 100% austenite to being fully ferritic*** and incapable of forming any austenite [8]. Other
elements, notably carbon and nickel, enlarge the so-called gamma loop enabling austenite to be

* These are general descriptions only, and the reader should consult the applicable specification for the exact composition limits
for the alloy of interest.
**For details on the physical metallurgy of the martensitic stainless steels see [4-7].
*** The ferritic phase is usually designated as 8-(delta) ferrite.



produced in higher chromium steels, but this phenomenon places an upper limit on the chromium
content of an austenitic stainless steel of given carbon and nickel content. Once a steel has been
austenitized, it is usually transformed to martensite by rapid cooling. However, the high alloy content
of martensitic stainless steels gives them great hardenability so that the requirement for rapid cooling
can often be satisfied by air cooling; therefore, water quenching is not required.

The influence of chromium, nickel, and especially carbon in depressing the martensite start
temperature (M8) also limits the total alloying element content that can be accommodated in a
martensitic stainless steel. The formation of "primary" carbides, which cannot be dissolved during
high-temperature heat treatment and that may be undesirable in some applications, may further
restrict the maximum carbon content. Other elements are added for specific purposes. Sulfur or
selenium are added to improve machinability (usually at the expense of corrosion resistance in some
environments). Molybdenum or tungsten are added to increase resistance to tempering or to improve
corrosion resistance.

Although low-carbon martensite can exhibit reasonable ductility and toughness, most freshly
formed martensite (with higher carbon) is too hard and brittle for use. Therefore, most of the
martensitic stainless steels are usually given the secondary heat treatment called tempering. The
effect of tempering is controlled by the tempering temperature and time. The effects of tempering
temperature on a type 420 stainless steel are shown in Figure 1.

The formation of austenite and its subsequent transformation to martensite have a profound grain
refining effect. This can substantially improve the toughness of the martensitic stainless, especially
in heavy sections. Multiple heat treatment cycles have been used in some cases to greatly improve
toughness. These reactions also involve some volumetric change, which can lead to small
dimensional changes and to distortion, especially in thin sheet products. For such reasons,
martensitic stainless steels tend to be used more often as bar or plate products, and less often as sheet
or strip products, than the ferritic stainless steels.

D. PRECIPITATION HARDENING STAINLESS STEELS

To retain the strength of the martensitic stainless steels while increasing their corrosion resistance,
many precipitation hardening stainless steels have been developed. These alloys all* derive their
strength from the precipitation of a hardening phase within a transformed martensitic matrix. For this
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lu

e

Tensile Strength,
MPa

Yield Strength,
MPa

Corrosion Rate,
mg/m2/d

Izod Impact, J x 10

Tempering Temperature, 0C

FIGURE 1. Effect of tempering (1 h) on the properties of AISI 420 (0.22% C) martensitic stainless steel [9].
Corrosion test run in 3% NaCl at 2O0C.

* Except for A286 stainless steel, UNS S66286, in which Ni3(Ti5Al) phase is precipitated within stable austenite.



reason, some of these alloys are also called Mar-Aging stainless steels. Because this hardening
precipitate is not carbon based, chromium depletion and loss of corrosion resistance is less of a
problem. Precipitation hardening stainless steels are generally classified as martensitic, meaning that
they are always maitensitic at room temperature, or Semiaustenitic, meaning that they are usually
austenitic and do not become maitensitic until suitable heat treatments are applied. Representative
precipitation hardening stainless steels include the following:

Name

PH 13-8 Mo

15-5 PH

17-4 PH

17-7 PH

PH 15-7 Mo

AM350

AM355

Custom 450

Custom 455

AISI Grade

XMM3

629

630

631

632

633

634

XM-25

XM-16

UNS

S13800

S15500

S 17400

S 17700

S15700

S35000

S35500

S45000

S45500

Type

Martensitic

Maitensitic

Martensitic

Semiaustenitic

Semiaustenitic

Semiaustenitic

Semiaustenitic

Martensitic

Maitensitic

0ASTM designation.

The AISI (or ASTM) grade numbers shown above are rarely used and these alloys are typically
described by their historical "names," but it should be noted that all of the above names are
trademarks. Each of the above trademarks belongs exclusively to one of the various producers. The
vast majority of the precipitation hardening stainless steels were patented, but many of these patents
have now expired. For most of these alloys, producers other than the original patent or trademark
owner make these alloys and sell them as generic products or under their own (less known) trade
names.

The general compositions (percentages by weight, maximum or range) of these alloys are shown
in the following table:

UNS

S 13800

S15500

S15700

S17400

S17700

S35000

S35500

S45000

S45500

Name

PH 13-8 Mo

15-5 PH

PH 15-7 Mo

17-4 PH

17-7 PH

AM350

AM355

Custom 450

Custom 455

C

0.05

0.07

0.09

0.07

0.09

0.07-0.11

0.10-0.15

0.05

0.05

Mn

0.20

1.00

1.00

1.00

1.00

0.50-1.25

0.50-1.25

1.00

0.50

Si

0.10

1.00

1.00

1.00

1.00

0.50

0.50

1.00

0.50

Cr

12.25-13.25

14.0-15.5

14.00-16.00

15.50-17.50

16.00-18.00

16.0-17.0

15.0-16.0

14.00-16.00

11.00-12.50

Mo

2.0-2.5

2.0-3.0

2.5-3.25

2.5-3.25

0.5-1.0

0.5

Ni

7.5-8.5

3.5-5.5

6.5-7,75

3.0-5.0

6.5-7.75

4.0-5.0

4.0-5.0

5.0-7.0

7.5-9.5

Other

0.90-1.35 Al

2.5-4.5 Cu,
0.15-0.45Nb

0.75-1.5 Al

3.0-5.0 Cu,
0.15-0.45Nb

0.75-1.5 Al

0.07-0.13 N

0.07-0.13 N

1.25-1.75Cu,
0.10-0.5 Nb

1.25-2.5 Cu,
0.80-1.4 Ti,
0.10-0.5 Nb



Heat treatment for the precipitation hardening stainless steels varies depending on the alloy and on
the properties desired. For the martensitic precipitation hardening alloys, heat treatment usually
comprises three steps:

Austenitizing at high temperature.
Rapid cooling to room temperature or below.
Tempering plus precipitation hardening.

Since 17-4 PH alloy is the prototype of this alloy family, it will be used as an example.
Austenitizing is performed at 104O0C (190O0F). The alloy is then cooled to below 320C (9O0F) and
held for 2 h. Tempering is then performed for 1 -4 h at temperatures ranging from 480 to 62O0C (900
to 115O0F). During this tempering process, in addition to stresses being relieved, minute copper-
containing particles are precipitated within the martensite, hardening the alloy. The final heat treated
condition is designated "Hxxxx" where xxxx refers to the (Fahrenheit) temperature of tempering.
Common heat treatment conditions for 17-4 PH alloy include H900, H1025, H1075, and Hl 150.
The 17-4 PH alloy should not be used in the solution treated condition because in this condition it
has low ductility and low resistance to stress corrosion cracking (SCC).

Heat treatments of the semiaustenitic precipitation hardening stainless steels are more numerous
and more varied, but all conform to a common scheme:

Solution annealing.
Austenite destabilization.
Martensite formation.
Tempering plus precipitation hardening.

The 17-7 PH alloy will be used as an example of the various heat treatment schemes. Since
material usually is shipped in the solution annealed condition, that step may sometimes be skipped
during final heat treatment.

The first heat treatment to be described is the "RH" (for refrigeration) type heat treatment.
Austenite destabilization is accomplished by a "trigger anneal" of 10-min exposure at 9550C
(175O0F). This treatment precipitates a small but significant amount of chromium carbide, depleting
the austenitic matrix of these two elements, and thus raising the martensite start (M8) temperature.
The metal is then cooled to -730C (-10O0F) and held for 8 h to transform it to martensite. Finally,
the transformed material is tempered. During this tempering process, a strengthening precipitate of
Ni(Al5Ti) is precipitated within the martensite, strengthening it. A typical tempering temperature is
51O0C (95O0F) for 1 h, which completes the RH950 heat treatment.

An alternative heat treatment is the "TH" type heat treatment. In this heat treatment, greater
austenite destabilization is accomplished by 90-min exposure at 76O0C (145O0F). This treatment
precipitates a greater amount of chromium carbide than the trigger anneal of the RH treatment.
This causes a greater decrease in the carbon and chromium content in the austenitic matrix and thus
a greater increase in the M8 temperature. Cooling to only 130C (550F) and holding for 30min
becomes sufficient to obtain substantial transformation of the austenite to martensite. Finally,
the transformed material is tempered. Tempering at 5650C (105O0F) for 90min finishes the
TH1050 heat treatment.

The marginal stability of the austenite in the semiaustenitic stainless steels also allows their
martensitic transformation by way of deformation instead of heat treatment. The CH900 treatment is
an example. Cold reducing these alloys ~ 50% causes substantial transformation to martensite.
Tempering at a low temperature with concurrent precipitation completes this process. Tempering for
1 h at the rather low temperature of 4820C (90O0F) completes the CH900 treatment, which produces
the highest strength.



The differences among the RH, TH, and CH heat treatments have important influences upon the
properties of these alloys. The 9550C (175O0F) trigger anneal of the RH heat treatment produces a
slight degree of intergranular chromium depletion that slightly sensitizes the material. However, this
effect is limited by relatively large values of the solubility product of chromium times carbon and the
high rate of diffusion at this temperature. The lower 76O0C (140O0F) temperature of the TH heat
treatment produces greater Cr depletion and allows for less diffusional healing to occur. The lack of a
carbide precipitation step in the CH process prevents this type of sensitization. As a general
statement, in many corrosion situations, for a given alloy, the CH condition exhibits the greatest
corrosion resistance, followed by the RH conditions, with the TH heat treated materials exhibiting
the lowest corrosion resistance.

E. CORROSION RESISTANCE

The martensitic stainless steels generally exhibit adequate resistance to mild atmospheric corrosion,
potable water, and mild chemical environments. Their resistance to chlorides is usually sufficient
for short-term contact during use provided that they are cleaned after exposure. They are typically
not suitable for continuous immersion in seawater, brackish water or aerated brines, or exposure to
marine atmospheres (nor are many of the standard austenitic or ferritic stainless steels). The
performance of any given martensitic stainless steel in any given environment may depend on the
exact composition of the alloy within the broad range permitted for the alloy, its heat treatment, and
its surface finish. For optimum corrosion resistance, martensitic stainless steels should be hardened
and tempered. The best corrosion resistance is usually obtained by tempering below 4250C (80O0F).
Tempering at about 425 to 54O0C (800 to 100O0F) can lead to increased susceptibility to SCC or
hydrogen embrittlement. While tempering >540°C (100O0F) somewhat improves the corrosion
resistance (compared with tempering at 425-54O0C, 800-100O0F), it generally produces corrosion
resistance inferior to that produced by tempering at <425°C (80O0F).

A brief discussion of corrosion resistance to specific media follows.

1. Water

Most of the martensitic stainless steels are resistant to fresh (potable) water. For high-purity water,
this resistance extends to high temperatures. Ozaki and Ishikawa [10] examined the SCC behavior of
cast 13% Cr martensitic stainless steels in high-purity water ( = 1 S/cm) at 2880C (55O0F) with
8ppm dissolved oxygen content. Variations in carbon and nickel contents and in tempering
temperatures were examined. They found that the Ni-containing alloys (3.5-5% Ni) had greater
susceptibility to intergranular corrosion and intergranular SCC (IGSCC) than alloys with lower
Ni-content. Hydrogen embrittlement (HE) cracking susceptibility was controlled by the tempering
temperature (and resulting strength of the steel) and not by composition within the range studied.
Steels with 13% Cr and either Ni = 4% and C = 0.08% or Ni = 2.5% and C = 0.17% when tempered
at high temperature (~650°C; ~ 1200°F) were immune to SCC in high temperature, high purity
water.

The resistance of the martensitic stainless steels in brackish water, seawater, or aerated brines is
more limited. Their resistance to chloride solutions is usually sufficient for short-term contact during
use provided that they are cleaned after exposure. They are typically not suitable for continuous
immersion in slowly flowing seawater, brackish water, or aerated brines. Corrosion under biofouling
deposits should be expected to occur. Type 410 stainless steel was completely perforated through the
6.6-rnm specimen thickness after 1 year exposure to tropical seawater in the Pacific Ocean near the
Panama Canal [U]. Exposure of type 410 stainless steel in deep seawater sites (715 and 1615 m) also
produced significant (up to 15 mils-0.4mm) crevice attack [12]. The martensitic stainless steels are
highly resistant, however, to flow erosion and erosion-corrosion. In situations where rapid flow is
the rule, such as boat propellers, propeller shafts, and pump impellers; good performance has been



experienced and such products are commercially available. A reasonably large experience base has
been developed for 17-4 PH alloy in seawater. For example, when 17-4 PH alloy is aged at
temperatures of 55O0C (10250F) or above, and used in high velocity seawater, corrosion is usually
avoided. In slowly flowing or stagnant seawater, cathodic protection must be used to prevent pitting
and crevice corrosion of the 17-4 PH alloy.

2. Acid Solutions

The following data compare AISI 409 and 430 annealed ferritic stainless steels with some hardened
martensitic stainless steels that were tempered at 2040C (40O0F) [14]:

5% Solution
at 490C
(12O0F)

Acetic acid
Phosphoric acid

pH5 Solution
at 240C
(750F)

lOOppmCr

Corrosion Rate (mm/year)

Type 409

0.022
0.002

Type 410

0.002
0.002

Type 420

0.028
0.002

Type 425
Mod

0.122
0.015

Type 44OA

0.059
0.009

Type 430

0.001
0.001

Pitting Potential (V vs. SCE) in Sodium Chloride

Type 409

0.439

Type 410

0.502

Type 420

0.581

Type 425
Mod

0.619

Type 44OA

0.598

Type 430

0.590

3. Petroleum Production and Refining

Some of the martensitic stainless steels have been long used in oil or natural gas production and in oil
refining. Use of metallic materials for oil production applications is regulated in many locales by the
NACE International Standard MRO1-75 [15]. The concern in this case is the potential for HE
cracking (also referred to as sulfide stress cracking) in aqueous service environments containing
dissolved H2S (a common impurity in these applications). The UNS S41000, CA-15, or CA-15M
alloy is approved for use by this standard if it is double tempered at 62O0C (114O0F) (min) and its
hardness is 22 HRC or less. The UNS S42400 or CA-6NM alloy is approved for use by this standard
if it is double tempered at ~660°C and ~600°C (1220 and 11120F) and its hardness is 23 HRC or
less. The UNS S17400 alloy is approved for use by this standard if it is double tempered at 62O0C
(11480F) and its hardness is 33 HRC or less. The UNS S45000 alloy is approved for use by this
standard if it has been precipitation hardened at 62O0C (11480F) (4 h min) and its hardness is 31 HRC
or less. The UNS S66286 alloy is approved for use by this standard if its hardness is 35 HRC or less.
As noted in this standard, these materials "have provided satisfactory field service in some sour
environments. These materials may, however, exhibit threshold stress levels for sulfide stress
cracking in NACE Standard TMO177 that are lower than those of other materials included in this
standard/' Many martensitic stainless steels are listed as being acceptable for use as well casing or
tubing under certain limits of H2S and chloride concentration, pH and service temperature that may
vary with chemical composition and metallurgical processing of the material. These include API
5CT Grade L-80, API 5CT Grade C-90 Type 1, API 5CT Grade T-95 Type 1 (all restricted
composition versions of Type 420 with 13% Cr), and UNS S42500 alloys. The reader should consult
the latest edition of this standard for current information. The CB-7Cu-l grade in the "Hl 150



DBL" condition is listed as being acceptable for use in internal valve components when its hardness
is 310 HB (30 HRC) maximum.

4. Atmospheric Corrosion

In general, all stainless steels, even the martensitic stainless steels, exhibit good or excellent
resistance to atmospheric corrosion. The increased corrosiveness of marine atmospheres does,
however, exhibit significant differences. Type 410 martensitic stainless steel exhibited rusting after a
few months exposure to a severe tropical marine atmosphere in the Panama Canal Zone. While
weight loss was low, corresponding to an average 0.2-|xm/year penetration rate, 0.125-mm deep pits
were observed after 8-years exposure [U].

The high strengths attainable with the martensitic and precipitation hardenable stainless steels
greatly increase their susceptibility to SCC, particularly in the presence of chloride ions. For 12% Cr
martensitic stainless steels stressed to 75% of their yield strengths in a marine atmosphere, stress
corrosion failures were observed in material with strengths above ~ 1030 MPa (^ 150 ksi) [16].
Lower strength material similarly tested did not fail in over 4-years exposure. Tempering between
340 and 54O0C (650 and 100O0F) renders these alloys quite sensitive to SCC in marine atmospheres.
Tempering below 34O0C (65O0F) is somewhat better, but for maximum resistance to this problem,
tempering >540°C (100O0F) should be employed [16].

The martensitic precipitation hardening alloys, as represented by 17-4 PH alloy, are more
resistant to SCC than the standard martensitic stainless steels and exhibit a threshold yield strength
for SCC in marine atmospheres of above 1240 MPa (180 ksi) [1O]. This means that 17-4 PH material
aged at or above 54O0C (100O0F) is essentially immune to this problem while aging at 48O0C (90O0F)
renders it susceptible to cracking in marine atmospheres. Tests of more than 6.6 years produced no
failures of specimens aged at 55O0C (10250F) and stressed at 140 ksi or of specimens aged at 62O0C
(115O0F) and stressed at 105 ksi [17]. Other marine exposures (i.e., in the 25-m lot at Kure Beach)
produced failures in 20-322 days, but only for 17-4 PH material aged at 48O0C (90O0F) [18].
Welding generally increased susceptibility to SCC as evidenced by reduced times to failure.

The semiaustenitic precipitation hardening stainless steels are also susceptible to cracking in
marine atmospheres. Exposures of several of these alloys in the 25- and 250-m lots at Kure Beach
produced failures in as little as one day, but other samples survived uncracked for test durations of up to
1100 days [11,12]. Materials tested included 17-7 PH, PH15-7 Mo, PH13-8 Mo, and AM355 alloys.

5. Other Media

The resistance of many alloys to a variety of media is summarized in Corrosion Resistance Tables
[19], Corrosion Data Survey [20], and Handbook of Corrosion Data [21]. The Corrosion Resistance
Tables give data on 17-4 PH alloy and on "Type 400 Series" stainless steels, which might include
some of the martensitic stainless steels, but more probably refers to Type 430 ferritic stainless steel.
The Corrosion Data Survey reports information for "12 Cr" stainless steel, but notes that this might
be Type 405 ferritic stainless steel or Type 410 martensitic stainless steel. The Handbook of
Corrosion Data [21] has extensive listings for Type 410 stainless steel, but information on its heat
treatment state is absent from the summaries.

F. OXIDATION/TEMPERATURE RESISTANCE

The chromium content of the martensitic stainless steels gives them good oxidation resistance. They
generally offer sufficient oxidation resistance to allow their use to temperatures up to ~ 70O0C
(~ 1300°F). However, tempering of the martensitic structures and consequent loss of strength
usually limits the application of these alloys to lower temperatures.



G. TYPICAL APPLICATIONS

Typical uses for the martensitic stainless steels include the following:

Cutlery

Surgical instruments

Blades, and so on, in turbine engines

Bearings

Aerospace equipment

Petroleum production and refining

Firearms

Valves and stems

Food processing equipment
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