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A. INTRODUCTION

This chapter is concerned with the resistance to aqueous and gaseous corrosion of the
chromium-bearing cobalt alloys. These alloys are important because they provide a unique blend
of properties, including high strength at elevated temperatures, and resistance to many forms of
wear. With regard to aqueous corrosion resistance, some of the cobalt alloys are superior to the
stainless steels.

The chromium-bearing cobalt alloys have been divided into three distinct groups in this chapter,
according to their intended uses, as follows:

1. Alloys designed purely for wear resistance.
2. Alloys designed for high-temperature use.
3. Alloys designed for aqueous corrosion and wear resistance.

All these materials stem from the pioneering work of Elwood Haynes early in the twentieth
century. It was he who discovered the corrosion and wear benefits of adding chromium to cobalt
(U.S. Patent No. 873,745), and who found that molybdenum and tungsten were outstanding
strengthening agents in the cobalt-chromium alloy system (U.S. Patent 1,057,423).

The early alloys were used in cast form, or were applied by welding to steel substrates (a
technique known as weld overlay, or, in the case of the hard alloys, hardfacing). Most of the modern
chromium-bearing cobalt alloys designed for wear resistance are also used in the form of castings
and weld overlays (wrought processing of most alloys is impractical, given their high temperature
strengths and their lack of ductility).

Those alloys designed for high-temperature use, and those designed to resist both aqueous
corrosion and wear, on the other hand, are much more ductile and can be forged and rolled into
wrought products (sheets, plates, etc.).

Industrial applications of the alloys designed for wear resistance include valve and pump
components for the chemical process industries, automotive exhaust valves, and hot working tools
for the steel industry. The high-temperature alloys are used, in sheet form, for flying gas turbine
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combustors and afterburners. Those alloys designed to resist both aqueous corrosion and wear are
used for applications as diverse as biomedical implants, chemical spray nozzles, and
electrogalvanizing rolls (in the steel finishing industry).

B. ALLOYS DESIGNED FOR WEAR RESISTANCE

1. History

Haynes discovered the inherent corrosion resistance and wear resistance of the cobalt-chromium
binary alloys, and later the enhanced wear resistance of the cobalt-chromium-molybdenum and
cobalt-chromium-tungsten alloys, while he was searching for a new spark-plug material. These
alloys were found to be hard (even at elevated temperatures), abrasion resistant, and excellent lathe
tool materials (their first major application).

One reason for the outstanding abrasion resistance of his alloys was that they contained signi-
ficant quantities of carbon, as an impurity. As a result, carbides of chromium, molybdenum, and
tungsten formed in the alloy microstructures. As melting techniques improved, controlled levels of
carbon were used in the alloys, to promote the formation of carbides.

The extent of the wear resistance of the cobalt alloys did not become known until many years
later, and was not explained until the 1960s and 1970s, when wear became a science (tribology). It
was only when the role of microfatigue in wear was established, and the unique atomic structure
changes in cobalt and its alloys were understood, that a full appreciation of the attributes of the cobalt
alloys was gained.

2. Metallurgy

Pure cobalt exists in two atomic forms. At temperatures up to 4170C, cobalt exhibits a hexagonal
close packed (hep) structure, and, at temperatures above 4170C, the structure is face centered
cubic (fee). Alloying elements such as nickel, iron, and carbon (within its soluble range) suppress
the transformation temperature, and are known as fee stabilizers. Chromium, molybdenum, and
tungsten, on the other hand, increase the transformation temperature, and are known as hep
stabilizers. Alloys of cobalt, containing both fee and hep stabilizers, thus have transformation
temperatures that are a complex function of the contents of these elements.

The transformation from fee to hep in cobalt and its alloys is very sluggish, and does not occur
spontaneously upon cooling these materials from high temperatures. Thus castings that have been
cooled from the molten state, and wrought products that have been cooled after solution annealing,
typically exist in a metastable fee form, even if their transformation temperatures are much higher
than room temperature. However, partial transformation is easily induced at room temperature by
applying mechanical stress. The transformation mechanism during cold work is believed to involve
the creation and coalescence of wide stacking faults.

In addition to possessing low-stacking fault energies, which result in stacking fault coalescence
and the formation of hep platelets, metastable fee cobalt alloys also exhibit mechanical twinning,
during cold work. These two phenomena result in very high work hardening rates, and, more
importantly from a wear standpoint, accommodate stresses.

With regard to cobalt alloys designed for wear resistance, several compositions are listed in
Table 1. The STELLITE® materials referred to in this table are the direct descendants of the early
Elwood Haynes alloys, and contain significant levels of carbon, to encourage the formation of
carbides in the microstructure during alloy solidification. The two other main alloying elements in
the standard STELLITE alloys are chromium and tungsten. Depending on the levels of chromium,
tungsten, and carbon, different amounts and different types of carbide form in these alloys. For
example, STELLITE 6 alloy (1.1 wt.% carbon) contains ~13 wt.% carbides, and these are of the
chromium-rich M7C3 type, whereas STELLITE 3, which has the same carbon content as STELLITE



TABLE 1. Nominal Compositions of Wear-Resistant Cobalt Alloys

STELLITE 1
STELLITE 6
HAYNES 6B
STELLITE 12
TRIBALOY T-800

Co

Balance
Balance

Balance
Balance

Cr

31
29

30
17.5

W

12
4.5

8

Mo

28.5

C

2.4
1.1

1.4

Ni

3 max
3 max

3 max
3 max
(Ni + Fe)

Fe

3 max
3 max

3 max
3 max
(Ni + Fe)

Si

1 max
2 max

1 max
3.4

1 (2.4wt.%), contains ~29wt.% carbides, and these are a mixture of chromium-rich M7C3 and
tungsten-rich M6C types [I].

These carbides provide resistance to low-stress abrasion and provide high hardness levels
(important if initial deformation resistance is an issue). On the other hand, higher carbide levels are
associated with reduced ductilities, and lower corrosion resistance, since, in forming the carbides,
carbon ties up a portion of the chromium in the alloy.

Further references to the STELLITE alloys in this section relate to the standard cobalt-
chromium-tungsten-carbon materials, such as alloys 1, 6, 6B, and 12. Non-standard, cobalt-
bearing materials, designed either for wear resistance or for other purposes, are also sold under the
STELLITE trademark.

The other alloy in Table 1, namely, TRIB ALOY® T-800, is one of a group of materials developed
by Du Pont in the 1970s. Instead of relying on the formation of carbides in the microstructure,
relatively high molybdenum and silicon contents were used, to create precipitates of Laves phase (a
hard intermetallic compound). A benefit of this approach is enhanced resistance to acids, under
active corrosion conditions, since molybdenum ennobles cobalt, and the intermetallic itself has good
corrosion resistance. However, the TRIBALOY materials contain large amounts of Laves phase, and
are thus fairly brittle. Attempts to use them in cast and weld overlay form have met with little success
because of their brittleness; however, they have been quite successful as thermal spray deposits, as
applied by plasma guns.

3. Wear Behavior

There are three main categories of wear, and several subcategories, as follows:

ABRASION

Low-stress abrasion

High-stress abrasion

EROSION

Solid particle impingement erosion

Liquid droplet impingement erosion

Cavitation erosion

Slurry erosion

METAL-TO-METAL

Galling

Cyclic sliding

Fretting

Explanations of these wear processes are given in [2]. In essence, they involve either gross
deformation and fracture, microfatigue, or wastage due to the continual stripping of surface films.



For those processes involving gross deformation and fracture, such as low-stress abrasion, a
network of hard precipitates (e.g., carbides) in the microstructure is advantageous. If the size of the
abrading particles is much larger than the size of the microstructural precipitates, then the precipi-
tates can act as outcrops, over which the abrading particles ride. In this case, a high fraction of
precipitates in the microstructure is desirable. Often, the need for a high fraction (wt.%) of
precipitates must be tempered by the need for ductility in castings or weld overlays.

For those processes involving microfatigue, such as liquid droplet impingement erosion,
cavitation erosion, and cyclic sliding, the ability of the cobalt alloys to absorb stress through the
transformation and twinning is very important. Thus, it is the cobalt-rich matrix, and not the
precipitates, that is critical for many wear applications. Also, under conditions conducive to galling,
it is the cobalt-rich matrix that provides resistance to this form of damage, probably due to its atomic
bonding characteristics, and because deformation is restricted to the outer layer, which can easily be
sheared away, preventing fracture of the bulk material.

4. Aqueous Corrosion Behavior

The aqueous corrosion behavior of the standard STELLITE alloys is strongly influenced by the main
alloying elements, namely, chromium, tungsten, and carbon. As in the stainless steels, chromium is
critical to the aqueous corrosion resistance because of its influence on passivation. As already stated,
a significant proportion of the chromium in each of the STELLITE alloys is tied up in the form of
carbides, so the effective chromium content, from an aqueous corrosion standpoint, is much lower
than is evident from the nominal composition.

Tungsten enhances the nobility of cobalt under active corrosion conditions. In this respect, it is
like molybdenum, which is used for the same purpose in the austenitic stainless steels, and in the
corrosion-resistant nickel alloys. Of course, in the STELLITE alloys, tungsten has multiple
functions, since it too can take part in the formation of carbides (if the tungsten and carbon contents
are high enough), and is used as a powerful matrix strengthening agent.

In general, the aqueous corrosion resistance of the STELLITE alloys is an inverse function of
their carbon contents, and the characteristics of alloys such as STELLITE 6 are broadly similar to
those of Type 316 stainless steel. For example, like Type 316 stainless steel, STELLITE 6 is much
more suited to oxidizing acids (such as nitric) than it is to reducing acids (such as hydrochloric).
Also, as will be discussed in detail later, the cobalt alloys are prone to stress corrosion cracking
(SCC) in chloride-bearing environments, although with alloys such as STELLITE 6, which is not
ductile enough to be cold-formed, the opportunities for stressing components are limited.

As indicated in Table 1, a wrought version of the 1.1 wt.% carbon material is also available. This
wrought version (HAYNES® 6B) has higher aqueous corrosion resistance than the cast and weld
overlay version (STELLITE 6), because hot forging and rolling break down the interconnected
carbides into discrete particles. The wrought version also has higher ductility, for the same reason.

Aqueous corrosion data for HAYNES 6B alloy in pure sulfuric, hydrochloric, nitric, and
phosphoric acids are presented in Tables 2-5. Although a corrosion rate of 0.5 mm/year (20 mpy) is

TABLE 2. Corrosion Rates (mm/year) for Haynes 6B
in Sulfuric Acid

Cone., wt.%

2
5

10
20
30
50
77

240C, 750F

<0.1

<0.1
<0.1
<0.1

660C, 15O0F

<0.1

<0.1
>10

4.5

Boiling

0.8
2.3
4
9.1

>10
>10
>10



usually regarded as the maximum for industrial use, applications often require corrosion rates of
< 0.1 mm/year (4 mpy). From Table 2, therefore, it may be concluded that HAYNES 6B is safe to use
at room temperature in all concentrations of sulfuric acid, but that the alloy is suitable for only dilute
solutions at high temperatures.

The aggressiveness of hydrochloric acid is apparent from Table 3, which infers that HAYNES 6B
alloy is only useful in this acid at very low concentrations, even at room temperature. In nitric acid
(Table 4), HAYNES 6B alloy appears safe for use up to the boiling point, at concentrations of
30 wt.% or less, and presumably in higher concentrations at lower temperatures. Finally, Table 5
infers that HAYNES 6B is very resistant to pure phosphoric acid, and can be used in boiling solutions
up to a concentration of 70 wt.%.

With regard to the resistance of HAYNES 6B alloy to other media, it is very useful in organic
acids. In the presence of water, however, halogen-bearing organic compounds can break down to
form inorganic halogen acids, such as hydrochloric, and it is as well to be aware of this possibility.

The presence of chlorides in industrial environments can cause localized attack (pitting and
crevice corrosion), and, as already mentioned, stress corrosion cracking (SCC). The resistance to
localized attack of HAYNES 6B alloy is much higher than that of Type 316L stainless steel.

In boiling, 30 wt.% caustic soda (sodium hydroxide), HAYNES 6B alloy exhibits a corrosion rate
of 0.3 mm/year (12 mpy). It is therefore assumed that the alloy is suitable for use in this common
alkali at lower temperatures and concentrations. It is reported that, at high concentrations and
temperatures, caustic stress cracking is a possibility with all the cobalt alloys.

TABLE 3. Corrosion Rates (mm/year) for Haynes 6B in
Hydrochloric Acid

Cone., wt.%

2
5

10
20

240C, 750F

<0.1
1.6
2.7
2.4

660C, 15O0F

<0.1
>10
>10
>10

TABLE 4. Corrosion Rates (mm/year) for Haynes 6B in
Nitric Acid

Cone., wt.%

10
30
50
70

Boiling

<0.1
0.2

>10
>10

TABLE 5. Corrosion Rates (mm/year) for Haynes 6B in
Phosphoric Acid

Cone., wt.%

10
30
50
70
85

Boiling

<0.1
0.1
0.5
0.6

>10



TABLE 6. Nominal Composition of High-Temperature Cobalt Alloys

X-40
(STELLITE 31)
MAR-M 509

HAYNES 25
(L-605)
HAYNES 188

Co

Balance

Balance

Balance

Balance

Cr

25.5

24

20

22

W

7.5

7

15

14

Mo

1 max

C

0.5

0.6

0.1

0.1

Ni

10.5

10

10

22

Fe

2

3 max

3 max

Si

0.4 max

0.35

Others

B-0.01

Ta-3.5
Ti-0.2
Zr-0.5
Mn-1.5

Mn- 1.25 max
B-0.015 max
La-0.03

C. ALLOYS DESIGNED FOR HIGH-TEMPERATURE USE

1. History

The first reported high-temperature applications of the cobalt-chromium alloys were the hardfacing
(weld overlay) of engine valves and hot trimming dies, in the 1920s [3]. However, the event that led
to the evolution of cobalt- chromium high-temperature alloys was the use of VITALLIUM® alloy
for the investment casting of aircraft turbocharger blades, in the late 1930s. This cobalt-chromium-
molybdenum alloy, which was actually designed for aqueous corrosion and wear resistance, and was
in use as a dental and orthopaedic implant material, was found to have the required combination of
high-temperature strength, high-temperature microstructural stability (when the carbon content was
reduced slightly), oxidation resistance, and castability [4].

To increase the thermal stability of VITALLIUM alloy, 2.5 wt.% nickel was added. The resulting
composition was renamed STELLITE 21 or modified VITALLIUM alloy. The use of nickel to
stabilize the high-temperature cobalt alloys was carried further with the development of cast X-40
(STELLITE 31) and wrought HAYNES 25 alloy (L-605) in the 1940s, and of cast MAR-M® 509 and
wrought HAYNES 188 alloy in the 1960s. The X-40, HAYNES 25 alloy, and MAR-M 509 contain
~ 10 wt.% nickel, whereas HAYNES 188 alloy contains 22 wt.% nickel (Table 6).

It is also important that, from the development of X-40 onward, tungsten was preferred over
molybdenum, as the primary solid solution strengthening element in the high-temperature cobalt
alloys, inferring that it is a more effective high-temperature strengthener than molybdenum, on an
atomic percentage basis, which is consistent with its atomic size. Molybdenum, on the other hand,
remained the preferred element for aqueous corrosion resistance, as will be discussed.

2. Metallurgy

The microstructures of the high-temperature cobalt alloys are discussed in detail in [5] and [6]. In the
solution annealed and quenched condition, the wrought materials, HAYNES 25 alloy and HAYNES
188 alloy, exhibit simple microstructures consisting of a sparse dispersion of M6C carbides in a fee
solid solution. In service, within certain high-temperature ranges, they undergo microstructural
changes, the most significant being the precipitation OfM2SC6 at grain boundaries and along stacking
faults, and, in the case of HAYNES 25 alloy, the precipitation of Laves intermetallic phase. The
precipitation of carbides can provide useful increases in strength. The precipitation of Laves phase is
undesirable, since it results in significant loss of ductility.

The cast materials exhibit complicated microstructures. The MAR-M 509, for example, contains
both M2sC6 and MC carbides in the as-cast condition, due to the deliberate addition of active carbide
formers, such as tantalum. These carbides provide considerable strength, even prior to extended
high-temperature service, during which additional, fine, carbide dispersions are created [5].



3. Gaseous Corrosion and Molten Metal Corrosion Behavior

One of the main benefits of the high-temperature cobalt alloys is their resistance to sulfidation (hot
corrosion) in gas turbine engines. This phenomenon, which is believed to involve the dissolution of
the normally protective oxide films by sodium sulfate (created by airborne salts and residual sulfur in
gas turbine fuels), is a problem up to ~980°C (180O0F), above which sodium sulfate volatilizes and
is relatively innocuous.

HAYNES 25 alloy exhibits good resistance to oxidation up to -100O0C. HAYNES 188 alloy
possesses even higher oxidation resistance, by virtue of the lanthanum addition (0.03 wt.%), which
reduces the tendency of protective oxide films to spall away during thermal cycling. HAYNES 188
alloy can be used in high- temperature oxidizing environments to ~ 1150° C.

The cobalt alloys are attacked by some molten metals, notably aluminum, and bismuth. However,
they are very resistant to zinc and tin alloys, and have been widely used in diecasting and zinc
galvanizing.

D. ALLOYS DESIGNED FOR AQUEOUS CORROSION AND WEAR RESISTANCE

1. History

The existence of VITALLIUM in prewar years, as a casting alloy for dental and biomedical
applications, has already been mentioned. This material, the composition of which is given in Table
7, is still in use today, having enjoyed 40 years of use in hip joint replacements, initially on its own,
then more recently in composite metal/polymer and metal/metal joints. It has been used in cast form,
in wrought form, and as made by powder metallurgy processing, in attempts to enhance fatigue
resistance. Also to enhance fatigue resistance, nitrogen-bearing derivatives of VITALLIUM alloy
have been developed for the biomedical industry.

STELLITE 21, the derivative of VITALLIUM alloy developed for high-temperature use, evolved
(in cast and weld overlay form) into a candidate material for applications involving aqueous
corrosion and wear, in particular situations conducive to liquid droplet impingement erosion and
cavitation erosion, such as hydroelectric power turbines and valve seating surfaces, respectively. It
was partly the outstanding wear properties of this material, without the benefit of a large amount of
carbide in the microstructure, that gave rise to the understanding that, for many wear processes,
carbides are not essential, and that the unique wear characteristics of the cobalt alloys are largely due
to the transformation and twinning tendencies, under the action of mechanical stress.

With the knowledge that carbides are not essential for wear resistance, ULTIMET® alloy was
developed in the late 1980s as a material optimized for aqueous corrosion resistance. Its composition
is given in Table 7. Primarily a wrought product, ULTIMET alloy has been used also in the form of
castings and weld overlays. It is used in a wide variety of chemical process industry situations subject
to hot acids and wear, notably in valves, pumps, and nozzles.

2. Metallurgy

Unlike the cobalt-chromium-tungsten alloys designed for wear resistance, the cobalt-chromium-
molybdenum materials designed to resist both aqueous corrosion and wear (i.e., VITALLIUM and
ULTIMET alloys) contain few precipitates. The cast VITALLIUM alloy does contain sufficient

TABLE 7. Nominal Composition of Aqueous Corrosion and Wear-Resistant Cobalt Alloys

VITALLIUM
ULTIMET

Co

Balance
Balance

Cr

28.5
26

W

2

Mo

6
5

C

0.35 max
0.06

Ni

1 max
9

Fe

0.75 max
3

Si

1 max
0.3

Mn

1 max
0.8

N

0.08



carbon to cause some grain boundary precipitation of chromium-rich M23C6 carbides; however, the
only precipitates in wrought ULTIMET alloy (which requires solution annealing and water quench-
ing) are a few nitrides, which occur if reactive residuals are present.

The metallurgical characteristics of cobalt and its alloys, which impart resistance to those wear
processes involving microfatigue, has already been discussed. Naturally, VITALLIUM and ULTI-
MET alloys possess these characteristics. In the case of ULTIMET alloy, the hep to fee
transformation temperature was deliberately lowered by the addition of nickel (at 9 wt.%), to reduce
the tendency of the material to work harden, and thus to make wrought processing, and forming of
the alloy into industrial components, an easier proposition.

As discussed previously, chromium enhances passivation of the cobalt alloys, in the presence of
oxygen, and is therefore the key ingredient with regard to corrosion resistance in oxidizing media,
such as nitric acid. Molybdenum (together with tungsten, in the case of ULTIMET alloy) is very
beneficial under active corrosion conditions, such as are encountered in hydrochloric acid.

The carbon and nitrogen contents of ULTIMET alloy are critical [7]. During development of the
alloy, it was initially thought that carbon should be kept as low as possible, as it is in the austenitic
stainless steels and nickel-chromium-molybdenum (HASTELLOY®) alloys, to avoid sensitization
(the grain boundary precipitation of carbides, during elevated temperature excursions, e.g., during
welding). However, carbon was found to be more soluble in the cobalt-chromium-molybdenum
system, and actually improves SCC resistance when added within the soluble range. Nitrogen is
soluble up to ~ 0.12 wt.% (without active residuals), and it enhances strength and localized
corrosion resistance (pitting and crevice corrosion), within this soluble range.

3. Wear Behavior

The results of galling, cavitation erosion, and low-stress abrasion tests at room temperature on
ULTIMET alloy (as a representative of the cobalt alloys designed to resist both aqueous corrosion
and wear) are given in Figures 1-3. For comparison, results are also presented for

HAYNES 6B
STELLITE 1 and 6 (two-layer gas tungsten arc weld overlays)
C-276 and 625 (corrosion-resistant Ni-Cr-Mo alloys)
316L stainless steel (austenitic)
410 stainless steel (martensitic) in the 23 HRC condition
2205 stainless steel (ferritic/austenitic or duplex)
17-4 PH stainless steel (precipitation hardening)
NITRONIC® 60 (high silicon, nitrogen bearing, austenitic stainless steel)

From Figures 1 and 2, the advantages of cobalt as an alloy base are apparent for situations
involving metal-to-metal wear and microfatigue-controlled erosion processes. The only other alloy
that comes close to the performance of the cobalt alloys is NITRONIC 60. This alloy also exhibits
much higher resistance to galling than the standard stainless steels.

Under low-stress abrasion conditions (Fig. 3), the carbide-containing cobalt alloys are outstand-
ing. ULTIMET alloy does possess reasonable resistance to this form of wear, however, indicating
that the unique response of the cobalt-rich solid solution to mechanical stress is of some benefit.

The galling test used was a modification of the ASTM G 98 procedure, and is described in [8].
The cavitation erosion and low-stress abrasion data were generated using the ASTM G 32 and G 65
test procedures, respectively.

The elevated temperature abrasion properties of ULTIMET alloy, relative to STELLITE 6, 316L
stainless steel and 410 stainless steel are discussed in [9]. This work indicates that the advantages of
cobalt as an alloy base for wear resistance extend to 80O0C.
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FIGURE 2. Comparative cavitation erosion data.

4. Aqueous Corrosion Behavior

To illustrate the aqueous corrosion characteristics of alloys designed to resist both aqueous corrosion
and wear, uniform corrosion and crevice corrosion data are presented for ULTIMET in Figures 4-8.

Figures 4 and 5 are the isocorrosion diagrams for ULTIMET alloy in sulfuric and hydrochloric
acids. These diagrams were constructed mathematically, using numerous corrosion rate values, at
different acid concentration and temperature combinations. They indicate the "very safe" (O to
0.1 mm/year, 4mpy), "moderately safe" (0.1-0.5 mm/year, 4-20 mpy), and "unsafe" (>0.5mm/
year, 20 mpy) regimes in these acids. The tops of the bars represent the boiling points.

For perspective, the boundaries between the "very safe" and "moderately safe" regimes (i.e., the
0.1-mm/year (4 mpy) lines) are plotted in Figures 6 and 7, alongside similar lines for 316L stainless
steel, 20Cb-3® alloy (an austenitic stainless steel designed to resist sulfuric acid), 254SMO®
(one of the 6 wt.% molybdenum-bearing stainless steels), and C-2000® alloy, a nickel -chromium-
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FIGURE 5. Isocorrosion diagram for ULTIMET alloy in hydrochloric acid.
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FIGURE 4. Isocorrosion diagram for ULTIMET alloy in sulfuric acid.
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CRITICAL CREVICE TEMPERATURE 0C

FIGURE 8. Critical crevice corrosion temperature (the lowest temperature at which crevice attack is
experienced over a 24-h test period) in 6% ferric chloride.
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alloy in sulfuric acid.
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molybdenum material. In sulfuric acid, ULTIMET alloy is in the same performance band as 20Cb-3
and 254SMO alloys, being far better than 316L, but not as good as the Ni-Cr-Mo materials. In
hydrochloric acid, ULTIMET alloy is second only to C-2000 alloy, and much more resistant to this
aggressive acid than the three stainless steels.

The resistance to localized attack of ULTIMET alloy, as compared with the Ni-Cr-Mo (C-type)
alloys and austenitic stainless steels is summarized in Figure 8. These tests were performed
according to the ASTM G 48 procedures, using teflon crevice blocks. AL-6XN® alloy is also a
6wt.% molybdenum-bearing stainless steel.

From Figure 8, it is evident that the resistance to localized attack of ULTIMET alloy is equivalent
to that of the Ni-Cr-Mo alloys. This has been confirmed in pitting tests, also.

With regard to the SCC resistance of the corrosion and wear-resistant cobalt materials, such as
ULTIMET alloy, they appear to be similar to the super austenitic stainless steels in their
susceptibility. Reference [8], in which four-point bend test results in 30wt.% magnesium chloride
are presented, indicates that ULTIMET alloy is similar to 20Cb-3 alloy, and that both these alloys
possess much higher resistance to SCC than does 316L stainless steel.
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TRADEMARKS

STELLITE® and TRIBALOY® are registered trademarks of Deloro Stellite.
HAYNES®, ULTIMET®, HASTELLOY®, and C-2000® are registered trademarks of Haynes
International, Inc.
VITALLIUM® is a registered trademark of Howmedica.
NITRONIC® is a registered trademark of Armco Steel.
20Cb-3® is a registered trademark of Carpenter.
254SMO® is a registered trademark of Avesta Sheffield.
AL-6XN® is a registered trademark of Allegheny Teledyne, Inc.
MAR-M® is a registered trademark of Lockheed Martin.
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