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SPECIALTY ALLOYS —
COMPOSITION & APPLICATIONS

All alloy steels are made from carbon steel and other alloying materials, including aluminum, chromium,
copper, manganese, nickel, silicon or titanium. These metals are combined with carbon steel to create
specific properties that allow for increased hardness, strength and/or corrosion resistance.

COMMON ALLOYS

The most common and familiar alloys are brass and carbon steel.

BRASS is made of copper and zinc of varying proportions and mechanical and electrical properties to
develop different types of brass alloys. Brass is frequently used to make a wide range of pipe fittings,

threaded fasteners, tube fittings and flare fittings. Because of its exceptional resistance to rust and its
hardness, flexibility and durability brass is frequently used in pluming applications for tubing and pipe
fittings.

CARBON STEEL is a combination of iron and carbon, and often contains other elements with low
maximum percentages, such as copper (0.60% maximum), manganese (1.65% maximum) or silicon
(0.60% maximum). Carbon steel fittings are widely used in industrial, construction and agricultural
equipment due to requirements of high pressure, high strength and low cost. Carbon steel is the most
used metal, making up nearly 85% of the world’s steel production. Even though it has limited corrosion
resistance compared with other materials it is still used in a wide number of industrial applications.

THE FOLLOWING ALLOYS PROVIDE SPECIFIC CHARACTERISTICS WHEN COMBINED WITH CARBON STEEL:

CHROMIUM » ADDS HARDNESS, MATERIAL BECOMES TOUGHER MOLYBDENUM » INCREASED STRENGTH, ENHANCED
AND MORE WEAR RESISTANCE RESISTANCE TO SHOCK AND HEAT

CHROMIUM-VANADIUM » INCREASES TENSILE STRENGTH, YET NICKEL » PROVIDES IMPROVED CORROSION RESISTANCE AND
BECOMES MORE MALLEABLE FOR BENDING AND IS EASIER TO CUT INCREASED STRENGTH

COBALT » WITHSTANDS EXTREME HEAT, IDEAL FOR CUTTING TOOLS TUNGSTEN » IMPROVED GRAIN STRUCTURE ALLOWING FOR A
HARDER MATERIAL AND SUPERIOR HEAT RESISTANCE

MANGANESE » INCREASED SURFACE HARDNESS AND SHEAR
STRENGTH, AND PROVIDES IMPROVED RESISTANCE TO STRAIN VANADIUM » PROVIDES IMPROVED CORROSION RESISTANCE AND
AND SHOCK INCREASES STRENGTH, TOUGHNESS AND RESISTANCE TO SHOCK.
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ADVANTAGES & APPLICATIONS OF AEROSPACE QUALITY FITTINGS

SPECIALTY ALLOYS

Specialty alloys range from common Stainless Steels to Super Duplex Stainless Steels.

ALLOY 316/316L STAINLESS STEEL

Though there are a variety of grades of stainless steel, such as 301, 302, 303, 304, 309, 316/316L and 321.
We will focus on alloy 316/316L because of its wide use in specialty applications. Alloy 316/316L stainless
steel is an austenitic molybdenum-bearing stainless steel containing nickel. Higher molybdenum and
nickel content gives better corrosion resistance than for instance 304 stainless, especially with regard

to pitting and crevice corrosion in chloride and salt environments. It also provides increased strength at
elevated temperatures.

The austenitic structure of 316/316L SS gives excellent toughness to the material, even at cryogenic
temperatures, and its resistance to corrosion provides excellent performance in a wide range of
atmospheric and corrosive environments and other media. However, when it is subjected to crevice
corrosion and/or pitting in warm chloride conditions and stress corrosion cracking 316/316L stainless
steel can breakdown and experience premature failure. This material was initially developed for use in
paper mills, yet is frequently used in:

BREWERY EQUIPMENT FOOD PROCESSING EQUIPMENT PROCESS EQUIPMENT
CHEMICAL AND HEAT EXCHANGERS SHIP & BOAT FITTINGS
PETROCHEMICAL EQUIPMENT

LABORATORY EQUIPMENT SPRINGS
CHEMICAL TRANSPORTATION
CONTAINERS MEDICAL IMPLANTS VALVES
FITTINGS NUTS AND BOLTS

DUPLEX STAINLESS STEELS

Duplex stainless steels have a two-phase (“duplex”) microstructure which consists of austenitic stainless
steel and ferritic grains which makes them nearly twice as strong as regular stainless steels. Duplex
stainless steels have a microstructure of approximately 50% austenite and 50% ferrite. This provides
corrosion resistance greater than other common grades of stainless steels, such as 304 and 316. And
because duplex stainless steels are magnetic they can be easily differentiated from common grades of
stainless when there is any potential confusion.

Duplex Stainless Steel were developed around the end of World War Il for the pulp and paper industry
in Sweden to help resist corrosion problems from chloride-bearing cooling waters and other aggressive
process fluids. They were eventually found to be very useful in applications such as:

CARGO TANKS AND PIPE SYSTEMS IN CHEMICAL TANKERS STORAGE TANKS
COMPONENTS FOR STRUCTURAL DESIGN WATER HEATERS
FLUE-GAS CLEANING AND MUCH MORE
HEAT EXCHANGERS
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Because of their high content of chromium, molyum and nitrogen, duplex steels offer very good
localized and uniform corrosion resistance. Their unique microstructure allows for excellent
abrasion, erosion and fatigue resistance and mechanical strengths that are higher than standard
304 and 316 stainless steels, plus they provide for very good weldability.

SUPER DUPLEX STAINLESS STEELS

Super Duplex 2507 stainless steel (UNS S32750) contains 25% chromium, 4% molybdenum and
7% nickel. This alloy was first used in the 1980s when it was uniquely designed for extreme and
demanding applications which necessitate extraordinary corrosion and strength resistance, such as
in chemical processing, petrochemical and seawater equipment applications.

As Super Duplex SS is an austenitic-ferritic, iron chromium - nickel alloy with the addition of
molybdenum, it provides very good resistance to pitting and has a higher than normal tensile
strength than most other materials. When compared to conventional austenitic stainless steels Super
Duplex SS provides a superior resistance to stress corrosion cracking when at moderate temperatures.

Because of its high content of chromium the alloy has excellent resistance to acids, acid chlorides,
caustic solutions and other harsh environments. Common applications of super duplex stainless

steels are:
COMPONENTS FOR THE PULP AND PAPER INDUSTRY HEAT EXCHANGERS
DESALINATION PLANTS POLLUTION CONTROL COMPONENTS
DOWNHOLE DRILLING, EXPLORATION, LOGGING TUBE & PIPE SYSTEMS FOR PETROCHEMICAL REFINERIES

OR OTHER DEEP HOLE 0&G APPLICATIONS

SUPERALLOYS

Superalloys, or high performance alloys, provide exceptional mechanical strength and creep
resistance at high temperatures, corrosion and oxidation resistance and reliable surface stability.
Superalloys are used extensively in the oil and gas industry, chemical and petrochemical
processing, power plants and many other harsh environment applications. They include a number
of special combinations of alloys to make up materials from Monel® to Hastelloy®.

MONEL® ALLOY 400

Alloy 400, also known as Monel is a series of alloys mostly made up of copper, iron, nickel and
other trace elements. Monel alloy 400 contains the same proportions of nickel and copper found
naturally in the nickel ore from certain mines.
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ADVANTAGES & APPLICATIONS OF AEROSPACE QUALITY FITTINGS

MONEL IS USED IN A WIDE VARIETY OF EXTREME ENVIRONMENT APPLICATIONS, INCLUDING:

CHEMICAL AND HYDROCARBON FRESHWATER TANKS PUMPS
PROCESSING EQUIPMENT

GASOLINE TANKS SEAWATER HANDLING EQUIPMENT
CRUDE OIL DISTILLATION TOWERS

HEAT EXCHANGERS SHAFTS
FASTENERS

MARINE ENGINEERING TUBING, TUBE FITTINGS AND VALVES
FITTINGS

Its nickel-copper alloy construction makes it highly resistant

to sea water and steam at high temperatures, along with an
excellent resistance to salt and caustic solutions. This alloy

not only has excellent corrosion resistance in a wide variety of
media, it is also provides good weldability and moderate to high
strength, and very good mechanical properties during wide
swings in temperature (from sub-zero up to 1020° F/549° C).

ALLOY 6MO

Alloy 6 Mo (UNS S31254) is a super austenitic stainless steel
consisting of high levels of molybdenum and nitrogen, which
provide extreme resistance to pitting and crevice corrosion and has
very high strength compared with conventional stainless steels.

This material offers superior resistance to corrosion in high-
chloride environments; such as salt water, seawater, pulp
mill bleach plants and other high-chloride process streams.
6Mo alloy exhibits not only high resistance to pitting and crevice corrosion, but also to chloride stress-
corrosion cracking in harsh environments. It is ideal for offshore oil and gas, chemical processing,
instrumentation and shipbuilding applications.

ALLOY 6MO IS WIDELY USED IN THE MANUFACTURING OF: AND IN APPLICATIONS SUCH AS:

COLUMNS CHEMICAL PROCESSING EQUIPMENT
CRYSTALLIZERS FLUE GAS DESULFURIZATION SCRUBBERS
FITTINGS FOOD PROCESSING EQUIPMENT

FLUE GAS DESULFURIZATION SCRUBBER COMPONENTS OIL AND GAS PRODUCTION EQUIPMENT

HEAT EXCHANGERS PULP MILL BLEACH SYSTEMS

MIXING VESSELS SEAWATER HANDLING EQUIPMENT

PIPING TALL OIL DISTILLATION COLUMNS AND EQUIPMENT

PRESSURE VESSELS & TANKS

PUMPS

SEAWATER-COOLED CONDENSERS

SERVICE WATER PIPING IN NUCLEAR POWER FACILITIES

TUBING
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INCOLOY®

Incoloy, Alloy 825 (UNS NO8825) is an austenitic nickel-iron-chromium alloy which also contains copper,
molybdenum and titanium. Incoloy was developed to provide extraordinary corrosion resistance in both
oxidizing and reducing environments or reducing atmospheres (an atmospheric condition in which
oxidation is prevented by removal of oxygen and other oxidizing gases or vapors). These corrosive
conditions are caused by actively reducing gases such as hydrogen, carbon monoxide and hydrogen
sulphide that would be oxidized by any presence of oxygen. Alloy 825 is very versatile and provides
excellent mechanical properties from room to elevated temperatures (> 1000° F/538° C)

PRIMARY APPLICATIONS FOR INCOLOY INCLUDE:

ACID PRODUCTION OIL AND GAS RECOVERY

CHEMICAL PROCESSING POLLUTION CONTROL

NUCLEAR FUEL REPROCESSING

INCONEL®

Inconel is in the same family as Incoloy and is also a austenitic nickel-chromium-based superalloy. The
primary advantage of Inconel is that it allows for the alloys” oxidation corrosion resistance which is well
suited for service in highly extreme environments that are subjected to extreme pressure and heat.
Uniquely, when exposed to high temperatures Inconel forms a thick, stable, oxide coated layer that
protects the surface from further attack. Inconel provides for excellent fabrication (including joining),
exceptional high strength, substantial corrosion resistance and ability to withstand broad service
temperatures (ranging from cryogenic to 1800° F/982° C).

INCONEL IS FREQUENTLY USED IN A VARIETY OF EXTREME ENVIRONMENTS, SUCH AS:

MARINE APPLICATIONS DUE TO ITS EXTRAORDINARY MANY OTHER SEAWATER APPLICATION COMPONENTS DUE TO
RESISTANCE TO SODIUM CHLORIDE (SALT) UNDER A WIDE ITS HIGH RESISTANT TO CORROSION, SUCH AS:

RANGE OF TEMPERATURES FITTINGS

THE CONSTRUCTION OF JET ENGINES AND TURBINES WHICH NUTS, BOLTS, WASHERS AND SEALS

ARE UNIQUE IN THAT THEY HAVE TO WITHSTAND TREMENDOUS TUBING

FLUCTUATIONS IN TEMPERATURES AND PRESSURES DUE TO VALVES

EXTREME CHANGES IN ELEVATION AND WEATHER CONDITIONS

HASTELLOY®

Hastelloy is a nickel-molybdenum alloy. Of the many grades of this material, most are forms of nickel-
chromium-molybdenum alloys. Each grade has been optimized for a specific purpose, each providing
a high resistance to corrosion. It is important to note that Hastelloy® and Incoloy® are very similar and
both are considered Superalloys, yet there are some important differences.

Each provides excellent mechanical strength, particularly when exposed to high temperatures, and
each is highly corrosion and oxidation resistant. However, their differences are primarily in chemical
composition, weldability and their use in different applications.
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Hastelloy has exceptional resistance to high oxidizing and reducing agents, which makes it excellent

for moderate to severe corrosive environments. Pipes and valves are often made of Hastelloy for the
petrochemical and chemical processing industries. In addition, it is ideal for the manufacture of pressure
vessels and heat exchangers, and for use in chemical reactors and nuclear reactors.

On the other hand, Incoloy’s high iron content often allows it to be more cost effective for many
applications. Some Incoloy grades have been designed for increased corrosion resistance in harsh
environments. Its strength at high temperatures and resistance to brine, chloride, seawater and sour
gas make it a very good choice for the construction of components used in the oil and gas industries.

In addition to the applications listed above for Incoloy, it is an ideal choice for aircraft components, \
gas turbines, hot vessels for food and water, propeller shafts and tank trucks. In addition, Incoloy is )
resistant to sulfuric and phosphoric acids, nuclear fuel and other high chemically corrosive materials and “ '

environments.
CONCLUSION

The proper selection of alloys is dependent on the application environment and other mechanical
requirements. For instance Superalloys will be exceptional for most any application. However, due to
their cost to benefit ratio, it is often more practical to use a standard stainless steel. And of course brass
and carbon steel are the best and most cost effective for many basic applications. Yet more complex
and extreme environment applications call for Specialty Alloys or Super Alloys. It is best to consult your
material supplier if there is any question regarding the best alloy to use for a given application.

ABOUT BRENNAN SOURCES:

In business for over 65 years, Brennan supplies customers Aalco Metals Limited
International Molybdenum Association

worldwide with more than 50,000 standard and special

Special Piping Materials
hydraulic fittings, adapters and O-rings in sizes ranging from Continental Steel & Tube Company
1/16 to 3 inches. These include a wide choice of fitting and Fine Tubes Ltd.

) ; } HandyTube Corporation
adapter types such as tube, O-ring face seal, instrumentation, ) )

Nickel Institute
metric bite type, push-to-connect, conversion and flareless bite High Temp Metals
type, as well as valves, clamps and swivels. Brennan products United Performance Metals

are stocked at strategically located, full-service distribution
centers across North America, Europe and Asia.

The information in this paper Is believed to be accurate and

reliable. However, Brennan Industries makes no warranty,
expressed or implied, that information provided in this
material will ensure satistactory performance in each specific
application. It is the customer’s responsibility to evaluate the
material and application prior to use.
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US DISTRIBUTION CENTERS

ATLANTA toLL Free: 800.458.1988
Fax: 770.987.0926

CLEVELAND toLL rRee: 800.331.1523
rax: 440.248.9375

DALLAS toLL Free: 800.443.9937
FAx: 972.660.6638

HOUSTON toLL rRee: 800.443.9937
rax: 713.808.9477

LOS ANGELES ToLL rRee: 800.942.5321
rax:949.595.0933

SEATTLE toLL rRee: 800.445.7107
rax: 253.826.4884

INT'L DISTRIBUTION CENTERS

BIRMINGHAM, UK  prone: 01922 650039
rax: 01922 626179

SHANGHALI, CN pHoNE: +86 21 57391155
Fax: 86 2157390688
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CANADIAN DISTRIBUTION CENTERS

CALGARY ToLL FRee: 844.379.9300
rax: 403.279.4583
MONTREAL pHONE: 514.339.1139
rax: 514.339.2601
TORONTO ToLL FREE: 855.267.9013
rax:905.673.8788

VANCOUVER pHonE: ©04.420.6540
Fax:604.420.6545

WINNIPEG pHoNE: 204.694.8068
rax: 204.694.8113

@ BRENNAN

CORPORATE HEADQUARTERS CANADIAN MANUFACTURING

6701 Cochran Road 290 Courtney Park Drive East
Solon, Ohio 44139 USA Mississauga, Ontario - L5T 2S5

Canada
US MANUFACTURING

26420 Century Corners Parkway
Cleveland, Ohio 44132 USA

srone: 440.248.1880
tourree: 888.331.1523
mx. 440.248.7282
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