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In the realm of advanced material science and industrial engineering, few standards carry as much
historical and technical weight as ASTM B337. This specification has long served as the
benchmark for seamless and welded titanium and titanium alloy pipes designed for general
corrosion-resisting and elevated-temperature services. While titanium is often associated with
aerospace ingenuity, its application in chemical processing, power generation, and marine
environments is facilitated by the rigorous standards established by the American Society for
Testing and Materials (ASTM).

The Evolution and Scope of ASTM B337

ASTM B337 originally covered several grades of titanium pipe. It is crucial for engineers and
procurement specialists to recognize that while ASTM B337 was a primary standard for decades, it
was technically withdrawn by the ASTM committee in the late 1990s (specifically 1997) and
replaced by two more specialized standards: ASTM B861 for seamless pipe and ASTM B862 for
welded pipe. However, the nomenclature and technical requirements of B337 remain prevalent in
legacy specifications, vintage industrial blueprints, and international supply chains that still
reference the 1995 revision (ASTM B337-95).

The specification covers a spectrum of titanium grades, each tailored to specific mechanical and
chemical environments. The primary objective of the standard is to ensure that the pipe can
withstand oxidizing environments, chloride-induced stress corrosion, and extreme temperatures
where traditional stainless steels or nickel alloys might fail.

Understanding Titanium Grades Under ASTM B337

The versatility of ASTM B337 lies in its categorization of titanium into various grades. These grades
are classified based on their chemical composition-specifically the levels of interstitial elements like
oxygen, nitrogen, and iron-and the addition of alloying elements like aluminum, vanadium, or
palladium.

Commercially Pure (CP) Grades

- Grade 1: The most ductile and softest grade. It possesses the highest formability and is used
where maximum corrosion resistance is required but strength requirements are secondary.
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- Grade 2: Often referred to as the "workhorse" of the industrial titanium industry. It offers an
excellent balance of moderate strength and high ductility. It is the most commonly specified
grade for ASTM B337 piping in chemical plants.

- Grade 3: A higher strength CP grade, used where higher pressure ratings are required than
Grade 2 can provide, while still maintaining excellent corrosion resistance.

- Grade 7: Mechanically identical to Grade 2 but with the addition of Palladium (0.12% to
0.25%). This addition significantly enhances corrosion resistance in reducing acids and
localized attack in hot chloride environments.

Alpha-Beta and Near-Alpha Alloys

- Grade 9 (Ti-3Al-2.5V): A "near-alpha" alloy that offers significantly higher strength than CP
grades (approximately 20-50% higher) while maintaining good cold-workability. It is frequently
used in hydraulic systems and high-pressure chemical lines.

- Grade 12: An alloy containing small amounts of Molybdenum and Nickel. It is specifically
designed to provide better corrosion resistance than CP grades at high temperatures and high
pH levels.

Technical Analysis: Chemical Composition and Mechanical
Properties

The performance of an ASTM B337 pipe is dictated by its metallurgical integrity. The following
tables provide a technical breakdown of the requirements for the most common grades found in
industrial applications.

Table 1: Chemical Composition Requirements (%)
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Grade
Grade 1

Grade 2

Grade 7

Grade 9

Grade 12

Nitrogen (Max) Carbon (Max)Hydrogen (Max

0.03

0.03

0.03

0.03

0.03

0.08

0.08

0.08

0.08

0.08

0.015

0.015

0.015

0.015

0.015
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Iron (Max)

0.20
0.30
0.30

0.25

0.30

Oxygen (Max)Other Elements

0.18

0.25

0.25

0.15

0.25

Pd: 0.12-0.25

Al: 2.5-3.5, V:
2.0-3.0

Mo: 0.2-0.4,
Ni: 0.6-0.9
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Table 2: Mechanical Property Requirements
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Grade Tensile Strength (mini&kl Birength 0.2% Offset (nEMrigation in 2 in. or 50mm (min %)
Grade 1 35 [240] 20 [138] 24
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Manufacturing Processes: Seamless vs. Welded

ASTM B337 distinguishes clearly between seamless and welded manufacturing routes. The choice
between these two often depends on the required diameter, pressure rating, and cost constraints.

Seamless Pipe Production

Seamless pipes are typically manufactured through extrusion or rotary piercing followed by cold
pilgering or drawing. This process results in a pipe with no longitudinal seam, offering superior
pressure-bearing capabilities and eliminating the potential "weak point" of a weld. Seamless B337
pipes are preferred in high-vacuum or extremely high-pressure environments where the risk of leak
paths must be minimized.

Welded Pipe Production

Welded titanium pipes are produced from flat-rolled plate or strip (often conforming to ASTM
B265). The material is formed into a tubular shape and joined using an automated welding
process, such as Gas Tungsten Arc Welding (GTAWI/TIG) or Plasma Arc Welding (PAW).
Under the B337 standard, welded pipes must be made with no filler metal added during the
welding process to ensure the chemistry of the weld bead matches the base metal exactly. Welded
pipes can be manufactured in much larger diameters (up to 48 inches or more) compared to
seamless variants.

The Physics of Titanium Corrosion Resistance

The primary reason for selecting ASTM B337 titanium pipe is its passive oxide film. Titanium is
an extremely reactive metal; however, upon exposure to air or moisture, it instantly forms a
tenacious, stable, and highly adherent protective oxide layer (TiO2). This film is:

- Self-healing: If scratched or damaged, the film reforms immediately in the presence of oxygen
or water.

- Resistant to Chlorides: Unlike stainless steels, titanium is virtually immune to pitting and
crevice corrosion in seawater and brine solutions at temperatures up to 250°C.

- Stable across pH ranges: Titanium remains passive in highly acidic environments (with the
exception of hydrofluoric and concentrated sulfuric/hydrochloric acids).

Engineering Formulas and Design Considerations

When designing a piping system using ASTM B337 material, engineers must calculate the required
wall thickness based on internal pressure. The Barlow's Formula is commonly utilized for this
purpose:
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t=(P*D)/(2*S*E+2*Y*P)
Where:

-t = Minimum wall thickness (inches or mm).

P = Internal design pressure (psi or MPa).

D = Outside diameter of the pipe.

- S = Allowable stress value for the material at design temperature (obtained from ASME
Section Il, Part D).

E = Joint efficiency factor (1.0 for seamless, typically 0.85 for welded pipe depending on
radiography).

Y = Wall thickness coefficient (usually 0.4 for titanium at moderate temperatures).

Practical Implementation: Welding and Fabrication

Fabricating ASTM B337 titanium pipe requires a different mindset compared to carbon or stainless
steel. Titanium's high reactivity with atmospheric gases (oxygen, nitrogen, and hydrogen) at
temperatures above 800°F (427°C) necessitates stringent shielding protocols.

The Shielding Gas Imperative

Welding must be conducted using high-purity Argon (99.999%). Three types of shielding are
required:

1. Primary Shielding: The gas flowing through the TIG torch to protect the molten puddle.

2. Secondary (Trailing) Shielding: A specialized "trailing shield" that follows the torch to protect
the cooling weld metal and the heat-affected zone (HAZ) until it drops below 800°F.

3. Backing Gas (Purging): The interior of the pipe must be completely purged of oxygen using
argon to prevent the "sugar" effect or heavy oxidation on the root pass.

Cleanliness and Contamination

Contamination by iron particles, oil, or even fingerprints can lead to weld embrittlement. All pipes
must be cleaned with non-chlorinated solvents (like acetone) and prepped with dedicated stainless
steel wire brushes that have never been used on other metals.

Comparison: ASTM B337 vs. Modern Alternatives

Since B337 is an older standard, it is often compared to the modern B861/B862 standards. The
following table highlights the structural transition of these specifications.
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Legacy Standard  Current Seamless StandarCurrent Welded Standard  Primary Application

ASTM B337 ASTM B861 ASTM B862 Corrosive fluid transport
ASTM B338 ASTM B338 ASTM B338 Heat exchangers /
Condensers
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While B337 was a "catch-all" for pipe, the current standards provide more granular details
regarding non-destructive testing (NDT), such as mandatory ultrasonic testing for seamless grades
and radiography for welded grades intended for critical services.

Field Guide: Troubleshooting Common Issues

Working with titanium piping presents unique challenges. Below are common failure modes and
their technical solutions.

1. Hydrogen Embrittlement

Cause: Absorption of hydrogen at elevated temperatures or during pickling/cleaning processes.
This leads to the formation of brittle titanium hydrides.Solution: Ensure the hydrogen content in
the base metal stays below 150 ppm (as per B337 specs) and avoid cathodic protection systems
that generate excess hydrogen in the vicinity of the pipe.

2. Iron Contamination (Pitting)

Cause: Contact with carbon steel tools or grinding dust. The iron particles embed in the titanium
surface and break down the protective oxide layer.Solution: Perform a "Ferroxyl Test" to detect
free iron. If found, the pipe must be pickled using a solution of Nitric-Hydrofluoric acid (HNO3-HF).

3. Galling of Threaded Connections

Cause: Titanium has a high coefficient of friction; threads will cold-weld or "seize" almost instantly
if not properly lubricated.Solution: Use specialized anti-seize compounds (nickel-based) or avoid
threaded connections in favor of flanged or welded joints.

Industrial Applications of ASTM B337 Pipe

The unique properties of B337 titanium piping make it indispensable in several high-stakes
industries:

- Desalination Plants: Handling hot, concentrated brine where even 316L stainless steel would
pit within weeks.

- Pulp and Paper: Used in bleaching towers where chlorine dioxide is present.

- OIl and Gas (Subsea): Used for risers and flowlines due to its light weight (45% lighter than
steel) and immunity to seawater corrosion.

- Chemical Processing: Essential for the production of terephthalic acid (PTA), chlorine, and
various organic acids.

Summary and Broader Implications
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ASTM B337, despite its official withdrawal, remains a foundational pillar in the history of titanium
standardization. It bridged the gap between early metallurgical experimentation and the
sophisticated, highly specialized piping systems we see today in the 21st century. For the modern
engineer, understanding the requirements of B337 is not just an exercise in historical research; it is
a practical necessity for maintaining legacy infrastructure and understanding the roots of the
current B861 and B862 specifications.

The move toward titanium in industrial piping reflects a broader shift toward life-cycle cost (LCC)
analysis. While the initial capital expenditure for a B337 titanium pipe system is higher than that of
stainless steel, the near-infinite service life in corrosive environments and the minimal maintenance
requirements often make it the most economical choice over a 20- or 30-year operational window.
As global industries move toward harsher environments-deeper wells, hotter chemical reactors,
and more saline waters-the principles established in the ASTM B337 standard will continue to
guide the safe and efficient transport of the world's most critical fluids.
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