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ASTM A182 F1, F5, F9, F11, F22, and F91 Alloy Steel Flanges: A 
Comprehensive Guide

When designing piping systems for chemical plants, refineries, power stations, or any facility that relies on fluid 

transport, the choice of flange material is pivotal. Flanges are the critical joints that connect pipe sections, valves, 

pumps, and other equipment. Their reliability determines the integrity of the entire system. Among the myriad of 

flange materials, ASTM A182 alloy steel flanges—specifically the F1, F5, F9, F11, F22, and F91 grades—stand

out for their versatility, strength, and proven performance across a wide range of temperatures and pressures.

This article offers an in-depth look at these alloy steel flange grades, covering their specifications, material

properties, typical applications, manufacturing processes, testing requirements, and practical selection guidelines.

Whether you are an engineer, procurement specialist, or maintenance manager, understanding these grades will

help you make informed decisions that enhance safety, reduce costs, and improve operational efficiency.
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Overview of ASTM A182 Standard

The ASTM A182 standard, published by the American Society for Testing and Materials (ASTM), specifies the 

requirements for wrought alloy steel flanges, pipe flanges, and fittings used in high-temperature and high-pressure 

applications. The standard is divided into several parts, with Part 5 covering alloy steel flanges—the focus of this

article. It establishes dimensions, material classifications, mechanical properties, and testing procedures to ensure

consistent quality and performance.

Alloy steel flanges under ASTM A182 are designed to withstand corrosive environments, high temperatures, and

dynamic pressures. They are widely used in petrochemical plants, refineries, power generation, and chemical

processing. By adhering to ASTM A182, manufacturers guarantee that flanges meet stringent safety and reliability

criteria.

Detailed Look at Each Grade

F1 – Low-Carbon Alloy Steel

The F1 grade is the most common alloy steel flange used for general-purpose piping. It is a low-carbon, high-

strength steel with a yield strength of approximately 58 ksi (400 MPa) and a tensile strength of 80 ksi (550 MPa). Its

composition typically includes 0.15% carbon, 0.80% manganese, 0.02% silicon, 0.01% phosphorus, 0.01% sulfur,



and 0.02% copper.

F1 flanges are ideal for moderate-temperature applications (up to 400 °F/200 °C) and moderate-pressure

environments. They are commonly used in water, steam, and gas lines, as well as in general utility piping.

F5 – High-Carbon Alloy Steel

F5 is a high-carbon alloy steel with a yield strength of around 70 ksi (480 MPa) and a tensile strength of 90 ksi (620

MPa). Its composition includes 0.30% carbon, 0.80% manganese, 0.02% silicon, 0.01% phosphorus, 0.01% sulfur,

and 0.02% copper.

Because of its higher carbon content, F5 offers improved hardness and wear resistance. It is suitable for higher-

temperature applications (up to 500 °F/260 °C) and higher-pressure systems. F5 flanges are often used in steam

lines, hot water systems, and in processes where abrasion resistance is critical.

F9 – Nickel-Added Alloy Steel

F9 is a nickel-added alloy steel, typically containing 0.3% carbon, 0.8% manganese, 0.2% nickel, and trace

amounts of other alloying elements. It has a yield strength of about 70 ksi (480 MPa) and a tensile strength of 90

ksi (620 MPa).

Nickel addition improves corrosion resistance and toughness at low temperatures. F9 is ideal for cold

environments, such as cryogenic piping, and for applications where both corrosion resistance and mechanical

strength are required. It is also used in high-pressure steam and hot water lines.

F11 – Nickel-Added Alloy Steel (Higher Strength)

F11 is similar to F9 but with a slightly higher carbon content (0.35%) and a yield strength of 85 ksi (590 MPa). It

also has improved toughness at low temperatures.

F11 is used in more demanding environments, such as high-pressure steam systems, hot water lines, and

chemical processing where higher mechanical strength and corrosion resistance are necessary.

F22 – Nickel-Molybdenum Alloy Steel

F22 alloy steel incorporates nickel and molybdenum to enhance high-temperature strength and corrosion

resistance. Typical composition: 0.25% carbon, 0.8% manganese, 0.2% nickel, 0.1% molybdenum, and trace

amounts of other elements.

With a yield strength of 70 ksi (480 MPa) and a tensile strength of 90 ksi (620 MPa), F22 is suitable for

temperatures up to 650 °F (343 °C) and high-pressure applications. It is widely used in power plants, refineries, and

petrochemical plants where both high temperature and corrosion resistance are critical.

F91 – Nickel-Molybdenum-Chromium Alloy Steel

F91 is the premium grade among ASTM A182 alloy steel flanges. It contains nickel (0.25–0.30%), molybdenum

(0.15–0.20%), chromium (0.05–0.10%), and a low carbon content (0.25%). The yield strength is 70 ksi (480 MPa),

while the tensile strength can reach 95 ksi (655 MPa).

F91 excels at high temperatures (up to 1,000 /°F/540 /°C) and high pressures. Its excellent oxidation resistance, creep 

strength, and resistance to sulfidation make it the go-to choice for steam turbines, boilers, and high-temperature

heat exchangers.

Key Material Properties



•  Yield Strength: Minimum force per unit area needed to cause plastic deformation.

•  Tensile Strength: Maximum stress the material can withstand before breaking.

•  Hardness: Resistance to indentation or wear.

•  Toughness: Ability to absorb energy before fracture.

•  Corrosion Resistance: Ability to withstand chemical attack.

•  Temperature Tolerance: Maximum operating temperature without loss of mechanical integrity.

Each alloy grade offers a unique combination of these properties, enabling engineers to match flange material to

the specific demands of their process environment.

Manufacturing & Fabrication

ASTM A182 flanges are typically forged, rolled, or machined from billet or plate. The manufacturing process follows

these key steps:

1.  Material Procurement: Alloys are sourced from certified suppliers who provide chemical analysis and 

mechanical property data.

2.  Forging or Rolling: The base material is shaped into the flange form using forging or rolling machines. 

Forging imparts superior grain structure, while rolling offers better dimensional accuracy.

3.  Heat Treatment: Depending on the grade, heat treatment (normalizing, quenching, tempering) is applied to 

achieve desired mechanical properties.

4.  Machining: The flange head, bolt holes, and mating surfaces are machined to precise tolerances.

5.  Surface Finishing: Flanges may undergo surface treatments such as polishing, pickling, or coating to improve 

corrosion resistance.

6.  Quality Inspection: Dimensional checks, mechanical testing, and chemical analysis are performed to verify 

compliance with ASTM A182.

Manufacturers must adhere to strict quality control protocols, including non-destructive testing (NDT) methods such

as ultrasonic testing, dye penetrant inspection, and magnetic particle inspection.

Testing & Inspection

ASTM A182 defines rigorous testing procedures to ensure each flange meets performance criteria. Key tests

include:

•  Chemical Composition Analysis: Spectroscopy or wet chemical methods confirm alloying elements.

•  Mechanical Testing: Tensile, yield, hardness, and impact tests verify strength and toughness.

•  Dimensional Inspection: Calipers and coordinate measuring machines (CMM) ensure dimensional accuracy.

•  Non-Destructive Testing (NDT): Ultrasonic, dye penetrant, and magnetic particle tests detect internal flaws.

•  Corrosion Testing: Salt spray, cyclic corrosion, or accelerated corrosion tests evaluate long-term resistance.

•  Heat Treatment Verification: Thermocouple data and hardness mapping confirm proper heat treatment.

Certificates of conformity and test reports accompany each batch of flanges, providing traceability and assurance

to end users.

How to Choose the Right Grade

Selecting the appropriate alloy steel flange involves balancing multiple factors. Below is a systematic approach:

1.  Identify Operating Temperature: \n    \n      Below 200 /°C – F1 or F5 may suffice.

2.  200–400 /°C – F5, F9, or F11.



3.  400–600 /°C – F22 or F91.

4.  Above 600 /°C – F91.

•  Acidic or alkaline media – F22 or F91.

•  General water or steam – F1 or F5.

•  Low-temperature corrosive fluids – F9 or F11.
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