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In the realm of high-temperature engineering and power generation, materials must withstand extreme thermal 

stresses, corrosive environments, and the relentless progression of creep. Among the most reliable alloys used for 

these demanding conditions is 1.7380, also known by its chemical designation 10CrMo9-10. This chromium-

molybdenum alloy steel is a cornerstone in the construction of boilers, pressure vessels, and turbine components. 

Classified under the EN 10273 and EN 10216-2 standards, and frequently cross-referenced with the American 

ASTM A335 P22 or A182 F22grades, 1.7380 offers a precise balance of weldability, creep resistance, and

mechanical strength.

This technical analysis provides an exhaustive look into the metallurgical properties, heat treatment protocols, and

industrial applications of 10CrMo9-10, serving as a definitive guide for materials engineers, procurement

specialists, and structural designers.

1. Metallurgical Framework and Chemical Composition

The performance of 1.7380 is dictated by its specific alloying elements, primarily Chromium (Cr) and 

Molybdenum (Mo). Chromium provides the necessary oxidation resistance and hardenability, while Molybdenum 

significantly enhances the material's creep-rupture strength at elevated temperatures. Unlike standard carbon 

steels, the addition of these elements allows the material to maintain its integrity at service temperatures reaching 

up to 580&deg;C (1076&deg;F).

The following table outlines the chemical composition requirements for 10CrMo9-10 as per the European EN

standards:



Element Percentage (%) Range

Carbon (C) 0.08 - 0.14

Silicon (Si) max. 0.50

Manganese (Mn) 0.40 - 0.70

Chromium (Cr) 2.00 - 2.50

Molybdenum (Mo) 0.90 - 1.10

Phosphorus (P) max. 0.025

Sulfur (S) max. 0.020

The Role of Chromium and Molybdenum

The 2.25% Chromium content is critical for forming a stable protective oxide layer, which prevents the steel from 

scaling in high-temperature steam environments. Molybdenum acts as a solid-solution strengthener and also forms 

stable carbides (such as M23C6) that pin grain boundaries, effectively slowing down the dislocation climbthat

characterizes creep deformation. This synergy makes 1.7380 far superior to lower alloy grades like 13CrMo4-5

(1.7335).

2. Mechanical Properties and High-Temperature Performance

Engineers select 1.7380 primarily for its mechanical stability. At room temperature, the material exhibits high 

ductility and toughness, but its true value lies in its Yield Strength and Tensile Strengthat temperatures

exceeding 400&deg;C.



Property Value (at Room Temp)

Tensile Strength (Rm) 480 - 630 MPa

Yield Strength (ReH) min. 280 MPa

Elongation (A5) min. 18%

Impact Energy (ISO-V) min. 31 J

Temperature-Dependent Yield Strength

As service temperatures rise, the permissible stress levels for 10CrMo9-10 must be downgraded according to

established safety factors. The following is an approximation of the minimum 0.2% proof strength at elevated

temperatures:

•  300&deg;C: 205 MPa

•  400&deg;C: 175 MPa

•  500&deg;C: 140 MPa

•  550&deg;C: 110 MPa

3. Creep Resistance and the Larson-Miller Parameter

In power plant design, the lifetime of a component is often dictated by creep&mdash;the slow, permanent 

deformation of a material under constant stress at high temperatures. For 1.7380, the creep rupture strength is a 

fundamental design criterion. To predict the long-term behavior of 10CrMo9-10, engineers utilize the Larson-Miller 

Parameter (LMP).

The formula for LMP is defined as:

LMP = T(C + log t<sub>r</sub>)

Where:Ð

- T is the absolute temperature (in Kelvin or Rankine).Ð

- C is a material constant (usually around 20 for this alloy).Ð

- t<sub>r</sub> is the time to rupture (in hours).

By using this model, designers can determine that at 500&deg;C, a stress level of approximately 80 MPa will lead 

to a 100,000-hour rupture life. This predictability is what makes 1.7380 a preferred choice for superheater tubes 

and main steam piping in coal and gas-fired power stations.

4. Fabrication: Heat Treatment and Welding Procedures

10CrMo9-10 is a perlitic-ferritic steel that is sensitive to cooling rates. Proper thermal processing is mandatory to

achieve the desired microstructure and prevent hydrogen-induced cracking (HIC) during welding.

Standard Heat Treatment Cycles

1.  Normalizing: Heated to 900&deg;C - 960&deg;C, followed by cooling in air or in a protective atmosphere. 

This refines the grain structure.

2.  Tempering: Heated to 680&deg;C - 750&deg;C. This is crucial for achieving the required toughness and 



reducing internal stresses.

3.  Stress Relieving: Typically performed after welding at temperatures slightly below the tempering temperature 

(approx. 650&deg;C - 700&deg;C).

Welding Guidelines

Welding 1.7380 requires strict adherence to preheat and post-weld heat treatment (PWHT) protocols. Because the

alloy has high hardenability, the heat-affected zone (HAZ) can become brittle if cooled too quickly.

•  Preheating: Depending on the wall thickness, a preheat of 200&deg;C to 300&deg;C is generally required to 

drive off moisture and slow down the cooling rate.

•  Filler Metals: Use low-hydrogen consumables such as E9018-B3 (for SMAW) or ER90S-B3 (for GTAW/

GMAW). These filler metals match the 2.25Cr-1Mo composition of the base metal.

•  PWHT: Post-weld heat treatment is mandatory for most pressure vessel codes (such as ASME Section VIII or 

EN 13445). It ensures the HAZ is tempered to a hardness level typically below 240 HV, reducing the risk of stress 

corrosion cracking.

5. Global Equivalents and Standards Comparison

In the global supply chain, material specifications often transition between European (EN) and American (ASTM/

ASME) standards. Understanding these equivalents is vital for international projects.



Standard Grade Designation Product Form

EN 10216-2 / 10273 1.7380 (10CrMo9-10) Tubes / Bars / Forgings

ASTM A335 P22 Seamless Pipe

ASTM A182 F22 Forged Flanges & Fittings

ASTM A213 T22 Boiler / Superheater Tubes

DIN 10CrMo910 Old German Standard

While these grades are often treated as interchangeable, it is important to check specific project requirements, as

there may be subtle differences in the maximum allowable phosphorus and sulfur content or specific impact testing

requirements between EN and ASTM standards.

6. Resistance to Hydrogen Attack (Nelson Curves)

In the petrochemical industry, 1.7380 is frequently used in hydroprocess units where the steel is exposed to high-

pressure hydrogen at elevated temperatures. In such environments, carbon steel is susceptible to High-

Temperature Hydrogen Attack (HTHA), where hydrogen reacts with the carbon in the steel to form methane gas.

This creates internal fissures and catastrophic failure.

The 2.25% Chromium and 1% Molybdenum in 10CrMo9-10 provide significantly higher resistance to HTHA 

compared to carbon-moly steels. According to the API RP 941 (Nelson Curves), 1.7380 can safely operate at

much higher partial pressures of hydrogen and higher temperatures, making it a staple for desulfurization reactors

and hydrocrackers.

7. Case Study: Failure Modes and Troubleshooting

Despite its robustness, 1.7380 is not immune to failure if operated outside its design envelope. Understanding

these failure modes is essential for maintenance and life-extension programs.

Graphitization

While 1.7380 is more resistant than carbon steel, prolonged exposure to temperatures above 425&deg;C can lead 

to graphitization, where the iron carbides break down into graphite nodules. These nodules weaken the steel.

However, the high Chromium content in 10CrMo9-10 effectively inhibits this process, which is why it is preferred

over the lower-chrome P11 (1.25% Cr) grade.

Creep Cavitation

In aging power plants, 1.7380 components may develop micro-voids at the grain boundaries, known as creep 

cavitation. Non-Destructive Testing (NDT) , such as surface replication (metallography), is used during plant

outages to detect these voids. If the cavitation progresses to "macro-cracking," the component must be replaced

immediately to avoid a steam explosion.

Thermal Fatigue

In plants that undergo frequent start-stop cycles (cycling plants), the thick-walled sections of 1.7380 headers can 

suffer from thermal fatigue. The relatively low thermal conductivity of the alloy (compared to carbon steel) leads to 



high temperature gradients and resultant cyclical stresses. Proper ramp-up and cool-downprocedures are the

primary defense against this mode of failure.

8. Implementation Field Guide: Selection and Procurement

When specifying 1.7380 for a project, several critical factors must be addressed in the Purchase Description to

ensure quality:

1.  Certification: Require EN 10204 3.1 or 3.2 certification to verify chemical and mechanical properties.

2.  Hardness Limits: Specify a maximum hardness (e.g., 225 HB) to ensure the material is in a fully tempered 

condition.

3.  Grain Size: For high-temperature creep applications, a coarse grain size is sometimes preferred, whereas for 

toughness at lower temperatures, a fine grain size is better.

4.  NDT Requirements: Specify ultrasonic testing (UT) for thick plates or forgings to check for internal 

laminations or inclusions.

Comparative Evaluation: 1.7380 vs. 1.4903 (P91)

For even higher temperatures (up to 620&deg;C), engineers may consider Grade 91 (1.4903). However, 1.7380

remains more common due to its lower cost and easier fabrication. P91 requires much tighter control over heat

treatment and is more susceptible to "Type IV" cracking in the weld zones.



Feature 1.7380 (10CrMo9-10) 1.4903 (X10CrMoVNb9-1)

Max Service Temp ~580&deg;C ~620&deg;C

Weldability Good (with preheat/PWHT) Difficult (Extremely sensitive)

Relative Cost Baseline (1.0x) Approx. 2.5x - 3x

Creep Strength Moderate-High Very High

9. Summary of Engineering Implications

The material 1.7380 (10CrMo9-10) represents a peak in the evolution of low-alloy steels. Its chemical synergy of

Chromium and Molybdenum provides a robust defense against the primary enemies of high-temperature

equipment: oxidation, creep, and hydrogen attack. While the industry is seeing a shift toward high-chromium

martensitic steels (like P91) and nickel-based superalloys for ultra-supercritical power plants, 1.7380 remains the

"workhorse" for standard power generation and chemical processing units worldwide.

Its reliability is not just a product of its chemistry, but also of the rigorous standards governing its fabrication. By

strictly adhering to normalized-tempered heat treatments and mandatory post-weld stress relief, engineers can

ensure that components made from 1.7380 deliver a service life exceeding 25 years. As energy demands continue

to grow and existing infrastructure ages, the technical mastery of this alloy will remain a vital competency for

engineers across the globe. Whether used in a boiler drum, a high-pressure steam pipe, or a chemical reactor,

1.7380 stands as a testament to the effectiveness of precision metallurgy in the face of extreme operational

demands.
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