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• Comparison of different international standards
• Microstructure

» Phase balance (Ferrite content)
» Intermetallics
» Nitrides

• Stress relief
• Conclusions

• Mechanical Properties

» Impact testing

» Transverse tensile test

» Hardness testing
• Pitting Corrosion Testing

» ASTM G48 (immersion test in FeCl3 with optional addition of Hcl)

» ASTM G150 (Avesta cell)

• Intergranular corrosion testing

• Welding Procedure Qualification
• Welding recommendations

Outline
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Allowed Ferrite 
content by 
different 

standards
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• Is there a scientific basis for this requirement?
• Is there a scientific basis for the difference in the 

requirements between the different standards
• Does it depend on the different application areas 

(i.e. petrochemical, oil and gas etc.)

What is the origin of the 30-70% requirement?
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Illustration of possible consequences of extremely unbalanced duplex microstructures 

90% ferrite 10% ferrite
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What is the origin of the 30-70% requirement?
Understanding the effect of ferrite Content

Confounding effects
Difficult to separate the effect of ferrite content alone
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Explanation of tie line for a binary alloy system

Corrosion resistance of several 
multicomponent tie line alloys (2205)

Evidence for the absence of a ”per se” effect of ferrite content
Specially tailored alloy compositions with different ferrite contents but 
same compositions of the ferrite and austenite phases 
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What could be the possible reason for a specification of 25-60% ferrite in API 938C?
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30 -70% ferrite - Are they ”soft” or ”hard” limits?

Should the mean and 95% confidence limits be in the 30-70% range?
For impact testing, EN ISO 15614:2017 says:

An excerpt from EN 13445-4:2016:

Does this mean that the acceptable range is 25-75% in reality?

Required precision : 20% relative accuracy as per ISO 17781:2017.
This is much higher than the 5% above.

To resolve this question, can property tests be performed for borderline ferrite contents?
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Code reqmts. For Intermetallics
Standard Year Addl. Requirement
Norsok M630 2010 Base matl. 

Offshore piping
Free from intermetallics

Norsok M630 2013 - “ Free from detrimental intermetallics and precipitates

DNV-FS-101 2013- Submarine
piping

σ < 0.5%; total < 1%

ISO 1516-3 2015 Oil & gas σ < 0.5%; total < 1%

Norsok M-601 2016 Piping welds Total < 0.5%

ISO 17781 2017 Petrochemical Max dimension < 10 µm
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ISO 17781:2016
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ISO 17781:2017

No differentiation 
between
as-welded and 
solution annealed
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Hydrogen Induced Stress Cracking (HISC)
ISO 17781:2017

Influence of nitrides

• Nitride precipitation can decrease resistance to hydrogen 
embrittlement in components under cathodic precipitation.

• Quantitative determination of nitrides is impractical.
• Suitable design to limit service stresses and strains.
• Quality control best achieved by meeting impact and corrosion 

properties in the spec.
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Little known tip in EN 10028-7:2016

(pleasant surprise)

for Stress Relieving of Weldments
For carbon and alloy steels, post weld stress relief is done by heating in a furnace to a 

temperature of about 600°C. For duplex stainless steels, they would have to be heated to a 

temperaure between 1000 – 1100°C.

Usually, max interpass temperature is 100 - 150°C

Preheating to about 200ºC! – Partial stress relief

Reason: σRp0.2   about 50-70% of that at room temperature

But this will require much lower heat inputs than normal.

Plus, special procedure qualification necessary

Duweltool Seminar Jernkontoret 20/02/2020



15

• An important aspect of duplex standards is that they attempt to base the requirements on 
the microstructure.

• In principle, this is right because the properties are dependant on the microstructure.
• But the microstructure-properties relationship is an inexact one.
• There is considerable uncertainty in the quantitative measurement of microstructural 

features.
• This explains the fuzziness of the requirements in the standards and in the differences 

between them.
• We should actively cooperate in working together (research institutes, universities and 

industry) in sharing data and identifying significant questions which require clarifications. 
The Duweltool project is one milestone activity on this path. 

• Aim for the future – further develop the app to be able to satisfy many of the requirements 
in the standards. 

Conclusions
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