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• The panorama of industrial valves is rapidly changing, with the

transition to solutions able to manage variable operating

conditions during extraction, transport and subsequent

treatments

• Due to high corrosivity, the use of corrosion-resistant alloys is

fundamental to grant system reliability and safety

• As valves are responsible for 60% of the so-called "Fugitive

emissions“, and their production has to meet specific standards

foreseen for chemical and petrochemical plants in order to

prevent losses of Volatile Organic Compounds (VOC).
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• The design of control valves is rapidly moving to the production

of compact and complex geometries, difficult to be produced by

traditional processing technologies.

• Additive manufacturing is exploiting the market and even higher

amounts of parts is now available in automotive and aerospace

industries.
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• Qualification of the material, which plays a key role in the

accreditation of the production technology itself (performance

constraints, microstructural requirements, corrosion…)

• Certification

• According to?Standards

• Mechanical, 
physical

• Corrosion

Materials 
qualification
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Magazines…2018…
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smartechanalysis.com
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Lux Research, 

Advanced 

materials

for E&P



Aims

12

IVS - VALVECampus 2019 Conference

• Study of the mechanical and corrosion behaviour of 3D

printed nickel alloy (Alloy 625) produced by laser

powder bed fusion (SLM – Selective Laser Melting).

• Define role of microstructure and post processing heat

treatments in order to achieve both mechanical and

corrosion resistances, suitable for Oil&Gas applications

• Evaluate the corrosion and stress corrosion cracking

behaviors of 3D alloy compared to hot worked alloy



Why Ni-Alloys?
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smartechanalysis.com
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• Functional prototype manufacturing

• Microstructure analysis (porosity, intermetallics and

second phases) of material produced by different

building strategy and heat treatments

• Mechanical and thermo-physical behaviours

• General and localized corrosion behaviours compared

to forgings

• Fracture toughness and stress corrosion cracking

evaluation



Prototype
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C Si Mn P S Cr Mo Ni Nb Ti Al Co Ta Fe
Nb+T

a
Cu

Hot worked 0.036 0.25 0.19 0.007 21.6 8.26 61.92 3.660 0.243 0.199 3.11 3.67 -

Powder (AM) ≤0.1 ≤0.50 ≤0.50 ≤0.015 ≤0.015 20-23 8-10 ≥58
3.15-
4.15

≤0.4 ≤0.4 ≤1 ≤0.05 ≤5 - -

Composition of Alloy
625 
2.4856 / NiCr22Mo9Nb 
EN 10095

0.03-
0.10

≤0.50 ≤0.50 ≤0.020 ≤0.015
20.00-
23.00

8.00-
10.00

≥58.0
0

- ≤0.60 ≤0.40 ≤1.00
≤5.0
0

3.15-
4.15

≤0.50

UNS N06625  
NACE MR 0175 
ISO15156-
3:2009+Cir.1:2011

≤0.1 ≤0.50 ≤0.50 ≤0.015 ≤0.015 20.0-23.0 8.0-10.0 resto
3.15-
4.15

≤0.4 ≤0.40 - - ≤5 - -

ASME SB 564 ≤0.10 ≤0.50 ≤0.50 ≤0.015 ≤0.015 20.0-23.0 8.0-10.0 ≥58.0 ≤0.40 ≤0.40 ≤1.0 - ≤5.0
3.15-
4.15

-
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Microstructure analisys – As built Alloy 625 
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Heat treatments
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Microstructure analisys – Heat treatments
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Microstructure analisys – Heat treatments
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Tensile tests
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700 °C 24 h WQ

1150 °C 2 h + WQAs-built

1150 °C 2h WQ + 700 °C 24 h WQ 

WQ = Water quenching



Hardness tests
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Heat treatment duration: 2h 

Limit of 35 HRC



Corrosion tests
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• Weight loss

• ASTM G31: Hydrochloric acid, sulphuric acid, phosphric acid 
up to 20% at 20,40 e 60 °C

• Pitting potential
• ASTM G5: 40°C in 35 g/l deaerated NaCl solution

• Critical crevice temperature
• ASTM G48: seawater, initial temperature: 30°C

• Crevice

• ASTM G78

• Intergranular corrosion

• ASTM G28: Boiling sulphuric acid and ferric sulphate for 120 h

• SCC

• ASTM G30-36: Boiling magnesium chloride solution (45%) (155 °C)



General corrosion
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Localised corrosion – ASTM G5 (1N H2SO4)
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Intergranular corrosion – ASTM G28
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LPBF 

As built

LPBF HT

HOT WORKED



Sour tests – As built alloy (ISO 15156-3:2015)
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Air

Sour



Concluding remarks
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The results show:

• the mechanical and corrosion behaviour of 3D printed

alloy 625 produced by laser powder bed fusion.

• the role of microstructure optimisation during the

manufacturing process and post heat treatments to

achieve both mechanical and corrosion resistance

suitable for Oil&Gas.

• the corrosion and stress corrosion cracking behavior of

AD alloy according to the main standards, compared

with hot worked alloy.



Concluding remarks
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• The correlation between unique microstructure of 3D

printed alloys and corrosion morphologies is

addressed.

• The performances comparison between 3D printed and

traditional alloys evidences the need of accurate

material qualification procedures to grant both

performances and safety.
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Thank you!

Do you have questions?


