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Industry/Academia Collaborations — The Good.

High Strength Low Alloy Steels for Sour Service.

Self-inhibiting insulations — Preventing CUI using active corrosion protection. 

Age-hardened Nickel Alloys — Effect of Thermomechanical Processing.

Hydrogen Induced Stress Cracking of 25Cr SDSS.

Industry/Academia Collaborations — The Bad and the Ugly.

Conclusions.
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The Good.



Image Credits: LINK. 4

https://www.vectorstock.com/royalty-free-vector/cartoon-of-businessman-buried-by-problem-he-is-vector-20257595


Experience.

Priorities.

Applications.

Optimization.

Fundamental know-how.

Creative thinking.

Future technologies.

Education.

Regulations.

HSE.
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High return, improved safety, quick turnaround. 

Move decision process in a cost-effective way.

Evaluate new technologies or solutions further.

New product or technology introduction cycle.
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However, cumulative advancements across the value chain can lower cost, improve on-time 

delivery, increase reliability, ensure safety, etc. 

Silver Bridge collapse. On December 15, 1967, the 1460-foot suspended portion of the Silver Bridge collapsed due to environmentally assisted 

cracking. More than 30 vehicles plunged into the water and 46 people died as a result. LINK. 8

https://www.corrosion-doctors.org/Bridges/Silver-Bridge.htm
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First, we focus on problems that affect, 

e.g., production and fabrication. 

Then, we proceed to define the best experimental 

approach to address the problem in the most time 

and cost effective way.
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New technologies & 

Solutions.
High Strength Materials.

Corrosion Resistant Alloys.

Corrosion management.
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Challenging ISO 15156.
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Yield strength rarely exceeds 80–85 ksi (550–586 MPa) 

for HSLA steels in sour service.

The most common line-pipe steel grade is API X65, with 

an SMYS = 65 ksi (448 MPa)
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HPHT:  P > 103 MPa, T > 177 °C  Arctic fields: T < -60 °C

Photo credit: https://bit.ly/2FaWMYj



16

690 – 725 MPa (100-105 ksi)

Specified Minimum Yield Strength

H >> 12 cm (5 inch)

High Hardenability

CVN = 100 J @ -60 °C

DBTT = -60 °C

Excellent Toughness

“Good” weldability

Intermediate Sour Service

CVN: Charpy V-notch impact energy.

DBTT: Ductile-Brittle Transition Temperature.
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HY-100

HSLA-100

P690 QL2

S690 QL

Shipbuilding steel Pressure vessel/structural steel

Nuclear Industry: A508 Gr.4N
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The sub-surface H concentration in the lattice and trap sites (COR) was found to be >70 times 

higher in the presence of H2S than in samples cathodically polarized to -1.1 VAg/AgCl in seawater.

• B.J. Berkowitz, H.H. Horowitz, Journal of The Electrochemical Society 129, 3 (1982): p. 468-474.

• H. Husby, P. Wagstaff, M. Iannuzzi, R. Johnsen, M. Kappes, Corrosion 74, 7 (2018): p. 801-818.

• M.J. Cancio, B. Giacomel, G. Kissner, M. Valdez, F. Vouilloz, "High Strength Low Alloy Steel for HPHT Wells," Offshore Technology Conference-Asia,  paper no.  OTC-24746-MS (Kuala Lumpur, Malaysia: 

Offshore Technology Conference, 2014).

Sour service

5% NaCl + 0.5% CH3COOH pH = 2.7 @ EOC

Region 1

0.18 ppm
1 μA⋅cm-1

Region 2

0.30 ppm
1.6 μA⋅cm-1Region 3

0.75 ppm
4 μA⋅cm-1

Cathodic protection

0.01 

ppm

Seawater @ -1.1 VAg/AgCl

DEFF ≈ 7⋅10-6 cm2⋅s-1

SS EFF OR
J L D C = 
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Samurai Sword Museum 

Japan Steel Works.

Siderforgerossi Headquarters

Arsiero, Italy.



C % Mn % Si  % P % S  % Cr % Ni % Mo % Cu % Al %

0.23 0.2-0.4 0.4 0.02 0.02 1.5-2.0 2.8-3.9 0.4-0.6 0.25 0.025

Ti % V % Nb % Ca % B % SMYS (KSI) CE %

0.03 0.03 0.01 0.015 0.003 100 0.9-1.1

Example of a 128 ton component made 

from ASTM A508 Gr. 4N.

Girth welding operation!
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C % Mn % Si  % P % S  % Cr % Ni % Mo % Cu % Sn %

0.13 0.70 0.33 0.006 0.004 0.47 0.83 0.52 0.09 0.006

Al % Ti % V % Nb % Zr % B  % Ca % N  % Nb % CE %

0.038 0.001 0.005 0.001 0.001 0.0005 0.0003 0.0083 0.002 0.507
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Commercial HSLA steel 

grades – “As received.”  

HSC under cathodic 

protection.

SSC under simulated H2S 

conditions.

Phase 1

Research-grade low alloy 

steels.

Optimize microstructure 

through heat treatment.

Sour service performance 

with differing Ni contents.

Phase 2

HSC: Hydrogen Stress Cracking & SSC: Sulfide Stress Cracking. 
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Proof Rings, Slow Strain 

Rate Testing, and 

Custom rigs.

H2 Research 

Microbial Corrosion &

Hydrogen Embrittlement.

High pressure 

autoclave testing.



Preventing CUI using active protection.
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27[1] B.J. Fitzgerald, S. Winnik, J. Prot. Coatings Linings. April (2005) 52–57.

G. Hart, Insulation.org, 2014Corrosionpedia.comCoatingsystems.com123rf.com



28https://info.aerogel.com/hubfs/Corrosion%202%20(2).jpg

Inspection and maintenance are vital 

to minimize risks, but insufficient.

NACE SP 0198: corrosion inhibitors and cathodic 

protection are less effective than coatings. 
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A. Kulprathipanja, M. Jones, K. Melton, The comprehensive results from "real-

world" corrosion under insulation test protocols, 2018.

D. Shong, “Understanding Insulation Chemistry Proven to Inhibit Corrosion Under 
Insulation (CUI),” Corrosion 2017, paper no. 8876.

° °

Silicate-containing insulations 

(Calsil, Expanded perlite).

B. Bavarian et al., “’ Protection Effectiveness of Vapor Corrosion Inhibitor for 
Corrosion Under Insulation”  CORROSION 2015, Paper No. 5448. 

° °

Volatile corrosion inhibitor.
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Water industry & concrete reinforcement. Packaging industry.

Silicate-containing insulations 

(Calsil, Expanded perlite).
Volatile corrosion inhibitor.

pH neutralizing 

effects

Precipitation of 
Fe2(SiO3)3

Film forming 

corrosion inhibitor 

(Alkyltriazole)
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WE1 WE2

ZRA

Data logger

PC

Test duration: 7 d 

Assessment: Electrochemical noise technique (sampling frequency 2 and 5 Hz).

Potentiostat and Zero Resistance Amperemeter.  
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In-situ CUI monitoring

Insulation dry-out

Corrosion rate

Electrochemical noise

Impedance 
measurements

Surface pH 
measurements

Ex-situ analysis

Corrosion rate

Weight loss

Pitting corrosion

Corrosion product 
characterization

SEM/EDS

XRD, XPS



Effect of Thermomechanical Processing.
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38Electrolyte: 200 g KCl, 50 g citric acid, 200ml HCl, and 1000 ml H2O solution. 



Effect of cold work.
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Z-IPF map KAM map

Ferrite

Austenite
Crack shape as in the SEM image.

Zero results: highly deformed areas and grain boundaries

Phase map



The Bad and the Ugly. 
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Industry/academia collaboration creates a virtuous innovation cycle that 

trickles down to different layers of society.  

Open and collegial interpersonal relationships are the foundation of successful 

collaborations.

Openly sharing information through publications, conferences, procedures, 

etc. is paramount to maintain a high-level of engagement with academia.

Intellectual property rights and royalty models shall be addressed upfront.

The Chevron and Woodside Chair in Corrosion alliance is an example of a 

successful long-term commitment to strategic research aimed at solving 

pervasive, recurrent corrosion problems.




