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BASIC DEFINITIONS – Energy transition and EAC



Energy transition 

· From Watt energy transition – SCC as cause of steam boilers explosions – 
mitigated by new welding technologies (Between the years 1760-1820, the Industrial Revolution took 
place in Great Britain)

· Present - Alternative energy sources (renewable) – new application 
conditions required, much more agressive or unknown (unexpected damage 
mechanisms)

▪ Pure hydrogen at high pressure – Generation (green), transport and 
storage 

▪ H2S build up and ageing facilities – pipeline grid worldwide – gas 
sources

▪ CO2 at high P and T – supercritical conditions, contaminants  
(greenhouse effect and oil and gas sector focus on better compliance) 

▪ Molten salts



GLOBAL SCENARIO

▪ EUROPE – ageing gas pipeline grid / H
2
S build-up / CO

2
 management

▪ BRASIL – CO
2
 Presalt – reinjection /storage/transportation

▪ BRASIL – Green hydrogen – huge investiment on eolic/electrolysis

▪ US – Wind to Power 



WIND TO POWER



Hydrogen production pathway 



Examples of wind electrolysis being produced centrally
or distributed at the point of use 



    CARBON CAPTURE 
AND STORAGECarbon Capture and Storage (CCS) is a key available technology to mitigate emissions from 

large-scale fossil fuel use. 



BASIC DEFINITIONS – EAC 

▪ Stress Corrosion Cracking

▪ Hydrogen embrittlement

▪ Corrosion fatigue 

Minor players - Corrosion erosion/liquid metal embrittlement/fretting corrosion, etc....

All together sometimes 



CO2 CORROSION – SCC  



CO2 environments – Materials issues

Low temperature fracture that can lead to sudden and catastrophic 
failures. Joule Thompson effects – low ductility under cryogenic 
conditions. Besides, supercritical CO

2
 can make CCS pipelines more 

susceptible to cracking

CO
2
 corrosion  - general aspects 

Hydrogen embrittlement 

CO
2
 Stress Corrosion Cracking – ANP warning issued in Brasil 2017



CO
2
 Corrosion   

Starting from CO
2
 corrosion basic knowledge (De Waard pioneer model) 

Confinement conditions, saturation ratio and precipitation under very low V/S 
conditions 

Loading conditions or loading history – Static/Dynamic/ Mixed

Surface condition as a key factor to be considered. Will depend on time, temperature, iron concentration and CO
2
 fugacity – Precipitated 

iron carbonate film morphology, adhesion, chemical and electrochemical stability. Surface morphology of the metal surface underneath 
the FeCO

3
 film. In order to preserve the wire texture, segments of full thickness wires are used as working electrodes on mechanical 

tests in corrosive environments. 

 



CO
2
 SCC    

From literature review, specific “knowledge packages” could be identified

1) Old school people from Germany investigated the so called “fire extinguisher steel 
failure analysis”. Schmitt and others. At least one of the steels tested is comparable to 
the flexible wire steel (C about 0,3%)

2) Near neutral SCC (NNSCC) – origin in Canada from buried pipeline failures. 
Investigated for several decades. Based on concepts introduced by Parkins (Newcastle 
Upon Tyne). Search of similarities between FSCC and cracking produced at the 
interface coated steel/soil. 

3) Side approach considering the contribution of carbon monoxide (CO) to cracking. 
Not considered into the frame of FSCC investigation. Papers from 1976 to 2023

4) New approach, after 2017, ANP technical note. Conducted by flexibles 
manufacturers, operators and R&D institutions, going from test of materials to full 
scale tests. 



Safe conditions limits are pulling down

HE embrittlement – expected concentration – diffusion models and others

SCC CO2 – expected concentration – diffusion models and others 

EAC – FLEXIBLE PIPELINES



OUR BACKGROUND - LABCORR  



HPHT (SSRT)
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SSRT of machined tensile armor wires in simulated annulus conditions

Localized corrosion
Cracks

Influence of 
the filmed 
surface

Simulation of annular space of flexible 
pipes and 4-point bend tests



CREVICE CORROSION – 4 POINT



HYDROGEN PERMEATION



SURFACE ANALYSIS

OPTICAL MICROSCOPY CONFOCAL MICROSCOPY SEM/EDS 



ADDITIONAL TECHNIQUES   

A) Tomography

B) Digitalization

C) Electric potential drop

D) Fretting corrosion tests – Zeta wire

E) Phased array US  
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POTENTIAL DROP - (PD)

Bipolar operational 
power

Amplifier 
Lock-in

Fig 3 (a) Equipments used for potential drop method.(b) 
Schematic representation of PD technique. 

PD inspection methods:

• ACPD (Alternating current 

potential drop): Detection of 

internal and surperficial defects. 

(e.g. localized corrosion and 

SCC-CO2).

•  DCPD (Direct current potential 

drop): Detection of internal 

defects. (e.g. HIC cracks)

(a)

(b)



▪ Results

3D tomography image from a tensile 
wire after being exposed to an H2S 

solution. 
Tomography images (a) Cross-section. (b) Coronal plane. 

▪ Conclusions →  it is possible to use tomography to detect, locate and dimension internal 
cracks in armor wires that have been exposed to a corrosive environment. 

TOMOGRAPHY



TOMOGRAPHY



HPHT tests (Static and RCage/RCE)



H2S test system



Erosion-Corrosion System

Contribution of erosion and corrosion components of degradation drawing attention to 
the influence of the sand particles on inhibitor performance at 100 ppm.



Electrochemical treatment of wastewater



Under deposit Corrosion System

Relative increase of 
corrosion rate

460X

8352 h



In the acquisition process

HandyScan – Scanner 3D Pypecheck and 
PolyWorks Software



FIELD ACTIVITIES - SCANNER 3D



 
The analysis includes tribocorrosion assessments performed in tribometer and characterization 
of surfaces under wear and corrosion conditions, in relative motion and loading. In this field our 
main evaluations are in flexible pipes and in the biomedical area such as dental and orthopedic 
implants.

TRIBOCORROSION 



Electrochemical conversion cell for H2S removal

Phase 1  - Development of Electrochemical treatment process of refinery sour water with 
co-product generation

Tested materials:

� Carbon steel
� Nickel → high anodic and cathodic current densities 
� Titanium
� Graphite
� Platinum

Results: H
2
S removal and H

2
 generation

APPLIED ELECTROCHEMISTRY - INTEGRITY MANAGEMENT   
  



Phase 2 : Improvement of alternative electrochemical technology for the treatment of sour water 
generated in refineries

Parallel plate electrochemicalreactor – bench scale

Tested materials for N-NH
3
 oxidation:

� Platinum – high electro-activity
� DSA® - high electro-activity and higher affinity 

for ammonia
� Nickel – corrosion 
� Anodized Al – no satisfactory corrosion 

resistance or electrochemical activity 
� Graphite – undefined parallel reactions

Variations in NH3-N content according to the NaOCl injection system. Test 1: NaOCl added at the 
beginning of the process; Test 2: NaOCl added at the beginning and at two additional occasions 

during the process; Test 3: NaOCl added at the beginning and once more during the process. 
Intermediary NaOCl injections are indicated by the squares. 

COD removal from the electrochemical treatment. 

APPLIED ELECTROCHEMISTRY - INTEGRITY MANAGEMENT   
 



Phase 3 : Improvement of alternative electrochemical technology for the treatment of sour water 
generated in refineries – Optimization of the Electrochemical Reactor

B)

APPLIED ELECTROCHEMISTRY  - INTEGRITY MANAGEMENT   

Main results: 
• The electro oxidation of NH3-N species was found to be reversible, indicating the formation of 

co-products
• H2 sensor improvement enabling field use



2022 - Experimental 
investigation of CO

2
 

SCC using SSRT as a 
screening tool to 
spot the influence of 
key parameters – 
pCO

2
, T and strain 

rate. 



2022 – CO
2
 

corrosion under 
supercritical 
conditions. 
Peculiar corrosion 
mechanisms in 
different 
Supercritical CO

2
 

phases (aqueous 
and gas) 



2022 - Interaction of 
polymeric materials 
and steel leading to 
localized corrosion 
and possible 
evolution to 
cracking



2021 Physicochemical 
conditions leading to 
Near Neutral SCC 
susceptibility in 
confined conditions 
of CO

2
 corrosion – 

assumed to be one 
basic requirement for 
SCC CO

2



2021 - EAC results in 
mixed H

2
S/CO

2
 

environments, 
showing different 
hydrogen 
embrittlement 
mechanisms. 
Potential control 
within immunity 
corrosion domain



2020 – Several 
integrated 
techniques to assess 
hydrogen 
embrittlement 
susceptibility – 
mechanical tests in 
corrosive 
environments, 
hydrogen diffusion, 
including image 
processing tools. 



2020 – Similar 
experimental 
approach in pure CO

2
 

environment carried 
out under cathodic 
polarization using 
mechanical tests, 
hydrogen diffusion to 
confirm the influence 
of hydrogen 



2019 – Corrosion 
inhibitor (green) 
as mitigation 
technology in 
CO

2
 

environments. 

 



2019 - Cracking in 
pure CO

2
 

environments is 
possible even with 
low carbon steels 
(API X65) and 
hydrogen is part 
of the cracking 
mechanism 
behind. 

 



APPLIED ELECTROCHEMISTRY - INTEGRITY MANAGEMENT   
 



APPLIED ELECTROCHEMISTRY - INTEGRITY MANAGEMENT   
 



APPLIED ELECTROCHEMISTRY - INTEGRITY MANAGEMENT   
 



� Materials in ageing systems – compliance with new demands - asset 
integrity, EAC stability.

� Impact of materials on ongoing projects – asset integrity, EAC stability  
and safe conditions. New materials (qualification, NDT tools, repair)

� Alternative electrochemical process – including the use of depolarizers 
and alternative energy sources. 

� Alternative (tailored) materials for hydrogen production, separation and 
storage. 

� Follow-up the Green Energy Era – just in case

IMPACTS 



KNOWLEDGE INTEGRATION

▪ ELECTROCHEMISTRY
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▪ NUMERICAL MODELLING  

▪ NDT
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▪ ARTIFICIAL INTELIGENCE – DATA AND TEXT MINING

▪ OTHERS



Thanks for your time and 
atention!! 


