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HYDROGEN ASSISTED CRACKING IN OFFSHORE APPLICATIONS
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HYDROGEN ASSISTED CRACKING AND DEGRADATION

- HAC: well known for more than 150 years

- HACrelateddegradation of the properties more in terms of ductility than in strength
- Realmetallurgicalmechanisms have not yet beenclarified

= Generalagreement: HAC cannot be explained by a single mechanism
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— Theories and models validation by macroscale H-sensitive methods and
microscale observations by indirect methods
— Microscale H-sensitive methods are required



INTRODUCTION ; B A M

HYDROGEN SENSITIVE METHODS IN THE MICROSCALE

« Veryfewdirect approaches toimage the hydrogendistributionin the microstructure
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[Criesche et al. 2014] [lzawa, 2014] [Unger et &l. 2012] [Takahashi et al. 2012]

Neutron tomography:107um ToF-5IM5:10-2pm Atom-probe tomography: 10-4um

* The betterthe spatial resolution, the more complicated the sample preparation
and experimental setup become.

» Deuterium (D, 2H) is mostly used as a tracer for hydrogen (H)
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ToF-5IMS analyses for chemical distribution
+ Comprehensive investigations by
supplementary techniques (for structural
and microstructural characterization)
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Supplementary techniques:
*  HR-S5EM: microstructure characterization

« EBSD: structural characterization
* FIB: cross-section preparation
Use of deuterium (D, 2H) as a tracer for hydrogen (H)
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Mechanical In-situ electrochemical permeation of
load deuterium through the microstructure during
ToF-5IMS analyses for chemical distribution
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Supplementary techniques: soumo
* HR-SEM: microstructure characterization

« EBSD: structural characterization
* FIB: cross-section preparation
Use of deuterium (D, 2H) as a tracer for hydrogen (H)
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Mechanical “ Electrochemical charging

load ¢ In-situ ToF-5IMS analyses during mechanical
load for monitoring the change in the
chemical distribution

Hydrogen
Assisted
Cracking

Microstructure Hydrogen
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Supplementary techniques:
« HR-SEM: microstructure characterization

« EBSD: structural characterization
* FIB: cross-section preparation
Use of deuterium (D, 2H) as a tracer for hydrogen (H)

Sample
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DATA POST-PROCESSING AND DATA FUSION

Multvariate data analysis by

2 BAM
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STANDARD AND LEAN DUPLEX STAINLESS STEEL

Steeltype | Fe

0.14-0.20

Normal Direction (ND)
- Rolling Direction (RD)

Transverse Direction (TD)

Diffusivity for D Solubility for D
BCC

Ferrite

FCC

Austenite

[Santos et al. 2016] 11
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Results I:

Ex-situ SIMS/SEM/EBSD experiments
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S5 2205: EX-SITU ANALYSES AND DATA FUSION

ToF-5IMS topography fusion image ToF-5IMS topography fusion image

» Differencesin deuterium concentration betweenferrite [8] and austenite [y]
» Blisters in the ferrite, parallel cracking in the austenite

» Enhanceddeuteriumconcentration at highly deformed regions (blisters,
cracks, interfaces).

» The formation of blisters in the ferrite originates at the 8-y interface

[Sobol et al. 2016] 13
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DSS 2205: Ex-SITU ANALYSES AND DATA FUSION

ToF-5IMS topography fusionimage FIB cross section

Deposited Pt

Ferrite

Austenite

« Differencesin deuterium concentration betweenferrite [8] and austenite ly]
« Blisters in the ferrite, parallel cracking in the austenite

« Enhanceddeuterium concentration at highly deformedregions (blisters,
cracks, interfaces).

« The formation of blisters in the ferrite originates at the 8-y interface

[Sobol et al. 2016] 14
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PHASE TRANSFORMATION OF THE AUSTENITIC PHASE — DS52205

* Yy inDS5 2205: HCP phase and parallel cracks

YecctH— Yecc +H— Eyep
ductile > brittle

[Sobol et al. 2016]
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Results ll:

In-situ ToF-SIMS experiments

* Permeation
* Mechanical loading
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DSS 2205: IN-SITU PERMEATION

-SIMS, D- detection

28 days 34 days 37 days (other location)

« Bright regions: deuteriumindicating largerconcentrations in the ferrite.
* FEvidently demonstrates that the ferrite is fastdiffusion path.

[Sobol et al. 2016] 17
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DSS 2205: IN-SITU PERMEATION

+5IMS: P,
Data set with all
matrix related S|

Ferrite: dark
Austenite: bright

[Sobol et &l. 2016]
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DSS 2205: IN-SITU MECHANICAL LOADING
% Initial cooling
+ Imaging theinitial state

+ Applying maximal load above the
ductile-brittle transition temp.

(DBTT)

+ Imaging at low temperature
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[Sobol et al. 2018]
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REsuLTs
DSS 2205: IN-SITU MECHANICAL LOADING
% Initial cooling

+ Imaging theinitial state

+ Applying maximal load above the
ductile-brittle transition temp.

(DBTT)

+ Imaging at low temperature
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0SS 2205: IN-SITU MECHANICAL LOADING
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IN-SITU MECHANICAL LOADING

* PBrittle austenite * [rackorientation
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« Blistering in the ferrite can be explained by the trapping of deuterium at the
interface

« Significant brittle cracking of the austenitic phase can be explained by
extensive twinning and martensitic phase transformation

* Uptake of deuterium around cracks at the surface might occur due to the
deformation of the microstructure in both phases

» Locally strain enhanced accumulation of deuterium (in-situ mechanical loading)

* |teration of the loading process allows more deuterium to be transported into
regions of high strains (in front of the notch)
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