Shaping the Future H\WMG

THE UNIVERSITY OF WARWICK

The role of
Oxygen and Hydrogen

In Steels Processing

Dr. Michael AUINGER

GTT - Workshop 2015
Herzogenrath, Aachen, Germany
3 July, 2015




The University of Warwick LSWMG
k.

Warwick is one of the UK's leading universities, with an acknowledged
reputation for excellence in research and teaching, for innovation, and
for links with business and industry.

Established 1965 (now 50t anniversary)

UK University of the Year 2014-2015 (Times)

Ranked 81st-90t in the World (Times Higher Education 2015) and 7t in the UK
Almost 24.000 Students and 5.500 Staff Members in 28 Departments.

THE UNIVERSITY OF

WARWICK



...and where we are. SGWMG

THE UNIVERSITY OF WARWICK

LILWMG

Innovative Solutions
THE UNIVERSITY OF

WARWICK

WMG

The University of Warwick
Coventry CV4 7AL
United Kingdom

THE UNIVERSITY OF

WARWICK



The Steels Processing Group

Prof. S.
Seetharaman
Physical Metallurgy

C. Davis B. Shollock R. Dashwood P. Srirangam R. Bhagat
Mechanics Coatings Director in-situ EChem.

THE UNIVERSITY OF

WARWICK



About myself LSWMG

Education
2009 Doctorate at Johannes Kepler University (Austria)
Chemical Technologies of Inorganic Materials

Postdoc Max-Planck-Institute for Iron Research (Germany)

Now Assistant Professor - Materials Modelling & Computation
M. Auinger
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(Internal) Oxidation Scheme &“WMG
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Properties of Oxygen & VWMG
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Fig. 23. Fe. Diffusion coefficient for O diffusion in o, y and
d-phase Fe vs. (reciprocal) temperature.
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Binary Iron-based Alloys LSWMG

~ Fe, 1 wt-% Al Fe, 1 wt-% Cr

Fe, 1 wt-% Si Fe, 1 wt-% Mn

Figure: SEM and EDX-images of four different binary iron alloys, oxidised at 700 °C for 5 hin N,
[12.5% H,/H,O (DP +8 °C). The red arrow marks the N signal position.
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Programme Algorithm LSWMG
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Diffusion in Different Phases LWMG
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Figures: Shibuya ( 324 ) crossing in Tokyo with green and red pedestrian lights.
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(Oxide) Phase Distributions “WMG
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Figure: Spatial phase distribution in an Fe, 2 wt-% Mn, 0.8 wt-% Cr alloy after oxidation at
p(O,)= 3-10-22 bar and 700 °C for 120 min and ternary phase diagram.
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Oxygen Isotope Distribution “WMG

Fe, 3%Al, 0.8%Cr m Fe, 3% Al, 1%Si m Fe, 1%Si, n.a%t:rm

Figure: ToF-SIMS images of tilted angle (10°) polished ternary alloys after 60 min oxidation at
700°C in Ar/ 2.5 vol-% H, / 0.9 vol-% H,O (**O —red, **O — green).
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Oxidation Depths LIWMG

Alloy GB- Oxidation depth d / de/ d,.
Oxidation Mm
experiment calculatio
n
Fe-2Mn-1Al Yes 8.2 8.9 0.920
Fe-2Mn-0.8Cr Yes 7.4 9.2 0.800
Fe-2Mn-1Si Yes 10.2 10.2 0.993
Fe-3AIl-0.8Cr Slightly 4.5 8.5 0.528
Fe-3Al-1Si No 2.5 8.5 0.294
Fe-1Si-0.8Cr No 2.5 9.9 0.252

Figure: Summary of measured and calculated corrosion depths in ternary alloys after 60 min
oxidation at 700°C in Ar/ 2.5 vol-% H, / 0.9 vol-% H,O (**O - red, *O — green).
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Properties of Oxygen & VWMG
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Fig. 23. Fe. Diffusion coefficient for O diffusion in o, y and
d-phase Fe vs. (reciprocal) temperature.
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Oxides, Nitrides and Al Depletion
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Figure: Calculated time evolution of phases and corrosion depth of Fe, 1wt-%Al slab in N, / 2.5
vol.% H, /0.1 vol.% H,O (left) and SEM image after 300min (right).
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Hydrogen Trapping
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R. Oriani, Acta Metallurgica 18 (1970), 147-157.



Constant Heating Rate
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Figure: Effective diffusion coefficient in an idealised Fe-C alloy. Hydrogen trapping sites were
-58.6 kJ (10 molH m=3), H, = -84 kJ (15 molH m-3).
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Hydrogen Transport JWMG
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Programme Algorithm LSWMG
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Programme Algorithm LSWMG
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Programme Algorithm LSWMG
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Electrochemistry & Pickling
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General Transport Scheme
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Local Corrosion Effects LWMG
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Figure: Cyclic voltammograms in unbuffered solutions of different pH-value.
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Local Corrosion Effects LWMG
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Figure: Cyclic voltammograms in unbuffered solution of pH 7.

THE UNIVERSITY OF

WARWICK



Phosphate Buffered Solution
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The General Modelling Idea “WMG
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