. . . -
A review of publlshe.d models to predict the OWMG
extent of surface oxidation THE UNIVERSITY OF WARWICK

Nicola Beech?, Michael Auinger? “'{LRapid Alloy Prototypingﬂ EPSRC o |"‘ Cinoraiy W
* WMG, University of Warwick, Coventry, CV4 7AL, UK A PROSPERITY PARTNERSHIP overgeeeses TAT \ anoiae WARWICK
1 B k d (NON-WETTABLE SURFACE) BARE SPOT (DEFECTS)

° ac groun EXTERNAL OXIDE LAYER (e.g. MnO, SiO,)

INITIAL ' [ \ ) D
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industry to reduce vehicle CO, emissions. Fe-(Mn/Si/Al/Cr) | . .
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allow the material to be rolled thinly (reducing weight) yet remain strong. ¢ SURFACE L : R A -

* Typically, AHSS are annealed for greater formability and surface finish, then
directly Coated Wlth zinc for corrosion protection, hOWEVEf issues arise if Fig 1. A comparison of steel surface conditions along the annealing and galvanising lines.

the AHSS alloying elements oxidised externally during annealing... It is essential to know if/when internal oxidation will occur!

2. Review Scope

This review highlights several key modelling contributions, written here as responses to questions that relate to predicting the extent of surface oxidation.
Common methods that also reach these conclusions are given in red.

3. Review of Existing Models

WILL OXIDATION BE INTERNAL OR EXTERNAL? WHICH STABLE OXIDE PHASES WILL FORM? AT WHAT RATE WILL OXIDATION OCCUR?
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Fig 2. GDOES concentration profiles of DP steels oxidised at differing 6 | 4 2 0 2 Exposure Time
oxygen partial pressures, referredtoas A, B, C, D [1]. logl(Si/mass's)/(Mn{mass)}
Fig 3. Chemical potential diagram, produced in FactSage [4]. Fig 4. Example weight gain curves [5].
* The conditions resulting in the external oxidation of a . Itis common bractice to determine oxidation rate
sample could be deduced by use of Glow-Discharge * The oxide phases formed at the surface of an oxidised P . : : .
. . . s . from thermogravimetric weight gain measurements
Optical Emission Spectrometry (GDOES). sample could be identified by X-Ray Diffractometry .
over time.
(XRD).
* In addition, Wagner [2] provided an analytical solution: : : :
. * |n most cases, the weight gain follows a parabolic law:
* Alternatively, the stable phases can be
Np:-Dp =N, D, thermodynamically calculated. w2
Where: Ng, N, = Concentration flux of element, oxide <Z) =Kp-t+C
D, D, = Diffusion coefficient of element, oxide * |n literature, thermodynamic modelling software has
Which . f by _ h been used to produce oxide phase diagrams in good Where: W = Weight A = Area t = Time
Ich means that a flux equilibrium exists. The agreement with experimental results. K, = Parabolic weight coefficient C = Constant

alloying element’s critical concentration leading to

external oxidation is calculable. + This was true of the thermodynamic analysis by Suzuki * K, is then found through fitting a line to the curve.

, ) et al. [4], which assumed that a local equilibrium was o
* There are a number of extensions to Wagner’s work * Reasonable predictions of K, have also been made by

_ , reached between the oxides and the outermost surface : _ .
such as the incorporation of temperature changes on region of the steel machine learning [6] — a method not yet applied to Fe-

the diffusion of atomic oxygen [3]. alloys, but will form an integral part of this PhD.
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* Wagner’s criterion allows for the calculation Oxidation models for 08 | ———————
of critical alloying element concentrations, Fe-Mn-Si alloys will be External Oxidation | I

above which oxidation will be external. developed using the 06 1 ' 003 |

05t BCC_A2 + Rhodonite

Wagner Crlterla % 0.4 % | BCC_A2 +|Si0 (s2) ~C_A2 > Oline = Rnodonite
* Assuming a local equilibrium exists at the (MATLAB), sl i
alloys surface, a stable oxide phase diagram thermodynamic oz Al
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* A novel machine learning model to predict K,

Fig 5. Transition between internal and external oxidation in Fe-Mn-Si alloys (left), and thermodynamic stability of

of Fe-aIons will also form Pa rt of this PhD. formed phases (right) oxidised at 800°C with 1022 atm.
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