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Project Background

Rolledin scale Blistering occurs when oxide scale is swollen during oxidation;
generating a critical stress and gas release at the scale/ steel interface.
Blistered scale causes surface defect problems when it is rolled,
becoming embedded into the steel.

Itis important to understand the mechanism of blistering and control
the blister formation in order to prevent surface defects.

Severe blistering has been found to occurs in temperatures between 950

"’7’-"'.,_-"—""‘ g

and 1000°C.
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/ e Nucleation and growth modes were investigated in order to understand the
T O mechanism of blister formation.
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Blister in finishing strip mill
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Steel Grades NAS B, privgel

Construction Steel Electrical Steel
3812 B32




3812 Heat Treatment
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3812 Blister Heat Treatment 1
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3812 Formation Mechanisms

Temperature (°C)

Mode 2

Mode 1

Time (s)

Mode 2

4

2

\|
L2

Az Swansea
] University
\ Prifysgol
1920-2020 Abertawe
Blister
'-_q.—_llw"

New phenomena

H e [e—
|
| &

1



Blister cavity ~ Blistercrown . -

Outer oxide layer Porosity c_h_ar'mel

Trans-lateral crack Wustite grains

Steel Substrate




g Swansea
] E University

3812 Whisker formation CD e

Oxide growth preferential plane
Idiomorphicgrowth

i







\ H; Prifysgol
1920-2020 =’ Abertawe

3812 EBSD Phase identification 100 % =

Phase Map

BSE Image

Fe,0;

(High oxygen)

Oxygen
lron

Fe;O,

Oxygen

Octahedral

Iron
® Tetrahedra

Iron

FeO

(Low oxygen)

IfeliMeleo@ Silicon Fe203 Fes30a FeO
1.9% 0.5% 0.5% 36.6% 22.4%

Oxygen
Iron

11



_ University
Prifysgol

3812 Raman Spectroscopy Dt AN
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1- Bulk oxide

2- Outer oxide
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3- Blister oxide
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Hematite (FeoOg)

b ! Magnetite (Fe,0,)
\
' | Wiistite (FeQ)
I
2 e T 00 200 0 200

s and residual stress [MPa]

Thin outer Fe,0;4

FeO matrix







Fe;0, precipitates Oxide dendrites Thin Fe,0,

‘Substrate.



Fayalite

Fayalite







_ University
e ———

B32 Raman spectroscopy e\ Foel

1- Oxide matrix

] Az Swansea

2- Oxide precipitate
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Summary St AN T

1. Blister formation on B32 and 3812 steel grades were characterized; key differences were found in the oxide
morphologies

2. New phenomena discovered within 3812 steel grade; blister on cooling

3. B32 containsa complex Al-Fe2SiO,-FeO eutectic in the bulk of the oxide which is not present within blistered
regions

Future Work

e Nanoindentation on oxide to assess stress within . .
oxide layers Thank you for listening

* Insitu investigation of early stages of oxidation

fRebecca Dewfall

* FIBinside of blister region to produce TEM lamellato Email: 829880@Swansea.ac.uk

investigate oxidation within the blister

Industrial supervisor : VladimirBasabe
KAcademic Supervisor: Dr. Mark Coleman/

* X-ray CT to investigate porosity
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