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Summary

A study of DPS00 has been used to demonstrate the current oxidation capabilities

The viability of using RAP as a methodology of understanding oxidation behaviour
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Project Background

Focus area: oxide growth and evolution
Material: DP800

» Where does this occur during steelmaking?

As-cast scale Primary scale  Secondary scale

Bidmeshki et al, MRT, 2016

» Why is this important?
= Surface quality
= Material losses

FERRITE MARTENSITE
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Project Background

Processing

Routes
P LA N T 300 tonnes

PILOT |

Analyse and validate the RAP route for

RA P 200g oxidation studies
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Rapid Alloy Prototyping

» Traditional Alloy Development Route —> laboratory scale VIM prior to upscaling
to full plant trials

» Aim of the work = Explore capabilities of RAP for surface and oxidation studies

Melting/Casting Hot Rollmg Cold rolling

RAP Configuration in this study — simulates the integrated steelmaking and rolling route
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Rapid Alloy Prototyping

Industrial Benefits

1. More efficient alloy development 1. Fewer emissions when producing

miniature samples

2. Transform steel innovation cycle

2. Less material wastage during

More cost
efficient

3. Reduce screening times whilst testing/alloy development

feeding a diverse supply chain More alloy

developmen

4. Allows manipulation of properties

f : Engineering and g0 Swansea W
&\_Rapid Alloy Prototyping 4 & I Phglsical Ichiences dld a.fe Hniversity - .

A PROSPERITY PARTNERSHIP Research Council "TATA @ Khysaol WARWICK \
THE GNRERSITY OF WARMICK




Rapid Alloy Prototyping

E
Melting/Casting
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Sample Generation
» Re-melted DP80O0 transfer bar

(Produced at Tata Steel, reduced thickness, machined into 200g blocks
for melting)

Optical Emission Spectroscopy (OES)

Si Mn P S Cr Al Nb

0.13 0.3 1.5 0.0117 0.003 0.54 0.01 0.023 0.01 Bal

Centrifugal casting

» Induction melting == HOmogenised, low
» Inert atmosphere porosity cast

» Rotation of melt at high speed
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As-cast RAP

FuIIy bainitic substrate microstructure

Scale explicative of |IC]UIdOUS metal OXIde form
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SEl 20kV WD12mmSS73 20pum  —
MACH1Swansea University

Sep 23, 2020
SEM image of as-cast microstructure
Work supported by MACH1 team @ Swansea University

Image of as-cast surface

SURFACE
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As-cast RAP

Bakelite

&< Sum
7

Fe
v
-
]
30pm
2.00 KX NTS BSD EHT =20.00 kv IProbe= 500pA WD =820 mm
Width = 57.06 pm Swansea University College of Eng 21 Sep 2022
SEM image of as-cast sample cross section
I
50pm
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Thin scale (<5um)
differentiates from industrial
conditions (~100um)

» Attributed to inert atmosphere

Not a representative

means of studying
as-cast oxidation

Feeder must be removed

» Surface machining required
regardless of surface condition

(Effects post-casting treatments)

Oxygen-rich layer



Reheating RAP

‘>L, 3 iy f qlilj.Alsﬁl‘l
s.&»T.::.&I»P.... g T “.N i (.Pﬂl.m.“?. .....m.v.hﬂ.x...tr..

A . f Ao e o gt 5 ..-c"uﬁ!ﬂ

:....,:...w,. S ol TN ._eﬂ... T e, S A

et

.L,,Jl \ il PO e B T
.MC‘. o L Mt 1] Ak 3 :\a.« .Qaq“v..\.lrv. .&zbu_
0 u.. [) - O .-.to 4 % . el -).\ o
(‘4‘.’ I.ﬁr( o .._ VI( &-an\ (‘O.ru-. e

P el R e
5wl- - J?Mr R '(-N‘J e~ ] i

T et e A L PR kﬂ&»wh.ﬂ-.&r!’w A~ a%m.
X o !i:.‘%. Y S VP 9.;«‘5?

B0y T SULIC T ‘.; o 1 A zouwd

4.« i 14“ = ...qt.ﬁ r..«.
_ e - ’3v‘

25 _." ..) 9 Iu u-t}l udﬁ“fr A\n .'r.’ .a’-\.».?

| LS
aw.&)\‘i)) \.2.. .AQ\...\. x \..D.d.\*:l.sl

Sep 23, 2020

..r_..r ) _m :.‘..1).? £RF .5).‘«::‘9? % .:.1....
.;‘ Co .S.b‘.\.u.\ (w\or\. g’ g
Jé.lu v \.ou.i-ls %‘hﬁ‘. .h....o 3&\.

! 4
PRLLY 2%y : AR, R P TR N weirss
.\«.l-‘(“voﬂ(?[. v.‘l{‘- A\Ya .)‘.'\V »stﬁ nu & ....l.of'&vv
e v, !.2 ..rl‘ X _\,4 &mﬁ....:“ Mo oo T

—
.iot a v ¢ Ry <
% .vllnc.all > a %.\ck\f v :.:A bQu.“ﬁ 1*-4 r‘%l«&jo 5

f‘t!\&‘ ‘rfwl«,‘ gl\o ot ‘\u( e L(-»Hv- hﬁ oEX II".

x40
Reheated for 1 hour @ 1230°C

Work supported by MACH1 team @ Swansea University

il : 3 .51' ~,
B . ..r st gt £ .ft.vf.‘*. >
W\w&"’t #’4“'.«4 hes .rv it (”u.....ﬂ.h.u. e :..?..4
[ 4" ;.T ap-a | »Wq. \.r. g é ., .-lo rlplov..o..., R rf{‘ ..:... oo Np&-f- ) {‘
_Vv-.) ,s{q'l“'“q‘*n ,.-’. 2 - 7\. .*,.ﬂc‘.(‘stﬂf-.bﬂ“ 4‘\.”..:...
5 .‘1\. 4 “h‘. fe LY 0 )‘A\ - A.v‘u .-‘V\.RF .f%u ..t‘. / ™
S 1..41\". 0, . !--\‘Is’.’..(...x asll -J.I i i 'Mw*‘w. r~ .Wo
P T T Ny .I.f%.._‘m.u&rn v DB
T Sy y e Y v Y 5 \f..:ff 7o e 4 ] z W
cws i"- L & 7 4 11.“0\ - : #’U“ 73. Wt V) o
\f.hl r \/‘A~L‘ O Sl -thx '0\" R N Qmu m
: M( PN.. 1.‘:.71.{#‘. !lh‘..fwh\\“ﬂ'_ '$Q.’ \w.»\”tj | m p
Rl SRS e TR A Y
C LEA e”“ﬁ.ﬁrdo otk ....4 ...44&». A ‘G(r h.‘.w s
Nias e i pas AN s Ll xfx &
r "3 ’ X ¢ A S . - Ly
D‘Q s ovr Aty oy Ao sy 34 : ‘A L 4> = P
i ”ul) F Tt AN ....P &y / ~ ~ -, % s
3w w T 2 L
o A N A .A.c " !()a’(..; N T
n t.l -, "rﬁ’ »t " k-N.\ 1ori e J o~ &L/ m
SN e v p—
- - o w
L3y b 1 4 - ~ & N- .
23T L S < B e was V= v

4 A
WARWICK

University
Prifysgol
Abertawe THE UNIVERSITY OF RWICK

@ Swansea

-
L2,
)

0
N

-

Q

Qo

O

=

@)
3

N
TATA

o=
2o
563
£69
g3t
£% 0
w0
[ =]
~ o P wo e
L 1493 o
O | Ay o
- ‘ J» sﬂf\(h ! ()
A g | ; ¥ os:.Nn. m
> ! A
> Al Ny - G
. . N v ®
vd ~ . ¥ W m
) L
-~ ) ') m (7]
| ' 4 o w ﬁg
ch fLge = ®© o) =
c\.‘.u.. | T ...n £lz
A . y () S ala
A 3%y o ” 2le
“.. /,4. o\ .Au.l.. ()] Wn mm
oy il 1 - o o<
Ku /.-.rt 3 i - .s Jwa.ov %43 ! m o ”
N W SO £ Sk
M -SAS 1 f.v\ % o o =|=z
N - T A .
k foy S AV C <|w
A, TS . o S
- . . =lo
¥ . Ole
0]
ap
V«L



Reheated RAP

SURFACE

Image of reheated surface

SEM

~10um
INTERNAL
OXIDATION

WD=9.93 mm |
g 8 Apr 2022 |

SEM image of oxidation on reheated sample cross section
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_{&:ﬁ 10 pm 100KX  NTSBSD EHT=2000kv  |Prote
A

Width=114.2 pm Swansea University Colls

Thickness attributed
to exposure time

No literature found
on ~5 min exposures

Scale very brittle

Spallation
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Why 5 mins not 1 hour?

-Homogenisation
-Full temperature soak
Fe Cr
: 25um I .
(o) Si
\r.*.-“ ‘_;‘5.\1':.!...,‘_“ (3:.» JPe 1 "“'

: 25um I
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R h t d RA P Further investigation to ensure correct Si presence in Fe,SiO, phase:

Agreement with literature — evidence of Si
at interface and along fracture regions

Commonly observed in Si-containing steels

Y L - T————

Mikl et al, JCME, 2021

Oxidation of a 0.6Si steel @ 1200°C for 15 mins
- Si/Cr enrichment at interface/pegs
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SEM image of oxidation on reheated sample cross section
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Reheated RAP ..~

Evidence of brittle oxide cracking:

PR W,

s W e N
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337X NTS BSD EHT = 20.00 kV | Probe = 500pA WD =7.20 mm
Width = 339.4 um Swansea University College of Eng 10 Mar 2022

Uniform, continuous internal oxidation:

SEM image of oxidation on reheated sample cross section Spa | |ation

Gt

Image of reheated surface

~20pm
INTERNAL OXIDATION

£ 10 um 782 X NTSBSD EHT=20.00kv  |Probe= 500pA WD =9.86 mm w S £ 5 pum 2.00KX  NTSBSD EHT=20.00kv  |Probe= 5 WD =920 mm
'% }

Width=1463 pm  Swansea University College of Eng 8 Apr2022 Width=57.06 um  Swansea University College of Eng 7 Apr2022

SEM images of internal oxidation on reheated sample cross section
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Hot Rolled RAP

ITTC~Olochyd ¢

Roll direction —>

R

SEl 20kV  WD10mm SS67 x1,500

10'-"“ —_—
MACH1Swansea University

Jan 26, 2021

k, - e v
SNZAL

Work supported by MACH1 team @ Swansea University
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Roll contact
grooves
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General topography in agreement
with literature

(i.e., presence of transverse
cracking/roughness)

Evidence of roll contact grooves at
the surface — literature suggests
mechanical feature could present
sites of entrapment

Nioi et al, IMPT (2017)
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Hot Rolled RAP

691 X NTS BSD EHT =20.00 kv IPi

WD =13.05 mm
Width = 165.5 pm

Swansea University College of Eng 21Sep 2022

SEM image of hot rolled sample cross section

Fe Si 0
y
]
S bl
100pm b 100um ! T i00pm !
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Scale is extremely well-adhered

Internal cracking a result of hot deformation
but also interior shrinkage - cooling still

important

Scale micro- and phase structures are
synonymous with literature

Al h__"'\bm .
Han et al, Mat Res, 2019
0.3Si steel HR @ 1000°C

Cr

Internal scale
cracking

500 X [P : WD =9.70 mm
Width =228.7 pm Swansea University College of Eng 1 Aug 2022

SEM image of hot rolled sample cross section
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Summary

A study of DP800 has been used to demonstrate the current oxidation capabilities

The viability of using RAP as a methodology of understanding oxidation behaviour
» Some RAP stages lend themselves better to oxidation studies than others
1. Reheating
2. Hotrolling

» Some stages are not suitable

1. As-cast
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Thank you for
listening.
Any Questions?
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