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1. Introduction

Surface cracks

Surface defects:

Transversal cracks

Intergranular cracks

Surface cracks related to micro alloying
elements will be studied. Other defects
related to solidification conditions on the
meniscus (mould powders, oscillation
conditions..) are not dealt with in this
presentation.

Internal segregation cracks
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High temperature ductility troughs
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Strains at the continuous casting

Strain at the unbending: F/(2*R)

W) SWERIAM F: Billet section(mm)
R: CC radius (mm)
‘sidenor , , , 3
Strains at the unbending as a function of the number of radii
‘ Billet size 1 unbending Radii 2 unbending 3 unbending Radii
RI)H (mm) 9m Radii 9-12-22m
9-17m

155 0,87% 041% 046% 0,22% 0,30% 0,35%
240 1,35% 064% 0,71% 0,34% 0,46% 0,55%

Materials
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v Institute

B I Continuous Casting Machine design criteria: Increase the casting
F radius or the number of radius at the unbending in order to obtain a

strain lower than 1%
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Influence of strain rate on ductility trough
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Y. Mahera et al. Mat Sci. and Tech. 1990, V.6, 793-806 Area. Strain rates at CC in the range: 103 - 10 seqg™’
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Hot ductility laboratory characterization
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austenitic grain size on cracking ALCRA

Low ductility trough for steel tested at low strain rates. (plain C-Mn steels) . . .
Low ductility trough for steel tested at low strain rates. (plain C-Mn steels)
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37MnVe6S Billet transversal slice
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B ' Intergranular crack on billet outer profile
FI deformation related to billet rhomboidity Wing

Intergranular crack depth: 2mm
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austenitic grain size on cracking

IDS calculations of austenitic grain size for steel grades with
different carbon content. Cooling rate during the solidification:

(@) 1 |
0.5°C/seg iseof- ! i
Austenite grain size J230rC t :
®) SWERIM 2500 © 1520 !
] — 16MnSE_01 = 25MnCrSE.05 = 95Cr6FD-1 e :Q 53
i ~ I
. ] C:0.16% g 1480 | |
§sicenor 20001 £ |
] 'R 1440 \
- :
1 ~ )
Rl:H 1500 1 1400 ¥)39401 (7-Fe) !
T ! '
2 1 I !
& 1360 Bl !
Materials o C: 0.25% Fe Q05! QJ5 Q25 035 045 OrSS 065 075
8\ Processing 1000 - ]
 Insffute \ :
i I
i I
|
500 -
BFI ] C:0.95% \ S : Y
d |
J |
|
] [
0 T T T T T T T T T T LN R N S B S S S B B BN B S N N L B S 1
0 200 400 600 800 1000 1200 1400 I
Temperature [°C] 0 i




¥ Index yau

®) SWERIM

‘sidenor

i 3. Influence of the microalloying
33» elements on hot ductility




Influence of the microalloying elements on

0O
Py
>

3.
hot ductility
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Current presentation
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Influence of the AIN
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. . : Relationship between crack index and
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the N*Al product.

in composition and different N contents. As the product
Al*N increases, the ductility trough widens, this being

Dillinger Huttenwerke “Crack prevention in Continuous

related to AIN precipitating at higher temperatures. casting” 7210-CA/833, 1996




o

®) SWERIM

‘sidenor

Materials
* ARy Processing
%4 Institute

Byl

3. Influence of the microalloying elements on Y
hot ductility )

Influence of the AIN

0O
Py,
>

3/MnV6S 036 135 05 0.017 0.070 0.14 0.0 0.1 0.015 <0.007 120
37MnVe6E 0.36 0.5 0.017 0.045 0.14 0.0 0.1 0.015 0.015 120
Rejection Index of the 37TMnV6S steel grade rolled in Basauri from 185 mm billets.
. Years 2008 and 2009
56 :
g ibead it In 2008 and 2009 at Sidenor an increase of
o . . 3 .
“ since year 2008 to rejection index of the steel grades 37MnV6S
year
§ was observed, and 37MnV6E steel grade had
% better results.
‘D
[m] umber
g [T oo
68 96
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hot ductility
Influence of the AIN

In 2008 and 2009 at Sidenor an increase of rejection index of the steel grades 37MnV6S was observed,
and 37MnV6E steel grade had better results.

®) SWERIM
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‘Slde I'IOT A During year 2008 the defect
012 14 -— Index of rolled bars is low for
5 / \ both 37MnV6S steel grade
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{ 810 | Index with AI*Ns ~—— 12 7= influence of AI*N . / \
S
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'\ defect. Two possible causes: . \ O nccccanas <r” -
2 —5 «Lower S content E 5 m =
36 heate *The formation of TiN precipitates o e o e e, ]
3 heats improves ductility. o
0 T T . 0 : . .
BFI ol 15°E-4 2,0°E-4 >2,25'E-4 1,0'E4 15'E4 20'E4 >2,25%E-4
Al (%)* Ns(ppm) Al (%) * Ns(ppm)

In order to decrease the steel tendency to cracking, the Ti content should be as high as possible in the range of
the steel grade specification.
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Influence of Boron

100
0.0017%8 ,o--?f
SWERIM The hot ductility behaviour of a 0-15%C, 0-65%Mn,
@ 0-02%Al steel, with and without a boron addition. The © B0 Q ,’
‘ B addition was 00017% and the cooling rate :.
sidenor 6 K min”" (Ref. 73) v
= GO \ t’) B free steel
—
4 | . 0 \ %
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precip ) atd ’ = ¥ strain rate=0.05 s’
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Time
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K. Yamamoto, H. G. Suzuki, Y. Oona, N. Nodec, T. Inoue, Tetsu-to-Hagane, 1987, 73, (1), 111-122.
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Intergranular cracks :19MnNbV5C steel. Billet as cast microstructure

Intergranular cracks

J—
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F,.&/

Fine ferrite

Big gamma columnar
grains

Off-corner cracks

G. Alvarez de Toledo, J.J. Laraudogoitia, A.
Arteaga.

Trans Tech Pub. Ltd. Switzerland. Materials
Science Forum Vol. 500-501, 2005.
Microalloying for new steel processes and
applications.

Pp:163-170 2005




= 4. A Methods to avoid intergranular cracking:
Strand temperature cycling

Intergranular cracks

| -
S T Ao r’.,---.--;;~;,g." "','g' AW a
1 'ﬁ ‘f & "'i"qu-""z'-.l- l'l‘;i::' : .l'—l,-’;; A
‘SIdenor QA?@!W /¢

Materials
» 78 Processing
v Institute

Bl

Fine ferrite

Big gamma columnar
graimns

Off-corner cracks

23 mm >




= 4. A Methods to avoid intergranular cracking:
Strand temperature cycling

®) SWERIM

‘sidenor

Materials
» 78 Processing
v Insfifute

Bl

Intergranular cracks

1

Fine ferrite

Big gamma columnar
grains

er cracks

) et /

e




= 4. A Methods to avoid intergranular cracking:

0O
Py
>

Strand temperature cycling

SSC: Surface Structure Control

ppt:precipitates 100 A

~ * L
@SWERIM Mild cooling £ gt . o’ )( .
© ~ ,._./ A ./
T o / °® .-
' 115 o~ as ._E 60 B [}
‘mdenor e = /
Ae3=817°C 3 < N
~ S 40t
— [&]
RI{H 777°C 8 a+ppt .g \ A 4 SSC: Surface Structure Control
’ s - Po ¢ 20f ‘,./ N [eSSC cooling
— O An ANild cooling
Materials 0 1 f
YA\ Process
& ":gﬁcrsts:ng SSC cooling 527 727 927 1127
Temperature
B Time —
F C S | Mn | Cu | Mi | Nb | Al | Ti N
007 | 0.2 | 15 | 03 | 0.7 | 0.02 | 0.02 | 0.0L | 0.007

Watanabe et al. ISIJ International. 43, 2003, n.11, 1742.
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Strand temperature cycling

SSC: Surface Structure Control

ppt:precipitates

Mild cooling

T

M5 "

—
Ae3=817°C =

a

—

777 °C

Tempe

SSC cooling

Time —

C Si | Mn Cu Mi Nb | Al Ti

M

0.07 0z | 15 0.3 0.7 | 0.0z | o2 | 0.0l

0.007

Watanabe et al. ISIJ International. 43, 2003, n.11, 1742.

b -

(a)

Differences on the precipitates distribution after:

a) SSC cooling, homogenous precipitation

b) Mild cooling: precipitation at the austenitic grain
boundaries
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Strand temperature cycling

SSC: Surface Structure Control

1200~ AE; <Tmax < Tppt
®) SWERIM
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SSC: Surface Structure Control

AE; <Tmax < Tppt
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Jiang Liu, Guanghua Wen?*, Yunfeng Li, Ping Tang and Linging Luo
High Temp. Mater. Proc. 2016; 35(7): 653—659
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Industrial aplications

Direct rolling casting

®) SWERIM
At some steel mills the billets/blooms are hot charged on the rolling
‘sidenor furnace. In order to avoid rolling the semis with the as-cast structurea
billet/blom surface temperature cycling is carried out before hot charging in
the rolling mill furnace . This technique is an advantage when rolling low
R|:F| carbon steels.
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Rolling mill
furnace
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Strand temperature cycling

Example of a hard temperature cycling

A heat of 37MnV5SF grade was cast with a secondary cooling problem. As a consequence of a
) SWERIA malfunction of one nozzle located at the last row of the secondary cooling, a water jet impacted

on the corner billet. At the exit of the secondary cooling the billet corner appeared black where
the jet impacted.

‘sidenor

|
Materials
» 78 Processing
v Institute




= 4. A Methods to avoid intergranular cracking:
Strand temperature cycling

Example of a hard temperature cycling

Intergranular cracks on
SWERIH SRR AR 10 oscillatign marks valleys, anc
SRR T e AR A & Sy i RN on longitudinal channels:
Lok , S e Ea et D B areas with large austenitic
‘sidenor ‘ ' i 2 ‘\ B Lo grain size

.......

Matericls ~ ) 4:_.-: s ':v N L .. .;",' 3 ' e B Rk : z"‘.: g :;:., L e owiAal ) el e |
YA Procesing BWRSTRY Ly b ap Ry | 3 MR Transversal cracks on OSM
\ ) |n5mme ; o Sl R S =S o e RS o S N =

The area where the jet
impacted present
intergranular and transversal
cracks.

The other corners don't
present these defects.
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Example of a hard temperature cycling

®) SWERIM
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RI(R gy AreNa . O
& LTl A S
4 o' -“} ,'}
, v/ \e
ﬁMuteriuls K5 ¥ %L P a ! A J Int rgra-
¥ A\ Processi i ' RS N A
X e A e ~- nular Crack
_ 4 at OSM
B * Ferrite content: 16,1%,
FI « Ferrite average size: 135.6 ym? * Ferrite content: 10,9%
» Surface distance 1 mm. « Ferrite average size: 49,6 pm?
» The ferrite nucleated on prior precipitated particles, mainly « Surface distance T mm.

MnS, which were favored by the cooling of the jet impact.
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Example of a hard temperature cycling

Temparature varation of e billst comer zone and billst mid-face when a water Jet Impact the blllet
gurfacs, Compartzon between 3TMNVSSF and low carbon microalloyed stesl grades.

@SWERIM  Due to the high. cooling rate, the 1200
g/a transformation start 1100 - [TLVIE.N) tlmurtlmh |
temperature lowers to around 490 —
. oC [=ap =] —_—
‘SIdenor 1500 [Fo disoiufion of TLVICH] |

E__ I _ |
e =
—_— ="

* No y/a transformation takes place
RI{H during the jet impact at the area
} near the corners of the billet.
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3
2
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.
=
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wiios  *  During the heat recovery, 1/ = Tranafomation Thers 15 not precipiiaies disciution
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X 4 rr:;;e::"g (Tl,V)(C,N) pl’eCIpItateS are 600 - :H'E steal of Watanabe st sugcaptiblity at stralghtaning for
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dI’I]SSt?'II\I/ed In the mid face but not in o " i sgenarated ® i
the Dbillet corner. 7o Transtomation T STIRVSEE problems at stralghtening.
BFI 4':'] 1 1 1 1 1 1 1 1 1
3 35 4 45 5 5.5 i 8.5 7 75 B
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Strand temperature cycling

Example of a hard temperature cycling

Intergranular
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The best tips to avoid intergranular cracks are:

®)SWERIM . . . .
1. Avoid semis reheatings and stresses inside

‘ - the mould.
sidenor .

2. Ensure a temperature along the strand until
the un-bending higher than the precipitation
temperature.

3. Reach the un-bending at a lower temperature
Materials . 7 . ”
&«rmﬁﬂw than the y / o transformation. “cold casting
" 4. Optimize steel composition and microalloyed 0
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B|:| 5. Ensure a proper performance of the

secondary cooling.
6. Perform a strand temperature cycling?
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THANK YOU VERY MUCH FOR YOUR ATTENTION.

More information:
gonzalo.alvarezdetoledo@sidenor.com
nora.egido@sidenor.com
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