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1. INTRODUCTION

The objective of the dissemination project is to revisit the most important European projects
related to the formation of cracks in continuous casting carried out in the last two and a half
decades. The basic idea is that an action of dissemination and valorisation of the most
important results, based on an integrated critical analysis of a large number of projects, is
useful to promote the exploitation of the results. This action is a necessary step for preparing

and communicating a roadmap for future research activities and priorities.

Preliminary to these activities, classification of projects and literature classification is needed

in order to identify the main topics on which the dissemination actions will be based.

To this scope, the present document shows the complete list of relevant reports and papers

with some comments and statistics about them.

2. LIST OF PROJECTS

The work team identified a total of 34 EU-funded projects, starting from those listed in the
proposal description.

The projects underwent a first analysis in order to identify the main research topics (see
deliverable 2.2). A list has been compiled where topics and subtopics have been assigned to
each project. Some basic information has also been added. (see excel file ANNEX1):

e Period

e Number of Contract

o Title

e Acronym

e Report Number

e Abstract

e Main Relevant Topic
e Further topics

¢ Relevant sub-topics
A few comments on the listed projects are:
The oldest projects started in 1995 and are concerned with:

¢ Role of slag and mould conditions on surface and subsurface quality
e Improvement of the straightening process
¢ Improvement of internal quality in microalloyed steels

¢ Role of mould powders in long products
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All of the projects covering the topic of “Monitoring and sensoring” (one of the most studied
among the six identified topics) started after the year 2000, with the only exception of one
project started in 1998, in which off-line and on line monitoring techniques were developed
together with new and more effective means and methods for the interpretation of the signals,
including modelling. This proves the increasing need for process control which characterised

the research effort in the recent years.

In fact, the most recent project, (NDTSLAB, started in 2016 and still ongoing) is focused on

monitoring and sensoring.

3. LIST OF PAPERS

The list of papers reported below and in ANNEX1 includes the papers listed in the project
proposal and other papers made available by the work team. A total of 60 papers have been
collected and shared among the participants. These papers, together with the projects
described in section 2, will form the basis for the activities to be done in WP2 and 3

1. Clyne, T. W., M. Wolf, and W. Kurz. "The effect of melt composition on solidification
cracking of steel, with particular reference to continuous casting." Metallurgical
transactions B 13.2 (1982): 259-266.

2. Kim, Kyung-hyun, et al. "Effect of carbon and sulphur in continuously cast strand on
longitudinal surface cracks." ISI1J International 36.3 (1996): 284-289.

3. Maehara, Y., et al. "Surface cracking mechanism of continuously cast low carbon low
alloy steel slabs." Materials Science and Technology 6.9 (1990): 793-806.

4. Won, Young Mok, et al. "A new criterion for internal crack formation in continuously
cast steels." Metallurgical and Materials Transactions B 31.4 (2000): 779-794.

5. Kelly, J. E., et al. "Initial development of thermal and stress fields in continuously cast
steel billets." Metallurgical Transactions A 19.10 (1988): 2589-2602.

6. El-Bealy, Mostafa Omar. "On the formation of macrosegregation and interdendritic
cracks during dendritic solidification of continuous casting of steel." Metallurgical and
Materials Transactions B 45.3 (2014): 988-1017.

7. Bellet, Michel, et al. "Modeling hot tearing during solidification of steels: Assessment
and improvement of macroscopic criteria through the analysis of two experimental
tests." Metallurgical and Materials Transactions A 40.11 (2009): 2705-2717.

8. Ridolfi, Maria Rita. "Hot tearing modeling: a microstructural approach applied to steel
solidification." Metallurgical and Materials Transactions B 45.4 (2014): 1425-1438.



w ;?Dersearcr;und R I 4 H
. RFCS Grant Agreement No: 847194 — VALCRA - Deliverable 2.1 }

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ridolfi, M. R. "Effect of the dendritic morphology on hot tearing of carbon steels." IOP
Conference Series: Materials Science and Engineering. Vol. 117. No. 1. IOP
Publishing, 2016.

Thomas, B. G., J. K. Brimacombe, and |. V. Samarasekera. "The formation of panel
cracks in steel ingots: a state-of-the-art review." ISS transactions 7.10 (1986).
Thomas, Brian G. "Modeling of the continuous casting of steel—past, present, and
future." Metallurgical and Materials Transactions B 33.6 (2002): 795-812.

Li, Chunsheng, and Brian G. Thomas. "Thermomechanical finite-element model of shell
behavior in continuous casting of steel." Metallurgical and Materials Transactions B
35.6 (2004): 1151-1172.

Lee, Jung-Eui, et al. "Prediction of cracks in continuously cast steel beam blank through
fully coupled analysis of fluid flow, heat transfer, and deformation behavior of a
solidifying shell." Metallurgical and Materials Transactions A 31.1 (2000): 225-237.
Koric, Seid, Lance C. Hibbeler, and Brian G. Thomas. "Explicit coupled thermo-
mechanical finite element model of steel solidification." International Journal for
Numerical Methods in Engineering 78.1 (2009): 1-31.

Hibbeler, Lance C. "Thermo-mechanical behavior during steel continuous casting in
funnel molds." (2010).

Hibbeler, L. C., et al. "Longitudinal face crack prediction with thermo-mechanical
models of thin slabs in funnel moulds." la metallurgia italiana 2 (2009).

Forestier, Romain, et al. "Finite element thermomechanical simulation of steel
continuous casting." Proceedings MCWASP XIl, 12th International Conference on
Modeling of Casting, Welding and Advanced Solidification Processes. Vol. 12. The
Minerals, Metals & Materials Society, Warrendale, Pennsylvania, USA, 2009.

Bellet, Michel, et al. "Modelling of water spray cooling. Impact on thermomechanics of
solid shell and automatic monitoring to keep metallurgical length constant.” 8th ECCC,
European Continuous Casting Conference. 2014.

Konishi, J., et al. "Modeling the formation of longitudinal facial cracks during continuous
casting of hypoperitectic steel." Metallurgical and Materials Transactions B 33.3 (2002):
413-423.

Ridolfi, Maria Rita, et al. "Mathematical Modeling of Hot Tearing in the Solidification of
Continuously Cast Round Billets." Metallurgical and Materials Transactions B 41.6
(2010): 1293-1309.



w ;?Dersearcr;und R I 4 H
. RFCS Grant Agreement No: 847194 — VALCRA - Deliverable 2.1 }

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Ridolfi, M. R., A. De Vito, and L. Ferro. "Effect of alloying elements on thermal
contraction and crack susceptibility during in-mold solidification." Metallurgical and
Materials Transactions B 39.4 (2008): 581-592.

Okamura, Kazuo, and Hisakazu Kawashima. "Three-dimensional elasto-plastic and
creep analysis of bulging in continuously cast slabs." ISIJ international 29.8 (1989):
666-672

Ludwig, Andreas, Abdellah Kharicha, and Menghuai Wu. "Modeling of multiscale and
multiphase phenomena in materials processing." Metallurgical and Materials
Transactions B 45.1 (2014): 36-43.

Brimacombe, J. K., and K. Sorimachi. "Crack formation in the continuous casting of
steel." Metallurgical transactions B 8.2 (1977): 489-505.

Mintz, B., S. Yue, and J. J. Jonas. "Hot ductility of steels and its relationship to the
problem of transverse cracking during continuous casting." International Materials
Reviews 36.1 (1991): 187-220.

Mintz, B., and D. N. Crowther. "Hot ductility of steels and its relationship to the problem
of transverse cracking in continuous casting." International Materials Reviews (2013).
Suzuki, Hirowo G., Satoshi Nishimura, and Yasushi NAKAMURA. "Improvement of hot
ductility of continuously cast carbon steels." Transactions of the Iron and Steel Institute
of Japan 24.1 (1984): 54-59.

Mintz, B., and J. M. Arrowsmith. "Hot-ductility behaviour of C—Mn—Nb-Al steels and its
relationship to crack propagation during the straightening of continuously cast strand.”
Metals Technology (2013).

Schwerdtfeger, Klaus, and Karl-Heinz Spitzer. "Application of reduction of area-
temperature diagrams to the prediction of surface crack formation in continuous casting
of steel.” ISIJ international 49.4 (2009): 512-520.

Chimani, C. M., et al. "Precipitation and phase transformation modelling to predict
surface cracks and slab quality.” Ironmaking & steelmaking (2013).

Louhenkilpi, Seppo, Erkki Laitinen, and Risto Nieminen. "Real-time simulation of heat
transfer in continuous casting." Metallurgical Transactions B 24.4 (1993): 685-693.
Petrus, Bryan, et al. "Real-time, model-based spray-cooling control system for steel
continuous casting." Metallurgical and Materials Transactions B 42.1 (2011): 87-103.
X.Wang, L. Kong, F. Du, M. Yao, X. Zhang, H. Ma , Z. Wang, Mathematical Modeling
of Thermal Resistances of Mold Flux and Air Gap in Continuous Casting Mold Based
on an Inverse Problem, IS1J International, Vol. 56 (2016), No. 5, pp. 803-811



w ;?Dersearcr;und R I 4 H
. RFCS Grant Agreement No: 847194 — VALCRA - Deliverable 2.1 }

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

. J. Watzinger, R. Sandner, F. Hoechtel, J. Hammerl, T. Fuernhofer, G. Martetschlaeger,
H. Moser, Study on spray cooling for voestalpine CC4 slab caster, 9th ECCC, European
Continuous Casting Conference, 2017, p. 637

M. Mcdonald, T. Tran, R. Burniston, B. Stewart, Slab section thickness, precipitation
and off-corner cracking in microalloyed plate steel, 9th ECCC, European Continuous
Casting Conference, 2017, p. 653

G. Xia, H. H. Duchaczek, J. Six, C. Furst, B. Harrer, A. Schiefermuller, An investigation
of precipitation in continuous steel slab with the help of dissolution technology, 9th
ECCC, European Continuous Casting Conference, 2017, p. 661

T. Tran, I. Challenor, A. Bell, M. Mcdonald, B. Stewart, New insights into the effect of
steel chemistry and caster design on microalloying precipitation and surface quality of
low carbon boron steels, 9th ECCC, European Continuous Casting Conference, 2017,
p. 672

K. Taguchi, T. Kato, Hot temperature embrittlement of continuously cast slab of boron
containing steel, 9th ECCC, European Continuous Casting Conference, 2017, p. 682
S. Jansto, Carbon content, solidification and strain energy phenomena affecting hot
ductility behavior during continuous casting of microalloy steels, 9th ECCC, European
Continuous Casting Conference, 2017, p. 692

S. Kang, B. Mintz, J. Banerjee, The influence of compositions on hot ductility of high Al
TWIP steels, 9th ECCC, European Continuous Casting Conference, 2017, p. 702

G. Alvarez de Toledo, S. Miinch, D. Senk, X. Pereda, Influence of MnS secondary
precipitation on the hot ductility trough and surface defects of as cast billets, 9th ECCC,
European Continuous Casting Conference, 2017, p. 714

M. Feshar, M. Abou Mossaed, A. Khamis, Longitudinal Facial Crack (LFC) in thin slab
casting, 9th ECCC, European Continuous Casting Conference, 2017, p. 724

B. Santillana, G. Abbel, M. Arrnts, P. Romano Triguero, R. Heemskerk, Influence of
casting parameters in segregation and cracking — Assessment with OES-PDA method,
9th ECCC, European Continuous Casting Conference, 2017, p. 731

D. Senk, H. Ho, S. Von Helden, MAXILA - A rapid process for analysis of macro-
segregation, 9th ECCC, European Continuous Casting Conference, 2017, p. 741

J. Thimont, P. Barreau, C. Bobadilla, L. Valek, R. Pachlopnik, Pre-evaluation of as-cast
round bloom quality from monitoring of process records and temperature

measurements, 9th ECCC, European Continuous Casting Conference, 2017, p. 750



e ‘Wrcyum R I 4 H
Geriezan RFCS Grant Agreement No: 847194 — VALCRA - Deliverable 2.1 }

46. H. Kim, H. Lee, Investigation on interfacial tension between the slag and initial
solidification shell affecting silver defects, 9th ECCC, European Continuous Casting
Conference, 2017, p. 763

47. S. Yetkin, The Influence of Casting Speed, Mould Powder and Oscillation Parameters
on Mould Level Fluctuation, 9th ECCC, European Continuous Casting Conference,
2017, p. 580

48. G. Alvarez de Toledo, D. Mier Vasallo, A typical secondary oscillation marks formation
with abnormal oscillation settings, 9th ECCC, European Continuous Casting
Conference, 2017, p. 587

49. S. Shin, Y. Jeong, J. Cho, S. Kim, Smart mold flux of dual viscous functions for good
lubrication and prevention of slag entrainment in a continuous steel caster mold, 9th
ECCC, European Continuous Casting Conference, 2017, p. 597

50. Marschall, G. Xia, H. Harmuth, Slag rim formation of two mold powders used for casting
of construction steel, 9th ECCC, European Continuous Casting Conference, 2017, p.
605

51. M. Alloni, R. Carli, B. Petritz, G. Arth, Study on thermal properties of a low fluorine mold
flux, 9th ECCC, European Continuous Casting Conference, 2017, p. 615

52. Hunt, B. Stewart, Novel techniques for controlling heat transfer in the mould-strand gap,
9th ECCC, European Continuous Casting Conference, 2017, p. 620

53. VDEh, Erstarrungsbedingte rscheinungen am ohstrangguss, Unterausschuss fur
legierte Baustahle, pp. 1-53.

54. Crowther, D.N. "A-Comparison-of-the-Effects-of-Microalloying-on-Cracking-During-
Continuous-Cracking". CORUS R&D

55. Kato, T., Ito, Y, Kawamoto, M, et al. "Prevention of Slab Surface Transverse Cracking
by Microstructure Control", 1ISIJ International, Vol. 43 (2003), No. 11, pp. 1742-1750

56. K. M. Banks1,*, A. S. Tulingl, B. Mintz2, "Improved Simulation of Continuous Casting
to Predict Transverse Corner Cracking in Microalloyed Steels", International Journal of
Metallurgical Engineering 2013, 2(2): 188-197

57.Yin, H.-B. and M. Yao (2005). "Analysis of the nonuniform slag film, mold friction, and
the new cracking criterion for round billet continuous casting." Metallurgical and
Materials Transactions B 36(6): 857-864.

58. Konishi, J., M. Militzer, et al. (2002). "Modeling the formation of longitudinal facial
cracks during continuous casting of hypoperitectic steel." Metallurgical and Materials
Transactions B 33(3): 413-423.



m wmm R I { H
for Coal &

European

il RFCS Grant Agreement No: 847194 — VALCRA - Deliverable 2.1 }

59. Nakato, H., M. Ozawa, et al. (1984). "Factors Affecting the Formation of Shell and
Longitudinal Cracks in Mold during High Speed Continuous Casting of Slabs."
Transactions of the Iron and Steel Institute of Japan 24(11): 957-965.

60. Thomas, B & Xu, K. "Prediction of Grain Size, Precipitation and Crack Susceptibility in
Continuous Casting" AlSTech 2009 Steelmaking Conference Proc., (St. Louis, MO,
May 4-7, 2009), Assoc. Iron Steel Tech., Warrendale, PA, Vol. 1, 2009.



