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Physical Chemistry on the Control of Non-Metallic Inclusions
in Steel through Refining, Casting, and Processing

Bl AT
MATSUURA Hiroyuki

Synopsis: This article reviews the physical chemistry of non-metallic inclusions in steel, focusing on their generation,
growth, and transformation through secondary refining, solidification, and subsequent processing stages.
While steel cleanliness achieved during refining is a fundamental basis for high-reliability materials, the state
of inclusions observed in final products is also influenced by the solute segregation during solidification and
thermal histories applied in downstream processes. The author summarizes a series of studies on inclusion
behavior in Al-Ti deoxidation and high-Mn steel refining, revealing thermodynamic and kinetic aspects governing
transient inclusion evolution. Particular attention is paid to inclusion modification during solidification, where
microsegregation and phase equilibria promote secondary inclusion precipitation as well as morphological and
compositional changes of inclusions. Experimental observations combined with thermodynamic calculations
demonstrate how inclusion characteristics formed during refining are altered during casting. Furthermore,
inclusion behavior in solid-state processing is discussed, mainly focusing on their changes during heat
treatment. Through these examples, this article emphasizes the importance of a process-integrated perspective
on inclusion control, in which refining, casting, and processing are considered as a continuous sequence, to

reliably achieve high-performance steel products with enhanced functionality.

Keywords: non-metallic inclusion, thermodynamics, kinetics, transient evolution, microsegregation, morphology and

composition.
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Fig. 1 Schematic diagram of (a) experimental apparatus and (b)
sampling tool.

Fig. 2 Examples of classified (a) spherical and (b)-(f) non-spherical inclusions. '
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Fig. 3 (a) Fraction of spherical and non-spherical inclusions, and (b) the size distribution of inclusions in

AlTi-03 specimens. "
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Fig. 4 Chemical composition of inclusions in (a) AlTi-03/1, (b) ATi-03/2, (c) ATi-03/3, and (d)
AlTi-03/4 specimens (O : Spherical, @ : Non-spherical, +: Dual phase). "

Sanyo Technical Report Vol.33 (2026) No.1

=
1~
n
4 fiiil
&
1b
£
=
o]
BHE
1E
=
5
9
>
#
¥l
=
{0




2 w3 |

LI REUCBES

1B - & - MILEMEZE U ClRIFERNEMRIHOMIELZ

Nofze LIzA'2T. (3) E2EELLWVEREREBT
hoEEZOND, (1) ¥ (2) ODRIBIZKDNEDD
TR DDNEBLREREBTIIBNEBbND,
ZDBE. KERBEEHICNEYDOREREISPD P
MZE D E EEICBMBRAEESISAMMMAERDIE—1t
ICHEDTELEDZD. —BERLEA-TI-OREEIS
BUBRHZRICEERBALOICRY ., ZDOBRICBERLE
ALOHIEERIANEMICH D& Z A BN,

AlLTi, O, (sorl) + (% -x)Al > gAIZO3 (s, non - spherical) + y Ti

Fig.5IcCDRSHEEEZREZERE B ICERAMITRL
fzo AI-TiIBREEZITAMICTHEET DIERRONEDHRE
J ZIVEF ) DEENBRETHDONICDNTIISHE.
ESHBHBENDETH D,

BE. BHADA-TIEREEICET2HAFICDNTIEE
Mnuﬁaéﬁ ES>TERAMRIEDSNTHY ., B
ETIIChad DN EYER DEZEREY LPark> D
BT RES N, FICParkS DERFTERIZAI-TIR

T T
Exp.
10°F Tizoa E
E
*
?
@ 10" F
£
Liquid region afte
Ruby-Meyer et al.
at1703K o
102 1 :
10* 10° 10? 10"
[mass%Al]
Al,O5 AC
v Growts /Al ./\‘I Reaction
g E - sl with Ti
ow Al .
- i TiO, / Al,TiOs
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and resulting inclusion.
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Fig. 6 Relationship between Al and O contents in molten Fe-Mn-Al alloys at 1873 and 1773 K.
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Fig. 7 Relationship between Al and Mn contents and equilibrium phase at 1873 or 1773 K.
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Table 1 Compositions of alloys.

Alloy |Soluble Al| Soluble Ti| Total O | Total N | Al/Ti
mass% | mass% | mass% | mass% |molar ratio

1 0.0497 | 0.0636 | 0.0020 | 0.0032 1.4

0.0123 | 0.0586 | 0.0069 | 0.0110 0.4
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