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1. Effect of TiN–Al2O3 inclusions on hot deformation cracking of Mn18Cr18N steel
The most typical inclusions in Mn18Cr18N steel are TiN–Al2O3, TiN and Al2O3. Such inclusions (Fig. S1) are large, angular, hard, and brittle [1]. Therefore, they will cause significant local stress during the hot deformation. On the one hand, the strength of the interface between such inclusions and matrix is very low, thus micro cracks are easy to appear [2]. On the other hand, such inclusions are easily crushed. After the inclusions are broken, micro gaps appear in the original positions. If the micro cracks or gaps near the inclusions expand further, the billet is easy to scrap. Especially at low temperature, high strain rate, and large strain, and the adverse effect is more serious.
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Fig. S1.  TiN–Al2O3 inclusions in Mn18Cr18N steel.
2. Effect of C-containing inclusions on solidification structure of Mn18Cr18N steel
[bookmark: _Hlk117694475]The results in this paper show that Ce can obviously refine the solidification structure of Mn18Cr18N steel. Therefore, it is necessary to analyze the effectiveness of Ce-containing inclusions as heterogeneous nucleation particles. The lattice mismatch of inclusions–δ or inclusions–γ can be calculated according to the following formula [3]:

where δ is lattice mismatch; (hkl)s is the low index plane of the inclusions; [uvw]s is the low index direction in (hkl)s; (hkl)n is the low index plane in the matrix metal; [uvw]n is the low index direction in (hkl)n; and  are interatomic spacing along [uvw]s and [uvw]n; θ is the angle between [uvw]s and [uvw]n. 
As a composite inclusion, the composition and lattice structure of Ce–Al–O–S are not constant, so it cannot be simply considered as a pure compound to calculate. In this paper, it is considered as a mixture of Al2O3, Ce2O3, and Ce2O2S (Since the content of S in Mn18Cr18N+Ce steel is only 0.0003%, pure sulfides of Ce are not considered). Therefore, it is necessary to calculate the lattice mismatch of Al2O3–δ, Al2O3–γ, Ce2O3–δ, Ce2O3–γ, Ce2O2S–δ, and Ce2O2S–γ respectively. On the contrary, though TiN–Ce–Al–O–S is also a composite inclusion, its TiN shell completely wraps the Ce–Al–O–S core, so the lattice mismatch of (TiN–Ce–Al–O–S)–δ and (TiN–Ce–Al–O–S)–γ equals the mismatch of the TiN–δ and TiN–γ, respectively. The calculation results are shown in Table S1.
Table S1.  Lattice mismatch between inclusions and Mn18Cr18N steel
	Type
	Melting point / K
	Crystal type
	Lattice parameter, a0 / nm
	Lattice mismatch / %

	
	
	
	
	With δ
	With γ

	Al2O3
	2323
	Hexagonal
	0.48224 [4]
	16.32
	20.48

	Ce2O3
	1963
	Hexagonal
	0.3891 [5]
	6.14
	6.60

	Ce2O2S
	1913
	Hexagonal
	0.4 [6]
	3.51
	5.85

	TiN
	3223
	NaCl
	0.4308 [7]
	3.91
	17.03

	δ 
	1673
	BCC
	0.29315 [7]
	—
	—

	γ 
	1618
	FCC
	0.3681 [8]
	—
	—



3. Effect of Ce segregation on solidification structure of Mn18Cr18N steel
Due to the size of Ce atom (181.8 pm) is much larger than that of Fe atom (121.0 pm) and the melting point of Ce (1072 K) is much lower than that of Fe (1811 K), Ce atoms are extremely easy to enriched at the front of solid–liquid interface during solidification [9]. Moreover, in this paper, Ce atoms in molten steel are mainly transmitted by diffusion, the speed of which is so slow that Ce atoms cannot quickly leave. Therefore, a stable enrichment layer of Ce atoms may be formed at the front of the solid–liquid interface, and with the growth of dendrites, the enrichment becomes more and more obvious until a dynamic equilibrium is reached.
In this paper, EPMA was used to detect the trend of Ce content in as-cast Mn18Cr18N+Ce steel. It can be noted from Fig. S2 that the content of Ce in dendrite is relatively low, but the content of Ce in interdendrite and grain boundary is relatively high. Considering that the result of line scanning is only semi-quantitative, five points (A, B, C, D, and E) were selected for accurate detection, which is completely consistent with the line scanning trend (mass fraction, A: 0.085%, B: 0.000%, C: 0.014%, D: 0.083%, E: 0.000%). In a word, the results of EPMA show that the content of Ce in earlier solidification region is lower, while the content of Ce in the later solidification region is higher, indicating that Ce atoms are indeed enriched in the front of solid–liquid interface.
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Fig. S2.  Trend of Ce at dendrite, interdendrite, and grain boundary of as-cast Mn18Cr18N+Ce steel.
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