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Thermodynamics and industrial practice of non-metallic
inclusions formation during solidification and cooling of Q195
hot rolled strip
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Ecological Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: In order to control the transformation of non-metallic inclusions in Q195 steel during solidification and cool-
ing, the transformation of inclusions in practical production process was studied by ASPEX automatic scanning electron
microscope, and the thermodynamic principle of the transformation was calculated by FactSage software. The results
show that inclusions in molten steel of Si-Mn-Al deoxidized Q195 hot rolled strip are mainly SiO,-MnO-AlLQ;. There is
a sharp increase in sulfide inclusions in bloom after solidification and cooling. An increase of SiO, and an decrease of
MnO in oxide inclusions can also be detected. The composition of inclusions in steel has obvious corresponding relation-
ship with the size of inclusions, which is that the content of ALO; in inclusions increases with diameter of inclusion,
while the content of SiO, decreases. As the size of the inclusion in bloom decreases, content of sulfides and SiO, in ox-
ide inclusions have a dramatic increase. Thermodynamic calculation by FactSage indicates that SiO,, Mn,AlSi;Os and
MnS precipitate during solidification and cooling of steel, and the size of precipitated phase is generally small, which re-
sults in the increase of content of SiO, and MnS in small size inclusions. Thermodynamic theoretical calculation can ex-
plain the transformation of inclusion composition duiring solidification and cooling process.
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Fig.1 Composition of inclusions in tundish
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Fig.3 Transformation of inclusions

during solidification and cooling process
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Fig.4 Composition of inclusions with different diameters in tundish
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Fig.5 Inclusion composition of different sizes in continuous casting bloom
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Table 2 Composition of bloom
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Fig.6 Phase and composition change of inclusions during cooling process
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Fig.7 Phase and composition of inclusions precipated during cooling process (w[O]=80X10"°)



TR , 55 - Q195 FFLATF AN [ 14 H T R AF 8 Je A A2 et )y 29 e b S -65-

(1) SEpRA = FE R, Si-Mn-Al i 48 Q195 #u 4L,
7 BN R TE] P SR 40 32 22 1 Si0,-MinO-ALO:s , 11
TEE# R I W) Si0, 7 & 70 5 5 A A ek b
) 2RI T (EAE E G R4 EN I L FEMT Y T K&
MnS, il Je Z V) EEAR B 53 1T 5 ALOs Si0. MnO Ji
B HUE BT R %, Hod MnO S & 30T B Ao e
2, ALO JI A BUR 2, Si0s Jii & 43 KA T Ff .

(2) WV HEEE 5, B9 ST R (1) e 24 9
MnS Jii & 7 B8R, A FE T I MinS (1) 5 1
W, Je i 5 RST MR R BEE RS K,
Je Wy Si0, i 1 43 BUZ T R D, MnO Fll ALO, I&
AN

(3) 22T SR W, LE AN E [ 2 A 2 L AW
24 Si0, A < MnALSiO A AT MnS 41 , 11 43 4E
HAE RTINS ST SR 290 v Si0, A1 MnS Jit
S BARTH R S SE PR E AT AR ) A

SEHk:

[1] EzE, AR5, 5kag, 5. Q195 Wi kMR Hh KA I
UE S5 HI[C)/2019 4G =+ — i) 4 EHN AR WL
B 0% WEGE S SIEMN T2, 2019,

[ 2] ZHANG Li-feng, Brian G Thomas. State of the art in evalua-
tion and control of steel cleanliness[J]. ISIJ international,
2003, 43(3): 271.

[ 31 ZHANG Li-feng, Brian G Thomas. State of the art in the con-
trol of inclusions during steel ingot casting[J]. Metallurgical
and Materials Transactions:B, 2006, 37(5): 733.

[4] ko, Zdn, (3. M0 bk R e A W AH S BE Rt 7T
(D——AEFRATERE T I RBURL I A S I, K
K, 28, LRRARI]. M8k, 2013, 48(1D: 1.

[5]

[6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

KANG Youn-Bae, Hae-Geon Lee. Inclusions chemistry for Mn/
Si deoxidized steels: thermodynamic predictions and experi-
mental confirmations[J]. ISIJ international , 2004 ,44(6) : 1006.
Hideaki Suito, Ryo Inoue. Thermodynamics on control of inclu-
sions composition in ultraclean steels[J]. ISIJ international,
1996, 36(5): 528.

REN Ying, ZHANG Li-feng, P Chris Pistorius. Transformation
of oxide inclusions in type 304 stainless steels during heat treat-
ment[J]. Metallurgical and Materials Transactions:B,2017,48:
1.

WANG J, LI W, REN Y, et al. Thermodynamic and kinetic
analysis for transformation of oxide inclusions in solid 304
stainless steels[J]. Steel Research International ,2019.

YANG W, GUO C, LI C, et al. Transformation of inclusions in
pipeline steels during solidification and cooling[J]. Metallurgi-
cal and Materials Transactions: B,2017,48(5): 2267.

YANG Wen, GUO Chang-bo, ZHANG Li-feng, et al. Evolution
of oxide inclusions in Si-Mn killed steels during hot-rolling pro-
cess[J]. Metallurgical and Materials Transactions: B, 2017, 48
(5):2717.

Marc Wintz, Manuel Bobadilla, Jean Lehmann, et al. Experi-
mental study and modeling of the precipitation of non-metallic
inclusions during solidification of steel[J]. IS1J international,
1995, 35(6): 715.

CHU Yan-ping, LI Wei-fu, REN Ying, et al. Transformation of
inclusions in linepipe steels during heat treatment[J]. Metallur-
gical and Materials Transactions: B, 2019: 1.

TRALUE . RS R IR, RS, 2016, 41(D): 5.
VPEEK, xidom, EEA S RIMER AR I A YR I 07
[J]. &%, 2018, 43(6): 61.

AR, VPR, i, 55 . SPHE 355 08 Je A W1 K 56 A1
ST, R, 2012(6): 36.

U, VR, 225 PR 8620RHIE R h K AWt
FET). 45, 2017, 42(3): 39.

TR, I, T BEK. MR R o DR A 2R MR 2 W]
B, 2014(6): 46.



