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Evolution of inclusions in IF steel during continuous casting process
Hao Xiaoshuai', Bai Xuefengl, Sun Yanhui', Guo Zhijiel, Zeng Jianhua’, Zhang Min’, Wu Chenhui’

(1. Collaborative Innovation Center of Steel Technology, University of Science and Technology Beijing, Beijing 100083,
China; 2. Pangang Group Research Institute Co., Ltd., Panzhihua 617000, Sichuan, China)

Abstract: The evolution of inclusions in steel of the continuous casting process of IF steel produced by
a plant was studied by systematically sampling including molten steel and casting billet. The methods of
analysis mainly include analysis of total oxygen and nitrogen content, ASPEX scanning electron micro-
scope-spectrometer and thermodynamic calculations. The results show that the content of total oxygen
in steel during continuous casting process presents a total decreasing trend. But there is a secondary ox-
idation of molten steel by covering agent or resistant material at the opening stage of tundish. The com-
position of covering agent or lining should be adjusted appropriately, so as to make the content of T.O
and [N] in casting slab is 12x10 ° and 21x10 °, respectively, which meet the control requirements of IF
steel. The trend of the number density of inclusions in steel during the continuous casting process is
consistent with the trend of total oxygen content. The increase of the number density of inclusions in
slab is subject to TiN precipitation during solidification and cooling. The number density of inclusions
in the molten steel in the tundish injection area is lower than that in the pouring area during the entire
tundish process, whose size is larger. With the pouring, the content of MgO of inclusions in the molten
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steel of tundish gradually increases, and shows a negative correlation with the size, and the inclusions
larger than 10 um are concentrated in the area with high Al,O; content. Thermodynamic calculation res-
ults show that the stable inclusion phase in the molten steel at 1 600 °C is only AlLO;, but some
Al,05—TiO, inclusions are found in the experimental results, which is due to the addition of titanium al-
loys in the RH refining process causing the local Ti concentration to be too high, which provides condi-
tions for the formation of TiO, and Al,O,—TiO,. There are TiS-containing inclusions in slab, including
pure TiS inclusions and composite inclusions of Al,O,—TiS and TiS-TiN, and the size of such inclu-
sions decreases with the increase of mass fraction of TiS.

Key words: IF steel, continuous casting, non-metallic inclusions, evolution, thermodynamic calculation
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3 ERNBENFRFYHEMRTEMN

Pl 2 i b AN Pl 2 ) R A RT3
HARAE . ATRUA Y, i S R v Je 2 M o
WAL S T.O MBI — 2, ok
Wy e T A i DR A 5 & AT o TR

(4 TiN Je 244 . HhRlELaG Hh 0, 8 XA e
F W) BB 2 T 1 L R T IX /DN, 1S Fh T4 P Y
e LA AR TR, I X v ) R
T, Je AWy bR BRI AR ] L X . ]
ALTTBE B BRI P Je 22 00 135 AR K, k2
RFF e BERR AL B, Hh R AR R,
VEVR AR I 2 ) 3 RGE B L Be i XK, 3X
JE TR P e Ze i A B, KRR SHR e
ZeWyia) EasshE) e f B, RH Hh . R
PRI Hh e 28 R Akt LS5 SR &l 3 Bw,
RH i3 R A 10 pm BT 994591 sF
O3 AL, 10 ~ 20 pum Y I 250 & T, Hp e 4
8 RH HEA B R A3, %5 10 pm DUTHY)
Je W 53T 98% LA |, 20 um DL A I 22 WY
i 0.16%.

60
WA DR 1, 2, 3 R DEER RS

_sol —O- B 1s

P -0 FHRF

é40 A 4 g
< O O 1" %
N / \3/ o |'%
%330t g 138
I8 O 0 e
= 20 + / \ ) / 12 §
ﬁ P o/ \ é ®
# 10l o— 0/ 41

RH 3k GO0 1 DETE 1 0 2 Deid 2 FEdi 3 8 3 #IR
T
B2 EHFIRINFRAIBEZEMEHRTEL
Fig. 2 Variation of number density and average size of in-
clusions in steel during continuous casting process

40 U 7IRH
15 _/ = —
7= N
® 30 WE
2 |l
25 -@q 7=
Jﬂﬂlﬂ (= =
20|75 =
R = E
H IS AN Ve
N 7=N17=
CIENTE
7= ;
o N E 7. S
1~2 2~3 3~4 4~5 5~10 10~1515~20 >20
JeAL 4 RS /um

3 RH bt E/E MG R SETE PRI R T 5ttt

Fig.3 Comparison of the size distribution of inclusions in
molten steel of RH outbound and tundish and in-
clusions in slab



- 170 - W gk Pl K

2022 45 43 &

4 EFHF AN E KRB IRE

MR 1 B 4), SR F FactSage8.0 #4 Jj 22 8 {4
Y Equilib # bk, % $E FactPS, FToxid 1 FSmisc %X
P ZETHEAS 5] 1600 C K IF 8 AI-Ti-O “F# A
B, W&l 4 fios, 78 IF S, B R e fE e
SZYIA A ALO,, SRR IR 45 R H e W5 F|
FHSECR Y ALOS-TIO, Je 444y, i i TINASK A
&5, SRR TiMREE =, o TiO, A1 ALO,-TIO,
AR AR ML T 454 R4 ASPEX Je 244 A sh1
ST AE R, g 2 FR, S48 A A e
2= FER N ALO, Fl ALOL-TiO,, ALO, FE N
™4, ALO,-TiO, FENNER 5 A i, 3 W e 4
07 2 T T e B 2 80% LA I, HAZEA R
D ALO,-TIN, TiN. TiS R f v A 117 45
FRIRER LA K it 25 Je 2, Horpr ALOS-TIN, TiN, TiS
ZEPFRAHI T B . L, X E S A A
B e 2 157, eAd =2 ETE ALO, Fll ALO;-
TiO, MFPJE41) .

10

100 -

w [Ti)/%
=

1072 p—=—"-30_

1073 . .
10 1073 1072 107! 10°
w[AL)/%
4 1600 C FIREIEZET IF 84 AITi-O FEHHEE
Fig. 4 Al-Ti-O equilibrium phase diagram of IF steel un-
der different oxygen contents at 1 600 °C

®2 EHPESNKHAREZEERAAILL B

Table 2 Proportion of different types of inclusions in mol-

ten steel of continuous casting tundish %
TF ALO;, ALO;-TiO, HoAth
RH 2k 55.2 32.7 12.1
rp )AL AT X 67.3 24.4 8.3
Fha] AL AT DETE X 75.5 17.9 6.6
rh ) P R X 46.6 333 20.1
e a2 H I pETE X 68.3 227 9
e )AL S I X 65.6 23.6 10.8
e S R T X 722 16.4 11.4

[ 5 S DN RH 3 2] v a4 58 9 5 AR e
F W45 A 3 B i AR, AU AR L o
AlLO;. TiO, il MgO. mILIFE H, 5 RH Huf HeEs,
H L GEE R B h I 22 Ymh ALO; B BT i 434K
M 81.2% T % 88.5%, 1fi TiO, HIBTRAIEUN 18.6%
FEARZE 11.3%, R BE i, a2y mis &
B A E, ALO, I 5 4> B 7E 86.7% ~
89.5%, TiO, B it /3 4UHE 10% ~ 13.1%, BB
HEAT, Je 22 MgO 1) 5T 5 43 5504 i i, 32 FH
FHEF PR P B SRR F A S5 ALO; &
A SN B AR A i A ™

100 0.5
90}
s 80t 0.4
S 70t
%60- 1038
S
iig ozg
S ¥ 25
= 30t
= 20} 10.1
10}

0 . . ' : 0
RH ol ]ty il as i e s
Ty

5 EHERNPREDFHIRSEN
Fig. 5 Variation of the average composition of inclusions
in steel during continuous casting process

Kl 6 SRRl rhIe e R S E R
MEL 6 T LUE H, B I W) RS 135 K, =)
H MgO B 8 R PGB, 5 um DLUF B9 4%
Y1 MgO B 550 50AE 0.29% ~ 0.75%, 5 ~ 15 pm
1yJeZerh MgO i T /08I T 0.14%, 15 um L
Ry R L BA MgO 44y, RSF/NVT 5 um
ez, ALO; #l TiO, KB - BN R, 73
WITE 87% ~ 92% F 6.5% ~ 12.3%, N ~F KT 5 um
I, B & I ROT BY3E R, ALO, By J5T 73 5502
FEAIR, TiO, MY T it 3 E50Z W -5

R T 2D AL AR e 24 A FR
HHSC R, B BRI FP AL R B T,
Klrh, anisl 7 pios, B A R e 24P Tio, iy
Frit oA, Bty 0 FoR Ak Tio, By BT 434k
4 0, ALO; BB 434X 100%. 1T LA H MR 2
JE W, v AL B XN Hh e 2 0 B3 e i Wt /L
BRI R, X S ETSCK 2 455 Aith
J& e 2 i - 241535300 R 86.9% ALOs-13.1%
TiO,. 88.7% Al,0,-11.3% TiO, 1 90.0% ALO,-10.0%



3 1

HRBIEI, 25 TF 4 b e 2 A e e A rh 8 AR T - 171 -

TiO,. ##id 80% BYIZWH I K EHAZAE 5 um LAF,
HAN A 504, >10 pm 5392 Ze ) 48 oA
TE ALO; 75 i = 1Y X

100 1.0
S 80} 10.8
S

S
E60} 106 &
5 @
& p
g 40t 104 2
<
=20} {0.2

1~2 2~3 3~4 4~5 5~1010~1515~20>20
Je R pum
Ee6 HEBMEHRIEIRTIRTHIER
Fig. 6 Relationship between the size and composition of
the inclusions in molten steel in tundish

GEGI L A MBS, T AL A7 A
BRIR Btk AR | FEREIRAER ALO, Je42AIA
] AL-Ti 7345 i ALOs- TiO,.  ALO, J& 2y iy it 7Y
TSN 8 [z, 2T ) Je 22 e vh el b iy
B, A ALO; YIRS 28 1~ 10 pm,
WK 8(a)~(H) iz, KRN ALO, JeZ2 ¥y iy R
ANAHLEIL K, WK 8(g)~G) iR, MEZR|—Fh
ALO;- TiO, JeZ W BLANESL, W& 9 s, & 9(a)
9 AL-Ti 51040 ALO,-TIO, Y424, RHE 2 pm
Zif7, I 9(b) h ALOL-TIO, SN2 FEFH ALO, WK,
RSHTE 2 um Z247, K1 9(c) M ALO, ZUIEH AlO;-
TiO, W%, RFEKR, 2078 8 um, I 2 i IE i
SEE A A UK BOR OC, TEERE 4R IX 2R
A ALOS-TiO, JEFIERUL Ti/Al IX, {22 ALO, fi:
B, TR ALOS-TiO, INEZMuZE ALO, FITESH™

40 40 40
35+ * PR 351 FHHER 100.4 mm? * Py 351 FHTEIF 100.4 mm? * SR
g °~ 1 > @ =) W 24224 = Bt 14554
=307 ?2;“”" et e 530 F BT 24.12 4 mm? $30 F BRI 1449 Avmm?
T250 @ EEE 3301 Amm :Eﬂ 25+ ° °® ° :Eﬂ 25 °
220t o “',? =20t ° =20 °
= ] = o &=
15+ ° 15+ 8 15 e o
i ° o ° %, Ei & °oy °, °
w10r .. ? . Lo &a S10f RIS X O
S5t . 3 ",_ 5t L St P w e,
oL i AR 2R NEL_STES R L e ‘
Al,050 20 60 80 100TiO, AlL,0;0 20 40 60 80 100TiO, AlL,0;0 20 40 60 80 100TiO,
SeZLpprh TiO, AT 50 % Je 2L TiO, f 75U % JeZL W TiO, F R 55U %
(a) B (b) " (c) JEr 4

7 HiEEREXME RIS TR T

Fig. 7 Composition and size of inclusions in molten steel in the tundish pouring area

@) GElE ©
K . —
2 pm 4 pm e 3 pm
((/i) / (e) (f)
A : ( ‘
’ ) - ol
3 um : 3um | 3 um
© ‘ e = (i

Y -
3.um ¢ 3 pm 10 pm

(@) BRR; (D) PEbR; () AHUIR; (d) £84K; () JARs (D BRI (@) FERER; (h)AERRR; (DB
8 HEEMNET ALO, KA4IHIHREIF LR

Fig. 8 Typical morphologies of the Al,O; inclusions in molten steel in tundish



<172 - W gk Pl K

2022 45 43 &

(2)

(b)

(©)

(a) AI-Ti 5] 43 ; (b)AL-Ti 4355 Al; (¢)Al 92 AI-Ti
9 EIENITRT ALO:-TIO, ZAHIHA IR ER

Fig. 9 Typical morphologies of AL,O;-TiO, inclusions in molten steel in tundish

5 B FRBWHRE

R 45 KR, b I g Y KA R ALO;.
ALO,-TiO,. TiN, ALO,-TiN. & TiS Z5HIf#&E MnS.
X ASPEX H ZhA#i L Bi gt T i 5 I e it 474y
Br, G562 5y FOE S0 W, 1521 & RS AU Y 2
ZeWa e an sk 3 Fros . MRERER 1y, R
FactSage8.0 # J1 248K (4% Equilib FH, £ $% Fact-

PS. FToxid Hl FSstel £4f = 115345 2 IF SN7ER H)
1SRRI A AR AL, WA 10 FT7R, TRAHZRIREE A
1533.58 °C, [EAHLIRAE ] 1 525.59 C. BEERE T
W, B 2eHTi ALO,, B 1 535.77 °C B, ALO, f & =FF
WEFEAE R 0.001 9% S F3EHN, JEEEREZ 1 533.22 °C,
TG TiL,0, F1 TiO,, H & AR A8 K.
TiN 7 [ % P AH X I GE AT, R B[] R s A
£ 150645 C BEHAHORETE 0.002 9%,

®3 HHEPIRIRERAMEI LS

Table 3 Proportion of different types of inclusions in slab %
ALO; ALO;-TiO, TiN ALO;-TiN CRSRES MnS
11.1 24.4 28.7 19.7 15.5 0.6

0.0040

M - - - A iimﬁ

0.0035

& 0.0030 - TiN "

ﬁ 1]
<= 0.0025 - !
i

#= 0.0020 | ALO,

o>

I
I
I
= 0.0015F !
;0. |
17 |
1
|

R
 0.0010 - TiO,

I
I
0.0005 | / Ti,0, !
¥
O 1 1 1 1 1 1
1000 1100 1200 1300 1400 1500 1600
L/
10 IF $RANIIEF RAMMBEIL
Fig. 10 Changes in the phase of inclusions during the cool-
ing of IF steel

B I Sl Ze W ) L RUTE SR A0 T 11 ~ 13 iR,
ALO; 1 ALO,-TiO, WTE 55 5 H [H] 63 P LA,

{HFEAR ALO; it B i 3di /s TIN RIS R 24800
e, WA =M. ZH AR, RF £
4 2 ~ 6 pm; ALO;-TIiN & ALO; %0, TiN FFTE
b e =4, HAME 5 TiN AL, S
ALO; #%L>, 3 R 58 A BRI 58 2 L L AP B S,
RSFR 2~ 6 um; 7625 TiS 283 224 g 5] Fn4ii
TiS Je ¥ F1 ALO,-TiS M TiS-TiN H & & Je 24,
4l TiS Al TiS-TiN JEMR b 4R, BB K 4, ALO,-
TiS JEAR R ERPCIR, ZE 448 F 55 T 22 B I 2 B AN
[ 5)2, XGRS 20 1~ 4 pm,
PR 1) e 2245 8] ALO,-TiN-TiO,-TiS-
MnS th e E N, WK 14 s, WE 14 /TLLE
th, FHER IS A P Ay, — AR R
o R B RUINER & 41k ™ AR B 2 ALO, Je 2t
I ALOS-TIO, E & Je 28, ALO; & Rt #4 = I Je 4%



5531 RGENN, 552 IF b S et o5

TR AR T - 173 -

WIRSE HE K 57— 43 S 5 e [ A 20 # vp
Br Hi B9 TIN, TiS &E'Ej ALO, JE I B & I 44,

B3I 22 RE AT /IS, 4843 4E 10 pm LU
o N BT I A2 FORST B E R B
5 2 v Sl 2 W 4 R ST TR R AR S 447 g 4 42 i
E 15 i, ol LG H, B e 24 RT3, ALO,
A1 TiN 1) T & 0 2028 fb 2 B = i 3, 10 pm

(2)

(b)

(©

3 um

DI F AR S22 ALO, i 363 70%
DI F, 2~ 10 um ByJ 429 TiN ) T & 7 Fok 2|
45% VI 1o 1 ~10 um RJeZ<¥h, TiO, AR 4140

FasETE 20% T, KT 10 um e 2y, H i
O3 ECA TR . TiS 15
KN,
—3

5 BB IR R
3 13 00 TS 50N R0

(@) KITIIR; (0) ZFIBAR; () AR
E 11 $HEH TiN R HRAT R
Fig. 11 Typical morphologies of TiN inclusions in slab

(2)

(b)
.

2 um

... O
(©
®
2um

(0)

(a) SEA LAY ITIEAR; (b) Se BRI ARIAR; (o) A Te R R ARIIAR

B 12 45 ALO,-TIN REAIEI AR SR
Fig. 12 Typical morphologies of Al,O,-TiN inclusions in slab



- 174 - W &k #1 K

2022 45 43 5

(2)

Y
(®)
©)
b J
(2)4l TiS FeZ#); (b) TiS-TiN H & ZH); (¢) ALOs-TiS &)
El 13 TS TiS LFR4In9 AR SR
Fig. 13 Typical morphologies of inclusions containing TiS in slab
TiN TiS )
EHMIEA: 100.4 mm? 0190 75 B 2 Q100 R fum
AW 2 5424 20
K EA: 28.54 um %(5)
P EAE: 3.48 um 25 5
o 2532 >/mn? 1
By JEEH AL 3
50 2
1004 0
0 80 100
TiO, ALO, MnS
El 14 SBEFRAMNRLST 7
Fig. 14 Composition distribution of inclusions in slab
o IO 24 9 B R R BT A Iy . #EER R T.O
Bk 1210, [N] A 2110 °, £ TF ]
< 80F BOR. SIRYI BB W AR T.0 —2, #5H
& " ST RS PR B TN S D R 5 [ v 20 Y T R
o f TN JeZg¥) . SR TP IO, Xk
= d0f AR B LU DR TE DO/, (EP RGP R, 325
p " TUEATE I, ARG R 10 ~ 20 um (2]
e s RH 2l B 3400, #5508 Fh T 20 um B
or FAIL Y 0.16%

1~2 2~3 3~4 4~5 5~1010~1515~20 >20
Je 21 Rt jum

B 15 $HFEPREMRTRBLTHIR R
Fig. 15 Relationship between the size and composition of
inclusions in slab

6 %

D) G PR T.0 BIE F 2T REE S,
Hh AL AL TFR T B 52 21 S0 B0 o ) — 4,

2) I ET BRI 1600 °C B, AN FR
SELFTERITZMA WA ALO,, SR ITHAIRZE 5 2 3
FEERR 21 ALOS-TIO, Je 444y, X2t FInAEK A
& e, 1 RURER Ti W&, A Tio Ml ALO,-TiO,
FITESAROE T 450k B DRI T, Je 449 MgO
() LT, LS RS KBER ISR R, K
T 10 pm I ATE ALO; 7 &= A Xk

3) e e £ EIA R ALO,, ALO,-TIO,.
TiN. ALO,-TiN & TiS 2. Ik ALO, B ik



3 1 HRBIEI, 25 TF 4 b e 2 A e e A rh 8 AR T - 175 -

b, TIN BB 8 K 2 %0k 77 %, ALO,-TiN & Je LMy F1 ALO,-TiS K TiS-TiN M &Iy,
ALO, A%y, TiN FEIEAZAT H I 42490, 73 R 5¢ J IR ST LK 1 ~4 pm. 10 pm P A Se 2y b
SAEMASESAEPFIES, XTI YN ALO, BB/ EUA R 70% L) -, TiS Ay Fi &/ %k
%20 2~6um. TEF TiS ZeJe ¥y h MEZLH) 4l TiS SRS S/ N B N1 %

B2k

(1]
[2]

[3]
[4]

(91

[10]
[11]
[12]
[13]
[14]
[15]
[16]

[171]

[18]

[191]

[20]

Yang Wen, Wang Xinhua, Zhang Lifeng, et al. Cleanliness of low carbon aluminum-killed steels during secondary refining
processes[J]. Steel Research International, 2013, 84(5): 473.
Deng Jianjun, Wang Rui, Hao Yang, et al. Cause and control of strip defects on the surface of IF steel cold-rolled plate[J]. Iron
Steel Vanadium Titanium, 2017, 38(2): 156—160.
OBHEZE, A7, RRPH, 45, TPHVELAR T AR BB B PR R4 7], SERBILER, 2017, 38(2): 156-160.)
Yue Feng, Cui Heng, Bao Yanping, ef al. Behavior of inclusions in Ti-IF steel[J]. Steelmaking, 2009, 25(4): 9—12.
(I, A, FEF, 55, Ti-IFH 2 PRI T A )], R4, 2009, 25(4): 9-12.)
Wang Quan, Liu Jianhua, Liu Jianfei, et al. Distribution of inclusions in IF steel casting billet[J]. Iron Steel Vanadium
Titanium, 2013, 34(4): 62-67.
(F4, Xge, XNk, 35 IPAIFE SR T Ie 2 W m s3I ER D). 9K PLER, 2013, 34(4): 62-67.)
Huang Rikang, Zhang Lifeng, Jiang Renbo, et al. Evolution of non-metallic inclusions in ultra-low carbon aluminum
deoxygenated steel continuous casting process[J]. Steelmaking, 2020, 36(6): 39-45,66.
(BT H B, BRAZIGE, 21708, 45, AR AR I AU 93 S B BN rh Il s S 2 W B8 [0, 15K, 2020, 36(6): 39-45,66.)
Liu Junshan, Ni Hongwei, Zhang Hua, et al. Ultra-low carbon steel inclusion control and research[J]. Iron Steel Vanadium
Titanium, 2018, 39(6): 150-154,167.
IR L, AL T, 5k, 55, B ARBN S 2 il SIS [T]. ERBILER, 2018, 39(6): 150-154,167.)
Deng Birong, Zhang Bo, Zhou Jianfeng, et al. Influence of 210 t RH refining parameters on cleanliness of IF steel and process
optimization[J]. Special Steel, 2018, 39(3): 31-34.
ORBasg, 5K, JASIE, 45, 210 t RHKTRSEOSTER L AR AL ZAUAR[]. Rk, 2018, 39(3): 31-34.)
Wang Yang, Cui Heng, Wang Zheng, et al. Effect of RH refining pure cycle time and sedation time on cleanliness of IF
steel[J]. Journal of Iron and Steel Research, 2017, 29(8): 649—653.
CETE, A8, FAE, 55, RIS HRALTEER I [R)FIER RN (8]0 TR 5 B2 )], BRI 242, 2017, 29(8): 649-653.)
Yang Wen, Zhang Ying, Zhang Lifeng, et al. Population evolution of oxide inclusions in Ti-stabilized ultra-low carbon steels
after deoxidation[J]. Journal of Iron and Steel Research(International), 2015, 22(12): 1069—1077.
Zhang Lifeng, Thomas Brian G. State of the art in evaluation and control of steel cleanliness[J]. ISIJ International, 2003,
43(3):282.
Cai Kaike. Quality control of continuous casting billetfM]. Beijing: Metallurgical Industry Press, 2009.
(BIFRE TR R M. JUat: 4 Tl ik, 2009.)
Katsuhiro Sasai, Yoshimasa Mizukami. Reoxidation behavior of molten steel in tundish[J]. ISIJ International, 2000, 40(1):
40.
Wang Min, Bao Yanping, Cui Heng, ef al. The composition and morphology evolution of oxide inclusions in Ti-bearing ultra
low-carbon steel melt refined in the RH process[J]. ISIJ International, 2010, 50(11): 1606.
Wang Cong, Neerav Verma, Youjong Kwon, ef al. A study on the transient inclusion evolution during reoxidation of a
Fe-Al-Ti—O melt[J]. ISIJ International, 2011, 51(3): 375.
Yan Pengcheng, Marie-Aline Van Ende, Enno Zinngrebe, et al. Interaction between steel and distinct gunning materials in
the tundish[J]. ISIJ International, 2014, 54(11): 2551.
Ren Ying, Zhang Lifeng, Zhang Ying. Modeling reoxidation behavior of Al-Ti-containing steels by CaO—Al,0,—MgO-SiO,
slag[J]. Journal of Iron and Steel Research International, 2018, 25(2): 146.
Zhu Tanhua, Zhou Qiuyue, Ren Ying, et al. Inclusion evolution in IF steel during tundish reoxidation[J]. Iron and Steel, 2020,
55(3):35-39,49.
CRIEAE, JARKA , AR5, 48, YA BRIFH  [R) 6 hole e i 17 R [0, AWK, 2020, 55(3): 35-39,49.)
Wang Min, Bao Yanping, Cui Heng, et al. Generation mechanism of AlL,O,-TiN inclusion in IF steel[J]. Journal of Iron and
Steel Research, 2010, 22(7): 29-32.55.
(CE# e, A, 4. IFI T ALO,-TINE & I 2 A A LIATFE (1], MRS 241, 2010, 22(7): 29-32,55.)
Zhang Lifeng. Non-metallic inclusions in steel: Industrial practice[M]. Beijing: Metallurgical Industry Press, 2019.
(57U, PR S B Ie 2. Tk 2R M]. bt 14 Tl i iR, 2019.)
Yu Shuzhong, Wang Dejun, Liu Zhenglong, et al. Effects of containing calcined forsterite tundish materials on steel
cleanliness[J]. Steelmaking, 2019, 35(1): 39—46.
(A, EAEZE, XEJE, 5. S BeaiBEMos A1 b IR G IR A A AR B Tt v BE 1 52 R D], 149, 2019, 35(1): 39-46.)

A A A


https://doi.org/10.1002/srin.201200213
https://doi.org/10.7513/j.issn.1004-7638.2017.02.027
https://doi.org/10.7513/j.issn.1004-7638.2017.02.027
https://doi.org/10.7513/j.issn.1004-7638.2017.02.027
https://doi.org/10.7513/j.issn.1004-7638.2013.04.012
https://doi.org/10.7513/j.issn.1004-7638.2013.04.012
https://doi.org/10.7513/j.issn.1004-7638.2013.04.012
https://doi.org/10.7513/j.issn.1004-7638.2018.06.024
https://doi.org/10.7513/j.issn.1004-7638.2018.06.024
https://doi.org/10.7513/j.issn.1004-7638.2018.06.024
https://doi.org/10.3969/j.issn.1003-8620.2018.03.009
https://doi.org/10.3969/j.issn.1003-8620.2018.03.009
https://doi.org/10.1016/S1006-706X(15)30114-X
https://doi.org/10.2355/isijinternational.40.40
https://doi.org/10.2355/isijinternational.50.1606
https://doi.org/10.2355/isijinternational.51.375
https://doi.org/10.2355/isijinternational.54.2551
https://doi.org/10.1007/s42243-018-0015-5

	0 引言
	1 生产工艺和研究方法
	2 连铸过程钢中T.O、[N]变化
	3 连铸过程钢中夹杂物数量和尺寸变化
	4 连铸中间包钢中夹杂物的演变
	5 铸坯中夹杂物的特征
	6 结论

