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No. C Si Mn P S Al Cr Nb (0] N Ce Ca
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Fig.1 Typical inclusions with uniform composition in steel 1
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Fig.2 Wrapped composite inclusions in steel 1 and their surface scanning

: m b G Element X%
e 3588 Ce 64.04
0 4127 0 3596
S 21.85

6 pm & pm

0 1 2 3 4 5 4 J 8% 9 Il 12713 14 15 B 1 23 4 5 & T 3 9 1011 12 13 14 15

368754 counts in 30 seconds 509956 counts in 25 seconds

B3 2°~4"[w(Ce)=0.0160%~0. 0250 % | $R 1L FY Jz L
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Fig.4 SEM images of three-dimensional morphology of inclusions in experimental steel treated with Ca
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Fig.5 SEM image of three-dimensional morphology of inclusions by rare earth treated steel

. S s I ] ST P R B8 RE T I VAR A ik AT

300 — TN T T B 7 Sk S AW e J WU BE ST B R AR 1 AR

250F nS-Ca$S “al-/ “aS < s N
[ Eisos mmGoNOCE fLh, B+ A5 Ca JhEA b, 5K 3 A B AT

I BERE Ce £ i B 0T 3G 0, (R S 2% W °F- 3 R
AT Ca b A AR, 2 w(Ce)=
0. 0160%It} , Je 2= W) - ¥R 42 B 2. 372 pum JE/N &2
1.789 wm, 5 1" Ca b3 HAH b I 22 ) °F- R0 A2 I8
BT 24.6% ;2% w( Ce) = 0. 0250% , I 21 F-H ki 4%

Inclusion size distribution/(No./mm?)

DG HE— BN 1,467 pm, 5 Ca AbFIAH I e 2 -
E(; g‘:ﬂﬁ%m;&%%ﬁ#ﬁ*ﬁﬁw@ iéj*jﬁéyﬁ//l\T 38 2%0 %L%iﬂs, %iﬂlﬂ H: Ca

Fig. 6 Distribution variation diagram of inclusion size Ak BEAEAN HH 2R AL e 2 W B0 4 TSR, S0 3% ,H b
in experimental steel w( Ce) MIBGIN, J& 2Py RAT BB/ )N



62 Hii

+ 545 &

)

e 777 Inclusion number density
400 2572 —m— Inclusion number average particle size

420
1787 o
s /.//.

300 ¢

200

100

Inclusion number density/(No./mm?)

Inclusion number average particle size/pm

7 KRR EMBEERTHRENETN L
Fig.7 Variation curve of number density and average

particle size of inclusions in experimental steel

2.3 HAFEHH

ATCRH Factsage8. 1 4 7 “# 8 A6 58 94 1k
RGBT AT TR RS R A 8
ZE 11 Fias, K8 A 17 Ca kb3 52 56 A0 5E [F i 72
(1200 °C ~ 1600 °C) Iz oA th A= L AL, i &
A B AR R ER e 2R F 1600 °C T fH KT Y, MnS-
CaS J& 2= 7rEE B R WY L, BT Ca AL BAE JUAS 58
G (0 A5 A9 [ 58 A e AR E AT Y ALO,, BT
ALO, 5 MnS A R AF MRS LR | 765K ik o5 11 10
H1 AL O, JeZ& Hil CaO-AL0, AJ4E A MnS FI CaS F
SR AZAZ O A 5 [ 5 R b s A B B B i
WALERIE G I, Tt A R S SR
g3,

3 Fl Ce Fi T, 1600 °C FNEE & IR B (1200 C ~
1600 °C) A48 v Je Ze Wy i i A R SO [, L
2*SEEGH w (Ce) = 0. 0160% A1, 45 SRk 9 =K
11 R, B 9 Al%, 1600 °C 441F T ,w(Ce)= 0~
0. 0300% , T & I 2 1y 1) 38 A2 AR IR O« AL O,
—CeAl0,—Ce,0,— Ce,0,S, 7% 3C I 16 X A 43 5
1600 C 451 T 1Y I 221344 Ce,0, Fl Ce,0,S
e IR 10 T, Ce BSES O RN ,0 i,
Ce, 05 A B A A DB K IR B (2K 1Y Ce &7
T, Y w (S) = 0. 0008% I, 48 & 1 M, 2k R
Ce,0,S FrT& 1 w( Ce) B , X — T 25 51 517 AW

FAER - T 4SRN, 0.8 TR
T2 3P, (A5 Ce,0, A Al 19 06 H 5, A B
Ce,0,S Fri ) w( Ce) ficim , H 4*40 Ce,0,S T 421
A R R, S BRI 25 SR — 3

0.020

0016 |
ALO, Ca0-ALO,

0.012

0.008 p

0.004

Inclusion precipitation content/%

MnS-CaS

0.000 = A L
1200 1300 1400 1500 1600

Tc

8 1200 °C~1600 CT 1"§54b 32
SEE R SR M AT H EE
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Effect of Rare Earth on the Occurrence Characteristics of Inclusions

in High-strength Wheel Steel

LIU Jun', HAN Rong-rong'*, ZHANG Bo’" , LI Ming-guang', MIAO Jun',
LIU Hong-liang', LIU Cheng-jun’

(1. National and Local Joint Engineering Laboratory of Advanced Automotive Steel Development and Application Technology,

Technology Center of Bensteel Group Co. , Lid. , Benxi 117000, China;

2. School of Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract : The effects of rare earth on the type and size distribution of inclusions in high-strength wheel steel were investi-

gated by high temperature simulation experiment and thermodynamic analysis, and the occurrence characteristics of inclusions

in rare earth treated steel was compared with the traditional calcium treated. The results show that the inclusions in aluminum

deoxidized wheel steel after calcium treatment are mainly Al,0,, MnS, (Mn,Ca)S and CaO-Al,0;, and Al,0,-(Mn,Ca)S

and Ca0-Al,0,-CaS wrapped composite inclusions. Compared with calcium-treated steel, the content of Al,O; inclusions in

wheel steel after rare earth treatment is reduced, MnS and (Ca, Mn)S nearly spherical inclusions of Ce,0; and Ce,0,S were

formed, and the size of inclusions decreased significantly. With the increase of rare earth content [ w( Ce) = 0.0160% ~

0.0250% ] , the proportion of inclusions <5 pm increased from 91. 0% to 99. 8%, and the effect of rare earth refining inclu-

sions was remarkable. In addition, the thermodynamic analysis shows that, with the increase of w(Ce) in wheel steel from 0

to 0. 0300% , the change rule of main inclusions in molten steel is Al,0;—CeAlO;—Ce,0;—Ce,0,S at 1600 °C. The modifi-

cation of Al,Oj; inclusions in steel can be realized by rare earth treatment, and the formation of MnS inclusions during solidifi-

cation can be effectively suppressed, resulting in Ce,0,S and Ce,O; inclusions.
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