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Abstract: In order to improve the refining process of low carbon and high-strength container plates four
steel samples were prepared by adding Ce into the molten steel containing 0. 08C-0. 60Si-0. 45Mn-0. 3Cu—
0.09P( mass%) at 1 873 K in a 3.0 kg vacuum induction furnace under Ar atmosphere ( 800 Pa). The
chemical composition SEM and EDS analytic results were obtained to study the cleanliness of 0. 08C-0. 60
Si-0.45Mn-0. 3Cu-0. 09P=xCe( mass% ) steel and the change of inclusions. When Ce content was 0 the
inclusions were MnS-MgO-Al, O, system; when Ce content was in the range of 0.008% ~0.020% the
inclusions were MgO-Al,0,-Ce,0, system; when Ce content was 0. 043% the inclusions became
FePCe-Ce, 0O, system and spherical inclusions of 2 pm or even smaller than 0.3 pwm were transformed from
7 pm inclusions with irregular shape. The residual area of inclusions in the steel matrix was reduced by
58.1% and the size of inclusions was below 3 pum approximately. The liquid steel was cleaned profoundly
due to the floating up and removal of inclusions which were formed by Ce deoxidation and desulfuration.

The formation of different kinds of inclusions was relevant to the relative thermodynamic conditions.
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Table 1 Chemical compositions of experimental steels %
Sample Ce C Si Mn P S 0] N Ni Cu Al Cr Fe
No. 1 0 0.06 0.54 0.45 0.084 0.017 0.0081 0.0029 0.016 0.30 0.004 0.47
No. 2 0.008 0.09 0.55 0.39 0.072 0.009 0.0033 0.0027 0.018 0.25 0.010 0.45
No. 3 0.020 0.09 0.64 0.43 0.094 0.005 0.0012 0.0025 0.016 0.30 0.016 0.50
No. 4 0.043 0.07 0.65 0.44 0.105 0.003 0.0009 0.0021 0.017 0.30 0.033 0.49
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Fig. 1 SEM image( a b) and EDS results( ¢) of inclusion in steel No. 1
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Fig. 2 SEM image( a b) and EDS results( ¢) of inclusion in steel No. 2
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3 No.3
Fig. 3 SEM image( a b) and EDS results( ¢) of inclusion in steel No. 3
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Fig. 4 SEM image( a b) and EDS results( ¢) of inclusion in steel No. 4

1) 0. S Ce
Ce 0.043% 0. S
0.000 9% -0.003 0% ; p
.« 70

0.09%

tE w% a%
0 3842 7147
Mg 090 121

Fe (c)

= S 944 953
= Ce 5124 1179
3 & 100 100
-

figtit/kev

SEM EDS

10 1 2
0. 043% Ce 2 pm
\49% FePCe - 51% Ce, 0,
p N P N P
13 P .
Fe - P - Ce
8
P o
Ce 0.043%
p Ce
Ce, 0, .

Ll W% at%
(c)
0 0 2299  61.8(
P 800 11.10

Fe 1276 9.83
Ce 5626 1727
100 100

it fit/kev

EDS

2) SEM
0.008% ~0.004 3% Ce
Ce : Ce
0.020% 58.1% -



3) Ce 7 pum 1 pm MgO-Al,0,-Ce,0,S( Ce,0,)
MnS  Al,0,-8i0, Ce 0.008% ; Ce 0.043% 2
~0.020% 0.3 pm. pom FePCe-Ce, 0, o

10

11

12

13

Song Yulai Wang Bin Chen Bangwen et al. Effect of molybedenum and titanium on the microstructures and mechanical proper—

ties of 700 MPa antiweathering steel J . Journal of Iron and Steel Research 2011 23(7) :31.

( N 700 MPa J. 2011 23(7) :31.)

MITSUHIRO NUMATA and YOSHIHIKO HIGUCHI. Effect of changes in sulfur and oxygen concentration on changein nitrogen

concentration in liquid steel during CaO-CaSi powder blowing under reduced pressure J . ISIJ International 2012 52( 11) :

2019.

Wang Longmei. Application prospects and behavior of RE in new generation high strength steels with superior toughness J .

Journal of The Chinese Rare Earth Society 2004 22( 1) :48.

( . J. 2004 22(1):48.)

Liu Xiao Yang Jichun Gao Xuezhong et al. Thermodynamic analysis and observation of inclusions in RE2Crl3 stainless steel
J .TIron & Steel 2010 45(8) :65.

( . 2Crl3 J. 2010 45(8):65.)

Zhang Feng Lii Xuejun Wang Bo et al. Control of inclusions of non-oriented silicon steel sheets by RE treatment J . Iron Steel

Vanadium Titanium 2011 32( 3) : 46.

( . J. 2011 32(3):46.)

Sun Hao Ji Yunping Chen Lin. Effect of rare earth Ce on microstructure and properties of X65 pipeline steels J . The Chinese

Journal of Process Engineering 2010 10( 2) : 240.

( . Ce X65 I 2010 10(2) :240.)

Li Changrong Yang Hong Wen Hui. Thermodynamic analysis of modification treatment of rare earth elements on inclusions in

hard wire steel J . Hot Working Technology 2001( 8) : 12.

( . J. 2001( 8) : 12.)

Ren Haipeng Zhang Wanxian Yan Zhensu. Effect of rare earth on toughness of atmospheric corrosion resisting steel containing

copper and phosphorus J . Journal of Northeastern University 1991 12(2) : 169.

( . CuP J. 1991 12(2):169.)

Zhang Dongbin Wu Chengjian Yang Rang. Grain boundary segregation of P in Fe-P and Fe-P-Ce alloys and effect on their brit—

tleness J . Acta Metallurgica Sinica 1991 27(4) :111.

( .FeP  FeP-Ce J. 1991 27(4) :111.)
ABIKO Kenji SUZUKI Shigeru KIMURA Hiroshi. Chemical state of phosphorus segregated at grain boundaries of iron J .I-
ron & Steel 1983 69( 6) : 625.

( . I 1983 69(6) : 625.)

Wen Bin Song Bo Mao Jinghong et al. Characteristics of deoxidation products in molten iron treated with magnesium during
melting J . The Chinese Journal of Nonferrous Metals 2010 20( 3) : 578.

( . J. 2010 20( 3) :578.)

Ji Jingwen Li Maohua Xiao Lianfang et al. Experimental studies on low temperature brittleness of phosphorus containing
steels and iron-phosphorus alloys J . Acta Metallrugica Sinica 1981 17(6) :293.

( . Fe-P J. 1981 17(6) :293.)

Yin Shuchun Li Jiajun Wang Shebin. Study on deoxidization thermodynamics of trace rare earth element and formation mecha—
nism of inclusions in LZ50 molten steel J . Journal of Taiyuan University of Technology 2011 42( 6) : 646.

( . 1750 J. 2011 42(6) :646.)

7]



