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Effect of Magnesium Treatment on Inclusion Formation and
Solidification Structure Ferrite Stainless Steel 430
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(1 State Key Laboratory of Metal Matrix Composite, Shanghai Jiaotong University, Shanghai 200240 ;
2 Research Institute, Baoshan Iron and Steel Co Ltd, Shanghai 201900)

Abstract The effect of 0.000 5% ~0.001 2% Mg on inclusion formation and solidification structure of ferrite stain-
less steel 430 (/% : 0.04C, 0.25 ~0. 32Si, 0.28 ~0.38Mn, 16.5 ~16. 9Cr) melting by a 60 kg vacuum induction fur-
nace has been tested and studied. Results show that with adding magnesium alloy in liquid steel 430 the size of MgO com-
pound inclusions in steel decreases while their number and density are increase; adding magnesium alloy is available to im-
prove the solidification structure of steel 430 and the lower the casting temperature the more obvious the improved effect, for
instance with casting at 1 580 °C the equiaxed zone ratio of magnesium-treated steel increases to 88.5% from 30.8% of
non-treated normal steel while the correspondent equiaxed grain size decreases to 945.3 pm from 1741. 6 um. The planar
dis-registry between inclusions containing MgO and 8 phase is minor, it is an effective heterogeneous nucleation agent to
promote the formation of equiaxed crystal and inhibit the growth of columnar crystal, finally fine the solidification structure

of casting steel 430.
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Fig.2 Morphology and ingredient of inclusion in ingot of steel 430 (a) Nol, non-adding Mg, inclusion Si0, ; (b) No2, 0.001 0% Mg, MgO

+ 5i0, compound oxide; (c¢) No7, non-adding Mg, 0.006% Al, Al,0O, inclusion; (d) No§, 0.0005% Mg, 0.006% Al, MgO - Al,0; - SiO, com-
pound oxide
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Table 2 Size and distribution of inclusions, equiaxed zone
ratio and size of equiaxed crystal in ingot of steel 430
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No. HfFd/um (10* - mm™%) % Rt D/pm
1 2.16 2.73 30.8 1741.6
2 1.87 6.90 88.5 946.3

3 2.09 5.81 22.9 [ 760.3
4 1.97 8.17 58.9 1118.5
5 2.50 7.76 8.3 1 487.9
6 1.85 15.38 13.5 1106.1
7 2.48 4.45 20.5 1490.1
8 1.82 9.09 54.8 1399.4
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Fig.3 Morphology of solidified structure of ferrite stainless steel 430 ingot ( diameter 155 mm): Mg, Al /%, casting temperature /C ,
Nol- non-adding Mg, 1580; No2- 0.001 OMg, 1580; No3- non-adding Mg, 1590; No4-0.000 5Mg, 1590; NoS5- non-adding Mg, 1605; No6-0.001 2
Mg, 1605; No7- non-adding Mg, 0. 006Al, 1590; No8- 0.000 5Mg, 0. 006Al
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Table 3 Lattice parameters and planer dis-registry of het-
erogeneous nucleating agents and § phase matrix
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MgO Wl 0.4210  0.4310 3.8
MgO - ALO, .7  0.8084  0.8195 1.2
BSI0,  HrH - 0.193 6 14.3
a-AL O, e 0.5140  0.5200 16.1

&-Fe WO ST Y - 0.2932 -

SEGZE B A R HENT, S8 A0 T AN h A LY MgO-Si0,
1 Mg0-AL,0,-Si0, E S RF XYM AT {ER & +
A ST, (Rt S S AT AR

B MBFENEEALTHRE —ERTX
%, Fletcher  E 2 MBS NR N 2% LIEBH T
b FEAE A DESZ GRS MR R
F 100,3-Fe BB BERL4H 2 nm, MR T 22
G R AR R TF 200 nm, LB H 4 B E R
M EERNTE BRI R T ER, BUNER IS
Y15 & MIFEIR R T SE AT B 2 AR T R P ER B a7
AT HI5E 430 A B L HEE RN SERE S 1 S
YIRTAE b 430 SEE L AR M A S R RIE M .

TEE MRS A ¥ R A RER G 6 5 5
1T EEFEAF (CET) , CET L B 7 H AR & % 5
G X B MR /D, 4% Humt!™ 42 1 69 CET #|
5 AR EE RS RO R M RAZ S

B2 H

[1] Hamada J, Matsumoto Y, Fudanoki F. Effect of Initial Solidified
Structure on Ridging Phenomenon and Texture in Type 430 Ferritic
Stainless Steel Sheets[ J]. ISIJ International ,2003,43 (12) ; 1989-
1998.

[2] maleds, LEYG, 8  il 4k 430 B R EREE AW
B [J]. P EM + 548,2010,28 (3 F)) :396-399.

[3] RE, RBE, 5%, & &R AL EREE E ML B R 2 a
L), SR BH R224,2002,24(3) :273-279.

[4] Shan Y,Luo X, Hu X, et al. Mechanism of Solidification Structure
Improvement of Ultra-Pure 17wt% Cr Ferritic Stainless Steel by Ti,
Nb, Addtion[ J]. J. Mater. Sci. Technol ,2011,27(4) ;352-358.

[5] Kim H S, Chang C, Lee H. Evolution of Inclusions and Resultant Mi-
crostructural Change With Mg Addition in Mn/Si/Ti Deoxidized
Steels[ J]. Seripta Materialia,2005,53:1253-1258.

[6] #hacil, TAESE, 45 RE, %. 35CNi3MoV S AL MR R
[1]. 4% 1997 ,32(10) :662-665.

[7] FulJ,Yu Y, Wang A,et al. Inclusion Modification With Mg Treat-
ment for 35CrNi3MoV Steel[ J]. J. Mater. Sci. Technol, 1998, 14;
53-56.

(8] Isobe K. Effect of Mg Addition on Solidification Structure of Low Car-
bon Steel[ ]]. ISI] Interational ,2010,50(12) :1972-1980.

[9] DoHoff R T. Quantitative Microscopy. New York ,NY ; Mc-Graw-Hill,
1968 ;128.

[10] Kimura S, Nakajima K, Mizoguchi S. Behavior of Alumina-magnesia

SRR SRR AOR . BALTRIR = K
FRIBYIR T HAE R 0-Fe 5T 420 00 B 1 2
Si0, 1 ALO, 3, KRR ; FINt 3557 R
T BT R AR ARG B R 22 CET
RAEKEE, ERREENERRENEAT,
R ST ML (S S0 0 R 0, 4 2L I
THARGNER, R4 CET 4475,

54— 5 T, WO R AT KR BT CET
LT 4R 9 L B K M R,
KA RRIAIE R IR, FI TR A REL K,
550 B X L IR
3 &

(D) A ST 430 WP RREE D, B &
BETRNERREY, NINHMERER, LR H
Si0, FAL 9 Mg0-Si0, 9 L HIE & KLY ; A
BRI R E Mg0-AL0,-Si0, IR &R

(2) DA% E B BRI ABE & R B0E 430 HBE
[EH L B, AR Y1 580 °C JRoEAT, SRR
F  FLERBY 30. 8% 1R EHEAL B A A0 88. 5% , MY
SR X SRR T 71 741.6 wm (2 945. 3 pum,

GYERIKFBYE o M RmE SR ERAD,
X & MRS R A R B A, (R S &
RTE AR, IR R SR AR, R4 430 SRBEEIZH 4,

Complex Inclusions and Magnesia Inclusions on the Surface of Mol-
ten Low-carbon Steels[ J]. Metallurgical and Materials Transactions
B,2001,32(2) :79-85.

(11] Kurz W,Fisher D J. SBR[ M]. ZFEE, B HF & 5.5
HHE MR, 2010:22.

[12] Bramfitt B L. The Effect of Carbide and Nitride Additions on the
Heterogeneous Nucleation Behavior of Liquid Iron[ J]. Metallurgi-
cal Transactions,1970,1(7) :1987-1995.

[13] Fiquet G, Richet P, Montagnac G. High-temperature Thermal Ex-
pansion of Lime , Periclase, Corundum and Spinel[ J]. Phys Chem
Minerais, 1999 ,27(2) :103-111.

[14] Fletcher N H. Size Effect in Heterogeneous Nucleation [ ]]. The
Journal of Chemical Physics,1958,29(3) :572-576.

[15] Hunt J D. Steady State Columnar and Equiaxed Growth of Dendrites
and Eutectic[ J]. Materials Science and Engineering,1984,65.75-
83.

NRE(1987) B BEHRAE, SR EREREEAR
3.

k5 H #5:2012-10-10



