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Simulation Research on Solidification Defects and Microstructure of
Mn18Cr18N Hollow Ingots
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(1.School of Materials Science and Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China; 2.
Aotu Personalized?Education, Wuhan 430000, China)

Abstract: The solidification process of 4.2 t Mnl8Cr18N hollow ingot with conventional bottom gating system was
simulated, and the influence of pouring and cooling parameters on solidification defects and microstructure evolution was
analyzed. The results show that cooling conditions of the inner and outer walls has intensive effect on solidification
sequence and microstructure. As the heat transfer coefficient of the inner and outer walls decreases, the solidification
position finally moves to the side with low heat transfer coefficient, and the transformation (CET) of columnar crystals is
advanced, and the length of columnar crystals decreases. Under the condition of low temperature of 1 415 C and low
pouring velocity of 25 kg/s, when the heat transfer coefficient ratio of inner and outer walls is 2:5, the ingot gradually
solidifies radially from the lateral wall thickness of inner and outer walls. The final solidification position is at the 1/4~1/3
wall thickness near the inner wall, where there is a certain degree of loose defects, and the solidification structure is
equiaxed grains. The columnar crystal structure is found on the inner and outer wall, and the proportion of the two
structures is similar on the wall thickness section. In nucleation parameters, shape nucleation density is the main parameter
that affects CET and grain size, while surface nucleation density can control the primary dendrite spacing of columnar
grains.

Key won;ds: hollow ingots; pouring with bottom gating system; porosity defects; columnar grains; equiaxed grains
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Tab.1 Simulation designs for different nuclei densities
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D 0.01 1.25 0.1 2 1.00 0.1
E 0.01 125 0.1 20 1.00 0.1
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G 2.00 1.25 1.0 v 1.00 0.1
H 2.00 1.25 1.0 2 2.00 0.1
I 2.00 1.25 1.0 2 2.00 1.0
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Fig.1 The parameter distribution on the wall thickness section under the same cooling condition

1/3 B BEAL (B 2¢), H AREHKH] A9 20 t £ 45 t 250
e E — EmPHK T A 65 t 23 0 BE Y L R A5 R
AR, 250 9 B e 2 BE 8 B A 7E B9 B BE JE R
oL, T 2 E 5 0T BB 7 A Y T REIR Y 1/4~1/3 4k
XE5ME 2 RERHFZMA FEEE BN E 2,5
BB 2 ¥ J1 0 R R S T SOk [21,22]9
B SE PRAE L
2.1.2  BEREYS H 5% X A5 0 4 B E 1 AR 41 41
AT
Bl 3(a) 5 1 1 AH R 58 AR 1 244 1 1) % [
HE, PTLIE Y, NAMES AR LR 1000 W/mPK
B SR H A AE T AR A A P A0 RE L 1 (] s 3 428 1)
) B JEE s b AR G, e 2B [T A6 A BE R s Ab
Temperature/C
. ml415.0Tlig 1385.0
} |1322‘o
1229.0
* 0Tsol 1170.3
1043.0
950.0
857.0
764.0
671.0
578.0
485.0
392.0
299.0
206.0
113.0
20.0

(a)ifi JZ 3%

HL SR X B, N RERR A R BR R EIA 2 Pl
400 W/m’K B (&l 3b), 25 040 SE SDBEFE R 5 1< B 2
AARAE (H R P REAIR A K BE N 3(a) Y 4/5 BE
JERKBEW /N 3/5 BEJRAKBE, — WKk SR BE /N T
2 1/3, HEAR & H B BN 55%F%ARE] 50% , B & JE oh
Ol DT ARG K, O A 1) P RE R B R
%, VLHIREIT N RELL CET #5728 428T ., & 3(b)41 4
Be T B [ 201 5 2 B BB A — B0, BT L, SOk
[23 7K il 2K 15 B 25 0 B9 € 1Y 8E B 41 SUHRIE Y 1% S5
Pl 3(b) i B [ 0 2 B A o] etk . SCHR[23)5c Bk £ W
20 tCr-Mo #4750 0 BE 19 P9 A0 BE M) 28 ob o0 B ) 5 A
Ab | BE A 2053 5] i AR A X R A X S X 4
i, 3X 5 P 3(b) o &E [ 4 SURFIE— 2K,

Fraction Solid Niyama[(K * Sec)0.5/cm]

w 1.000 20.0
0.933 18.7
0.867 ! 17.3
0.800 o 16.0
0.733 14.7
0.667 13.8
0.600 12.0
0.533 10.7
0.467 9.3

. 0.400 8.0

& 0.333 6.7
0.267 5.3
0.200 4.0
0.133 2.7
0.067 i3
0.000 -0.0

(b) [ ¥ 41 37

()L it 1 Gk B3 43 Al

Pl 2 P9 1B ¥ 0 S A ] e 05 0 2 AR T - ) 2 000 A

Fig.2 The parameter distribution on the thick section of solidified wall under different cooling conditions
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