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Table 1 Crystal structure, space group, lattice parameters and atomic positions of d-Fe, y-Fe, Ce,O3 and La,Os
Crystal Lattice Atomic position
Phase Space group parameters Ref.
structure /nm Atom  Mult.  Wyck. X y z
o-Fe bce Im3m a=0.29315 Fe 2 a 0 0 0 [27]
y-Fe fcc Fm3m a=0.36544 Fe 4 a 0 0 0 [28]
B 4=0.3891 Ce 2 d 0.3333  0.6667  0.2454
Ce,0;3 Hexagonal P3ml c=0.6055 01 2 d 0.3333  0.6667  0.6471  [29]
02 1 a 0 0 0
. 4=0.4039 La 2 d 0.3333  0.6667  0.2464
La;03 Hexagonal P3mlL c=0.6403 01 2 d 0.3333  0.6667  0.6453  [30]
02 1 a 0 0 0
#F 2 o-Fe. y-Fe. Ce:O3 K La,Os UEHES GEEHEY) FEHME CRBHM@ED
Table 2 Closed-packed (CP) rows and closed-packed (CP) planes of é-Fe, y-Fe, Ce,O3 and La,03
Phase CP rows Interatomic spacing/nm Type CP planes Interplanar spacing/nm
<113 > 0.243 zZ {011} 0.207
o-Fe <111 > 0.254 SS {002} 0.147
<100> 0.293 SS {121} 0.120
{111} 0.211
<211> 0.224 Y4 {020} 0.183
-Fe <107 > 0.258 ss {022} 0.129
{131} 0.110
{1120} 0.195
Ce,0,  <5413> 0.239 PS {0112} 0.225
<1101> 0.302 SS {2022} 0.147
{0111} 0.294
{1120} 0.202
La,0,  <5413> 0.249 PS {0112} 0.236
<1101> 0.316 PS {2022} 0.153
{0111} 0.307
#3 RBAIB-AEEERST 6-Fe f Ce,03 2 [0 [RFREEE ERITEER
Table 3 Calculated misfit and mismatch between -Fe and Ce,O; based on the E2EM model
Matching rows Misfit, /% Matching type Matching planes Mismatch, f4/%
<UZ>g /< 5413 >Ce,0, 1.74 77-PS {002} 5 o // {2022}, o, 0.46
<100>5 o // <1101 >Ce,0, 2.96 SS-SS {0135 o / {1150}Cezog 6.54
<WI>g o/ <5413>¢, o 6.26 SS-PS {0185 o /{0112, o, 7.99

Note: //represents matching
OR 1-A:

OR 1-B:
OR 1-C:
OR 1-D:

[100] ¢ # [1201]¢, & (020) 5o 1! (2022) 4,0,
[100]5. e # [1101] )0, & (O11) 5. / (1120) 4
[100], ¢, #/ [1101]c, o, &(011) 5 o/l (1102) e 0,

111 [52113]Ce203 &(100) 5 0/ (1012)Ce203 .
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Table 4 Calculated misfit and mismatch between J-Fe and La,O3 based on the E2EM model
Matching rows Misfit, f/% Matching type Matching planes Mismatch, fa/%
<111 > sope I < 5413 > 14,0, 1.90 SS-PS {0185 o 1 {1150}La203 2.64
<UB>5 o M <BAT3>1, o 2.44 ZZ-PS {002} 5 o /1 {2022}, o, 4.50
<100 > b M <T100> 1, 6 r.21 SS-PS

Note: //represents matching
OR 2-A:

[111]5_ Ee " [521 13] La,04 & (101) o-Fe n (10 12) La,0; 5

OR2-B: [100] . // [1101] , o, & (011) . // (1120),, ¢
OR 2-C: [100]5 p, // [1101]La203 & (020) sope!l (2022) 6,

10%, 5535 6-Fe 5 La,05 Z [AHLIE AL 55 R4 3
A~: B OR 2-A. OR 2-B # OR 2-C.

y-Fe 5 Ce, 03 2 [H] J5 VT e &5 L 52 i 5 25 SR
5 Fiac. Al 0L, BT ) Misfit {8 A1 Mismatch {8 357
T 10%, itH 153 6-Fe 5 La,05 2 [AJHIE A7 ] % R R
H14: BIOR3,

y-Fe 5 La,03 2 [H] J5 VT e &8 AL 52 i 5 45 SR
%6 fiac. Al 0L, FTA ) Misfit {8 A1 Mismatch {8 35 /)5
F 10 %, i+ H 15 3] 6-Fe 5 La,05 2 [AJHLIE A7 ] 5% 7 R
A 14 BIORA4,

M4 E2EM 256 4 - Misfit {5 <10% H. Mismatch
H<10%, H545 FEK Y], Ce05 Ml La,05 H7I HEME W]
A o-Fe I y-Fe RFUAZIIAZ . SCHR[19]4RE fr) 5
TS B AR TG O 1) 4R AR I T SR W], Ce,05 M
La,03 ¥ {E AR A M 5-Fe 7R ILAZ % 0, (BARREME
N y-Fe RITEAZIIZ O . ASCRIF E2EM B EAT &

PR 2 E BRI 2 R 5 SCHR [20] 338 1) 5= T AR 2R iR
ML i BN BT AT A R —

G E2EM B8, Wi VLAC R 1 41 /N Misfit {8
J% VG T ThI TR EC ) Mismatch i B8 % [ {1 & [ 4] 42 A
FGT R (8] (1) T AE DRI 45 b I X P AN A 22 [ 45
T BEVE AR, BT AR W] A A = SR A2 A 0 B T
YRR, FLA0 A e [ 20 23 2R s oK o BE X4 AR A
5-Fe, 6-Fe 5 Ce,0q  [H AL [F] 55 Z 1 J5 -1 VT L 5 e 2
BN B G i [100]g /1 [1201]g, o A (020)5 g
(20220, s ; [100]5 o /1 [1101]¢, o {5 Misfit fiiH
2.96%, (020)_ . /I (2022),, ) Mismatch fE 2y 0.46%;
0-Fe 55 La,Og A7 7] 5¢ 28 Hh R 5 DL O 48 E FE ie /N O 2
i) (135 e /1 [5413] 6, & (101)5 /1 (1012),, 4 i} .
(115 o / /7 [5413] 4 0, 1 Misfit £ 1.90%, (10) 5,
// (1012) 0, 11 Mismatch {4 2.64%, TI L, Ce,Os
Hl La,05 38 0 244k o-Fe &k %X 41441 y-Fe,

R5 RAB-LEEERS y-Fe F1 Ce,0; Z B R FILE$E A B AT E L
Table 5 Calculated misfit and mismatch between y-Fe and Ce,O3 based on the E2EM model

Matching rows Misfit, /% Matching type Matching planes Mismatch, fo/%
<2l1 > pe I < 5413>¢, o, 6.33 27.PS {020}, o/l {1120}c o, 6.08
<101 >;/-Fe /| <5413 >Ce,0, 8.16 SS-PS {111}y_|:e /i {0112}(;9203 6.35
g, g/ {1120}, 0, 8.45

Note: //represents matching

OR3: [101], ¢,/ [5413]c. 0, & (111)7_F o (1012)¢, o,

F 6 RMIB-LEERINS y-Fe F1 La,Os < 8] R F ILAC$E AL B AT B 45
Table 6 Calculated misfit and mismatch between y-Fe and La,O3; based on the E2EM model

Matching rows Misfit, /% Matching type Matching planes Mismatch, fa/%
<101 >, Fe /I <5413 > 4,0, 371 SS-PS {111};/-Fe Vi {11§O}|_azo3 4.47
2 9.52
{020}}/_,:e I {1120}, o,

Note: //represents matching

OR 4: [1oi]y_Fe 1 [5413], 0, & (111)7_Fe I (1012),, 6,
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Crystallographic Calculation about Heterogeneous Nucleation
Potency of RE,O; in Liquid Steel

Ji Yunping®, Kang Leit, Song Yanging®, Qu Wei 2, Ren Huiping ?
(1. Inner Mongolia University of Science and Technology, Baotou 014010, China)
(2. Key Laboratory of Integrated Exploitation of Bayan Obo Multi-Metal Resources, Baotou 014010, China)

Abstract: Edge-to-Edge Matching Model was used to calculate the atomic matching between the RE inclusions, namely Ce,03 and La,O3,
and the primary phase (both J-Fe and y-Fe), in order to predict the possibility and the potency of RE,O3 as the heterogeneous nucleation
sites in liquid steel. The research also provides new insight into the understanding of the grain refinement mechanism of rare earth in the
solidification of steels from the point of view of crystallography. The results show that both Ce,O3 and La,O3 are potential nucleant for
heterogeneous nucleation of both ¢-Fe and y-Fe primary phases during solidification of steels. But, the grain refining effect of Ce,0O3 and
La,03 for 5-Fe is better than that for y-Fe. Moreover, for y-Fe, the La,O3 is more efficient than Ce;0s.

Key words: RE,Os; liquid steel; heterogeneous nucleation; crystallography; edge-to-edge matching model
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