PR (2023 ) A EEIN AR S BOCTEA i 24

ER LT AEBARRENHNREELIETD 5-Fe NIFITRZHE

}'13] i'g ’ i%’j(*
MR, JrJi 215021

Heterogeneous nucleation mechanism of 8-Fe in ultrapure ferritic stainless steel
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Table 1. Chemical compositions and adding schemes of alloy modifiers (mass fraction, %)
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B AT EE7YIIPN:s
Initial — —
R1 55La-45Ce 0.0020Ce, 0.0010La
MRI1 80Ni-20Mg+55La-45Ce  0.0020Mg, 0.0020Ce, 0.0010La

2.2. LB R

SEIGAE R SRR B TR AT . B, FREX 10009 AXAE N B2 B3R (H: 120mm; ID: 55mm;
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2. BABRRAEAFNLAER (REAE %)
Table 2. Chemical composition of ultra-pure ferritic stainless steel (mass fraction, %)

JLER
FE
C Si Mn P S Cr Ti Al Mg Ce La T.0 N
Initial 0.016 0.41 0.19 0.013 0.0010 11.32 0.17 0.0074 0 0 0 0.0039 0.0071

Rl 0016 044 0.19 0.014 0.0010 11.32 0.17 0.0074 0O 0.0025 0.0010 0.0038 0.0071

MR1 0.013 041 0.18 0.013 0.0008 11.25 0.19 0.0073 0.0027 0.0023 0.0011 0.0037 0.0073
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4G ASPEX 4 /-t guit 174N S ) e e ) i) H 2 3 BE AL 45 4 TiNG TiIN+TIiC. Oxide+TiN F
Oxide+TiN+TiC ZEWN A TiN Je & (IBCE 2 . Initial s B 255 5y 73.46mm2, Hidr TiN
ek AR N 59.23mm 2, IRINFE LIS, RLFETFER IR TIN I 24 K35 5 20 il
% 591.67 mm2 Al 316.37 mm2, XtF MRL1 ¥, WP YR80 % 5 N 481.23 mm2, Eb R1 FEFEK
7 18.67%, {H TiN JA:MEEZE R 318.77 mm2, W& =T RL Ff.
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Fig. 2 Macrostructures of each ingot (a) Initial, (b) R1, (c) MR1
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e/ INTHIAR AT o RRE K ) H 0 S5 Bl iR AL 2R o TR I OB S, R FER A XS I 1 T AR 3820 HL
mm LA /N () S5l A ZH 2R, (RIS J L (PR ot R R e 2 B4 T AR 1S B0 40/, W 2(b). BEF L Ab B S,
PATE MRL FE 1SR 7 FEXT 58 LS55 R 20 21, SRRidi/h B35, WK 2(c). #Ab3 f5 RLAE S5 5 o
KITHN 68.82%, HHET Initial £, #2557 53.55%. FHET Initial FEFI RL £, 8686 1AL, MRLFEM
LS RIEE R 100%, /> HHEE T 84.73%F1 31.18%. AH S, AL AIEERG - ACH S, AN ST 1
Wi RST35 A BT o b L AL S5, RLFE ()55 5l T35 itk RS 24 1.53540.176mm, diki 4040 RE R 41.81%.
BERG L ARFE S, MRLFER SR SF 3 SRR SFRE A 1.17240.042mm, Sk 4HALRCR B2 751 28 55.57%.
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Table 3 Comparison of key parameters obtained by DSC

% 3 DSC 3R ce S5 i

B b Z4(DSC)

it Tno K TolK  ToK  ATpK  AT;/K  ATYK  AHp/(J/g) AH)/(J/g)
1786.5 17736 17628 12.9 10.8 23.7 119.6 109.1
TolK  TK Ty/K  ATLK AT /K ATYK  AHp/J/g) AH.,/(Jg)
1781.6 17664  1756.0 15.2 10.4 25.6 140.8 1474
TolK  TylK TolK  ATLK  ATR/K  ATYK  AHRKIg)  AH./()/g)

MR 1782.7 17812  1763.0 1.5 18.2 19.7 144 6 146.5

4.8 BT 12 6-Fe WIEBI S ZNE
® ™ s

1790

K5
Fig. 5 Heterogeneous nucleation rate with respect to the undercooling and temperature (a) Initial; (b) R1; (c) MR1
AT B R 2 M AR S AL AR U R 1 ek e A AV - A A B T AR 38 ST T AZ A )
A KA

SRR SITEAL R Ineter 58 T 1LV FEAT MR EE T (9224 i (a) Initial #; (b)R1 #£; (C)MR1 #

kT AG, 6nficosBa)y T
RS — 0
! ! !
Sleos0:) = {2+ i~ [(Gortycreosd)-ys) - . [Gortyrcosd)-yis]¥ )

Hort, dneter: AEBISIEAZIH A, cmas-1; S BARRIN TIN KL FHI%H, cms; ki BURZZHEL, 1.38<10
23)IK; h: AT AL, 6.63%10 -34Js; AGA: Ji 74 BUIE fig (caculated by AHex ), J/atom; Tm=: 45 5, K;AHc:
4 i (caculated by AHex), Jems; T ZEXHREE, K AT: ¥, K;yet. yeL. y1: 58S -TiN. S-
BRI TIN-ARVRE] R AH S 9K /7, dlemzs yTis puss y1s , Jlema: 235108 TIN-ARIR . ARW-54E 6-Fe #H. TiN-
e 5-Fe AHIIBAH LI IK 17, 00 02 X BINTIEIEIE M A, deg.

Ho5E, MNEAFTRIREL T 5 S350 20 5l72 01=75.25deg®). yLs=2.60=105 J/cmzpo]. y6L=1.910>10J/cmapi0)
F yer-y1s=0.48yL5-y6Lcos01=-3.6XL0)/cmzpy. e Jib, ETEARBFFHNE T ERRMSE . BiX LS H 0 R
AARQ)MER)FEHL ) T AR EITEALR Ineter KT IR E AT FIRE T 78 ihim, WK 4 iR, B2,
TiN (R (NS I FOEAZ YA FE (AT BN SEBRIY 8-Fe (3RS S TEA% 2 (Ineter SRR, S 24 1) 5k
SRR 2 PR S ol =N TY AN 2 24 N
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(D)ABAE R R ARG A Je W B % B 42 5 T 555.09% % 481.23mm2,
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(2Q)RAR T AT FER BRI 2, HAEHh R R AT Initial AEHE R4 100911 255l & 1450 ok ]~ 1%
£ 1.17240.042mm, fRgHAL R 55N 55.57%

(B)HHET Initial #£, DSC MIFFEREE L FEH MR FEfC 8-Fe TR AEIR FEHEATE 1781.2K. 15 7t
TEAZIE A FERE 22 15K §-Fe ALK R IX (A3 22 18.2K AEf X [ 3 19.7K A &5 il #ag 2
146.5J/g.
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