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EARTAEF, KA GCrl5 HRMEET S5, JFUA GCr15 fRMN AR 03 1. 75 =0 E 23 BN gt
17T PRIREES, Hop—IRIER &M NAT, H T1RR, B IREARSEZMETIT, DL T2 £oR. LRk
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M TSR EA S RS —, REEIAGEAE T EMETE 0.5kPa.
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Table 1 Chemical composition of the steel used in present experiment (wt %).

C Si Mn P S Cr Ni Mo (@)

0.98 0.24 0.31 0.013 0.003 1.42 0.02 0.01 0.0017
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Table 2 Carbon, sulfur oxygen and La content in steel (wt %).

Sample C S (6] La
original 0.98 0.0030 0.0017
Tl 0.931 0.0017 0.0024
T2 0.921 0.0015 0.0011 0.0022
3. GRE S
3.1, RAHPFFAE

(a)J54f GCr15 Fh&MN, (b)IRFE TL, (c)ikFE T2
B 1 =AMz SEM EIR

Fig.1 SEM images of inclusions in three steels
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Fig.2 Size distribution of inclusions observed in steels

K3 BoR T GCrl5 flA&N R i s e e, B 4 SR 7R SE GCrl5 A 7 S 2111 SEM 151
TCER . WAL —) Al-Mg 8464 Al-Ca % 4LY. (Ti, VIN M CaS. fEIIEWIMA R, By 1 3%
AN (ALO; 8L Al-Mg-0O) 4, AZHEAFTERAYI(Ca-Mn-S)FIEAHI(Ti-V-N).

K5 BoR TS A 2600 SEIR AN A LAY e ). T2 oA v g R S Z 0 ) SEM UG AT 2 4 A
mE 6 fim. WRRNG, WAy 2N AlMg F4bd, RMERImAY. maR1EL (£ 2)
RPFEWNR N LR T —E =R, BB B

[0* +[S]=(S")+[O] ©)

5 WAL R AR S R AR R ST HE N R, X5 B 5 A RAT G IR EF. TR & ERL, HA

NSNS R TR A R, R, HETT C-0 KM CO AR IR K iial, (et
(L

224



o E (2023 4F) EEER AR SVOCCHEN R EAE

(Mg,Al)-0 Al20s ;as
(Ca,Mn)-S
(Ca,Al)-0 —§

2pm 2um S

(Mg,Al)-0 (Ti,V)-N (Mg,Al)-0
/ (Ca,Mn)-S\/
\(Ti,V)-N
Sum_ g2t Sum_

K 3 J5lah GCrl5 HliZR N LS 2 SR SRR 1K) SEM R

Fig.3 SEM image of typical inclusions observed in original GCr15 steel sample
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Fig.4 SEM image and element mappings of typical inclusion in original GCr15 steel sample
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Fig.5 SEM images of typical inclusions (Mg-Al-O) observed in tested steels

K 6 T2 9 S S I M) 1K) SEM IR K T 3R 70 Al
Fig.6 SEM image and element mappings of typical inclusion in T2 tested steel

3.2. ERNRRER La
HEBHZ, 76 T2 PRI 7 LI, Wl 7 Frs. B 7 HFE) La B HOIE R T 13.76%,
KR —E B La S8R ISR E R R 1M L. T2 S i 1 La 584 0.0022 wt%
(R 2) o FIBNPAEHLILER, B LM RIEZ & LaOs HIE . JCai e 7R, Mm-S #
AR 2 T8 ) S B T DA R Ak e A =, AT BE A S SRR L A S an R

AlO, = 2[Al] + 3[0], AG = —393.85T +1225408 3)
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La,O, = 2[La]+3[0], AG = —404.77T +1345469.67 @)

2[Al]+(La,0,) = 2[La] + (AlLO,), AG = —10.92T +120061.67 (5)
a‘[zl_a] 'a(Al 0,)

Ks = = (6)

B At 0,)
Horb Ks RGBT R, aomd o miEEE . N T M2 M FE BB S S (5), & T 4N
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logf; =&/[%i]+&'[%j]+- (7
Soob £ R HITEIEREL o) FORFTOTICIE F A S 7 22 W I RE A TLA1 PR R, R
BN 3 7. b 44 M50 HOE B T BA BT B -4 74547 B IMCT) 5 51

* 3 1873K TN LR ITE AR EAEH R4

Table 3 The activity interaction parameters of elements in liquid steel at 1873 K.

&

C Si Mn Cr Ni Mo La S (6] Al
i
Al 0.091 0.0056 0.035 0.012 -0.017 - - 0.03 -6.6 0.045
La -0.024 - - - - - -0.008 -4.8 -5
C 0.14 0.08 -0.012 -0.024 0.012 -0.0083 - 0.046 -0.34 0.043
2000
Fe
F Atomic %
Le La 1376
1500 1 0 31.90
P Fe 54.34
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Fig.7 SEM image of rare earth inclusion observed in steel T2
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3[C]+(La,0,)=2[La]+3CO,AG =-523.66T +1278378.18 ®)
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Fig.8 The Al-La (a) and C-La (b) equilibrium curve in liquid steel at 1873 K under vacuum
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Fig.9 Optical micrographs of tested steels
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Figure 10. Three-dimensional morphology of primary carbides in various steels
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