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Abstract: In order to investigate the effect of Rare Earth La-Ce on the modification of inclusions in GCr15 bearing steel, a
high-temperature tube furnace with a nominal capacity of 1 kg was used to smelt 6 heats of GCr15 bearing steel ingots with
different La-Ce contents. Characterization methods such as optical microscopy and scanning electron microscopy were
used, and the transformation law of inclusions in GCr15 steel at different La-Ce contents was studied using FactSage ther-
modynamic software. The results show that the typical inclusions in GCr15 bearing steel without adding La-Ce are Al,O,
and MnS, and the addition of La-Ce will modify it to more complex Rare Earth inclusions. With the increase of La-Ce con-
tent, the transformation law of inclusions in steel at 1 600 C is Al,0, — REAIO, — RE,O, — RE,0,S —RE,0,S+RES,
(RE is La.Ce). With the increase of La-Ce content, the density of inclusions and the average aspect ratio in the steel both
decrease first and then increase. When the La-Ce content is 96 X10°, Al,0, and MnS were both transformed into spherical
RE,0,S + RES' composite rare earth inclusions. The number of inclusions in the steel was at a low level and the overall
morphology of the inclusions was well controlled.

Key Words: GCrl5 Bearing Steel; Rare Earth; Inclusion Modification ; Thermodynamic Calculations

GCr15 fl 7R B AN h 2R B O MR AN B DL e A I 2507 U T —LE ki {0

Z—, N EA R4 A S M R 5 v A 9 55
Bz FH T 5 A R T AR B GCrl S il
AR IR 5 R 4, T e sl R A5 T
PRAF R A P B8 T X R A i 0 TAESR SR T,
F= P B A 2 e S I A B G e T DA 2K e ot
[N E T e s e - 8

I, 6T e 3204 T 50 0 458 R A 2 14 0 S )
BN Mg 7 Cal®' | B SR BB HIF 5 7R (ARG Je 24 )

EEE N ZAF(1992—), 5 i+
WEESE: FTE(1969—) , 5 11, 204%;

E-mail: 1003198443@qq.com

F BN T X A G, A2 T XA Y
UUT ., AEARR BEE R L R R R
SN T AR IS La il Ce /B MR A Rl
FE MR IR, R EA BONIE R W T
H5OMSABRMLEFRES T AR KEH T
. LiZEHISE T Ce XM P AR AN B LI,
HBFFT LS R F I, Ce AT DL B F FEARAN T O By & &,
I HBF ALO,BUTE N Ce,0,S , R e 2= B 85 1 Bt

Wi BHEE: 2023-11-17

E-mail: fujianxun@shu.edu.cn



- 40 - FEIRIN

545 45

TS R ARG A P E e e W AR R A
SRR/ N E K . Ren ZE M MIHE T Ce X #8 MK ik
FRBFRAN Th e 2 2 A Ce RO I3t LE DA
T Iy BARZETY , Ce/O S 0 ~ 2.92 1, Je 229k
ALO,+CeAlO,, 24 Ce/O Jy 2.92 ~ 8.75 I}, Je 224 Ny
CeAlO+Ce, 0,8, 24 Ce/0>8.75 I}, & 22 ¥ N Ce,0,8
+Ce,S,o XN ZZZEDIHESE T La-Ce X GCr15 Sl K 44 48
1o JEL IR 55 MR BB IR e ), 2 IR S0 AE A DA MinS e 2%
Yy b A R R - A ) A T A R
MnS A5, 4 255 1 GCrl S Sl R 49 1) 9% 57 75 1
RENT 1X10°JH IR . = BEIE T La-Ce X il
AR I B0 RS, 2 BREE S AR ] LA AR
e e ) 5 2/ INTRECIR 23 A1 BB & A 1 i 3
i, & = (%) ROE VI Ui 22 46 K, I HLAH B2 1]
W23l R A T A R RS 1) e 2 o i Ak P

ZEA Bk E M T LA, H AT C La-
Ce X GCr15 Jli 7 B 114 52 M) 32 2 4 v 7 38 AR ol B 3%
FT7 I, FN I AR KT GCrl1 5 SR 89 b 4 45 1 e 22 ik
1RG0, I Bk Z A S SALEE 4 24, BRI
TCEUER T 5T I W BAREE EFE . BE T otk A
SCIT R ASTA] La-Ce 155 2 9 GCr LS Sl AR 59 10 72l TR s 4
S, A BT La-Ce X AN 7] 28 78 ) 2% 1y 114 o5 I 802 LA
KB ML
1 ZXWHBRAZE
1.1 % La—Ce 1 GCr15 Sl RN 44

AR A8 A e i =X H BELA (7815 SKIL16-60%
250-8) , A PR N 1 kg SZEM BN )
PP GCrl15 Rl R B85 20, oAb 22 oy R 1. R
Bt R m b N 12 La-Ce lREM 4. &
SR FTIE I 1) GCr15 Al B i A NI 3 8 Py, Bl s
Fi& 8 “C/min 1Y FHl A N # 2 1 600 °C, R
30 min FFRFETE WAL , B 2R B AL L1 La-Ce
RAT LA AR, I A R 30 s, ff
i £ 5] AR AE B, SR 5 HE 4 °C/min 1 F TR
FAFHAHIZE 1000 °C, Bl J5 5 F H U5 A H R 2
Ho MBI R R AR R SR, A S
PIE SR R 2T SR R I AE 1.0 Liming
LG I T 6 b (B — 1 R X L SRR, R IS La-
Ce) , By iRFE A T4 980 ~ 1 000 g
1.2 53H SRy ik

it R D) RIHLKE 89 5 U0 R WA B A, UL
— ARG 15 mm ZbSEATER S | R FH LB & 55
B TR T AL (ICP-MS) X 4 4+ 76 % La/Ce #4742

F1 GCr1sHANKLER S (RENH)
Table 1 The chemical composition of the GCr15 bearing
steel %
C Si Mn P S Cr Al T[O] As
1.00  0.25 0.34 0.013 0.002 1.51 0.021 0.0008 0.003

W, IEAE ST — P 8 BT 1 RS 10 mmx10 mmx
10 mm A7 5 MRIRRE T BE B BE TS SR TG A
WAL (OM) LA 58 (SEM) , IR & %l K4
A3 B4k A (Image Pro Plus 6.0) % 32 Ze ¥ () B it L R
SRS R AT A AT . SRR R AR Y
La-Ce 7 fE A IAE W55 2.

R2 AERAHEFLa-Ce IS E(RENEH)
Table 2 The content of La—Ce in different samples x10™°

RS La—-Ce La Ce
1 —_ —_ _
2 32 9 23
3 56 17 39
4 96 28 68
5 191 79 112
6 280 160 120

2 KWHEREHE

2.1 La—Ce X} GCr15 iR Je 229 R (/)52 i)

ANIF] La-Ce 55 12 F GCrl5 R84 b e 2« W e 11
B N nE 1R, ol VG S La-Ce
T, YR 2T RS LT
It H 2 B e 2k W) % W 0k 1 6 B9 e 2 ) BT R
o R T IR LAY La-Ce 75 1 X} Je 22 ) 5
FRSF I RZ M, 43930 3SR 1) 4 4 ER A B ATL
PEFE T 50 K & 7, ok H &l B 53 B 3 Tamge-
Pro Plus X 3¢ 224 85 2 S RH 3 Bl e AT 40 vk B 1
(IR Hr A RS BE , O RS> T um 196 2%
WATGET) . AR La-Ce &5 5 F GCr15 Sl 7&K A9 H 3k
AL ANTE AN A A G O Y SE R I B R S
MG EE R LR 3,

& ) 1) B R S TR A R AR 3 R
AT, La-Ce 75 2 4 32%10° ., 56X10° ,96x10 i, Je 4%
Yy BE R 30 A /mm? 43 5 AR A 25,2118 > /mm’,
W La-Ce XN HA — & B LB . (HIL )5 Rl
% La-Ce 75 it Y AR S 4 157 , 4N v e 22 1y 1) 450 i o, Bl
2L, ARSI RS TR T,
o R 2 52 SR 0 LI NI B R & A
N, T BGHT A e 24 0k AR HR S SO 1 7 v



55 2 3]

SeFNFAE : La—Ce X GCr15 il A A v 32 23 ) 1 el Jo sk SR S #L © 41 -

(a) (b)
100 pm

(d) (e)
100 pm

(c)

100 pm 100 pm

Bl 1 RS T A La—Ce & it GCr15 7RG H I 24 7375 : (a)0 [La—Ce], (b)32x10°¢ [ La—Ce ], (¢)56x10°° [ La—Ce ], (d)

96x10°[La—Ce], (e)191x107° [ La—Ce |, (£)280x10™ [ La—Ce ]
Distribution of inclusions in GCr15 bearing steel with different La—Ce contents by SEM: (a)0 [La—Ce], (b)32x10° [ La-

Fig. 1
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Table 3 Quantity and size of inclusions in GCr15 bearing

steel with different La—Ce content

WHS S WA (nm®) ™ PSR pm FHRIELL

1 30 3.5 1.6
2 25 35 1.5
3 21 3.6 1.3
4 18 3.7 1.2
5 31 4 1.5
6 38 53 1.8
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Fig. 2 Typical inclusions in GCr15 bearing steel without adding La—Ce rare earth addition: (a) ALO,, (b)MnS, (¢)AL,0,~MnS
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Fig. 3 Surface scanning of the typical inclusion in GCr15 steel with 32x107° La—Ce content
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Fig . 6 Typical inclusions in GCr15 bearing steel with differ-
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