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Effect of VIM-ESR-VAR Triplex Melting Process on
Cleanliness of Bearing Steel 9Cr18Mo

He Qubo' ", Wang Dongzhe' *, Liu Haiding’, Yu Feng’ and Zheng Yawen'’
Chongging Materials Research Institute Co Ltd, Chongqing 400707 ; 2 Chongging Key Laboratory of Corrosion-Resistant Alloys,
Chongqing 400707 ; 3 National Engineering Research Center for Instrument Functional Materials, Chongqing 400707 )

Abstract The tested bearing steel 9Crl8Mo (/% ; 0.98C, 0.21Si, 0.32Mn, 0.005P, <0.001S, 16.95Cr,
0.51Mo) is melted by 500 kg vacuum induction melting furnace ( VIM) - electroslag remelting unit (ESR)- vacuum are
remelting unit ( VAR) triplex process, forged breakdown and rolled to ®30 mm bar products. The gas content, deleterious
elements content and non-metallic inclusions in steel 9CrI8Mo are examined and analyzed. Results show that the triplex
process is available to increase the cleanliness of bearing steel, the oxygen content in tested steel 9Cr18Mo is 0. 000 8% ,
nitrogen content is 0. 003 8% and the S content is <0.001% , and with controlling the Ti content and pentad-deleterious
elements content in raw materials, in finished products the Ti content is <0.002% , the Sn, As and Sbh content are respec-
tively <0.002% and the Ph and Bi content are respectively <0.000 1% ; by triplex process the nonmetallic inclusions in
steel is a little, and the inclusions with size less than 3 pum amount are more than 90% of total inclusions up to quite high
cleanliness level.

Material Index Bearing Steel 9Cr18Mo, Cleanliness, VIM-ESR-VAR Triplex Melting Process, Inclusions
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Table 1  Chemical composition of tested bearing steel
9Cr18Mo / %
C Si Mn P S Cr Mo
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Table 2 O, N and S content in vacuum induction furnace

ingot, electroslag remelted ingot and vacuum arc remelted

ingot of test bearing steel 9Cr18Mo / %
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Table 3 Ti content and pentad-deleterious elements in vac-
uum arc remelted ingot of tested bearing steel 9Cr18Mo / %
Ti Sn As Sb Pb Bi
<0.002 <0.002 <0.002 <0.002 <0.0001 <0.0001
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Fig. 1 Morphology and size of nonmetallic inclusions in vacuum induction furnace ingot, 9.85 wm (a), electroslag remelted ingot,
7.03 pum (b) and vacuum arc remelted ingot, 3.88 pum (c), steel 9Crl8Mo



B

fif {37 % : VIM-ESR-VAR =B MR T 2% 9Cr18Mo 4l AR SR it v FE IR =27

PR A L0 HK BAOK.CAEOL.DEH
F0.5 %, AT HEIRHAMEE I 20K EAR
T BRI T BRI R e
Ko

9Cr18Mo H7RM I AE & B Je e E B Hifk
Y B B, AN B, P ES

B BN AR @ oD R, R A e
Z B4 BIE, ARG B IRBE R T (RN 5k B
H/NZR . BETEST, SRV R R 4 /N 4% R R 4
THE—REWMER T EE, R T ESBIRY N
Jeits, BT, EX e e e E B R TR
TTEME

HEBERISEY BIEMERBIERSBEH S
oL T R 4 TR VRO ) B A T ARAR K, M R
J& it R ARG 8 Je 2R RHA IR I, T
I e vt R R BURLIE 4 SR e W, BB R IR & IR &
FeWngE R RS .

HES HREEA R, 648 S 2 P ph el I ot
TR, 7 B L 8 B SREE T 43l , AR BRI L BT R
SR ENTR, BT RIE S BRI L.

&% 30k

[ 1] Hkdh Bhadeshia. Steels for Bearings[ J]. Progress in Materials Sei-
ence,2012,57(2) :268-435.

[2] Liu Fengbin,Fu Guohao and Cui Yan,et al. Tribological Properties
and Surface Structures of lon Implanted 9Crl8Mo Stainless Steels
[J]. Nuclear Instruments and Methods in Physics Research B,
2013,307(8) :412-418.

[3] Ldayan A,Gnanavelbabu A and Rajkumar K. Influence of Deep Cry-
ogenic Treatment on the Mechanical Properties of AIS1440C Bearing
Steel[ ]]. Procedia Engineering,2014,97(12) :1683-1691.

(4] BARE, ¥ X, fr W3 @S HICHB R HIRMIN SR
PEGELT]. B BRTFI 42,2004 ,16(6) :37-40,46.

(5] dr o, BRREE.IF 5 REBHURMENBIR AR #Wk
W24 .2005,17(1) :6-9.

(6] BEWI2, BURER.BE /A, R4l o B B S AR B ORI MR /1 e )
WwPEBH L CN 1718817A[ P],2016-01-01.

(7] Feusts. BRI/ 1™ AU IRID]. 40 FL.2011,26(2) :9-13.
(87 WRIHRE, X 45, FIRRE, %, GHA169 {34 VIM + PESR + VAR -
IR T LR R I T) ] R A 2012, 29(1) :6-10.
(91 iRl I, & &% RALVIM « VAR + ESR ZI¢ 1206

Hi GHA169 734G W9 [ J]. BBk AF 98 4 44,2003, 15(7)
338-343.
[TO] AR L SR FFT0AE G B0 I LR M3 PRI 0 B8 L 1) 4

FRA=ZB T 2R 55 ,9Cr18Mo Rz b BB |
A REHEREKEED, TEEBAFRAEE R
ety WA BB ERMES BRERE, B0
WEME] . FrLh, =BT ¥ 24 H 9Cr18Mo %k
MIEE B I AR EZ—.

3 &g

(1) ZBETZR A9 9Cr18Mo #A&AM A E T
REBRRREMAEL, Krh&E & #KE0.000 8% &
Bf£E0.001% LT A& RKE0.002% LATF,

(2) ZBR T 2B %R 9Cr18Mo BRI P AE & /&
FeZBBELD oA E R4 pm LITF,3 um
I HYAES B I di 90% Ll L,

(3) ZBX T Z 248 = 9Cr18Mo Bl 7K S i 14+ 1Y
BT
B R A4 & #2841 %] (2015BAE03BO1 ) ; & & # # 4
FIA A 3 373t %] (estc2014kjre-qnre50005 ) ; & K
WEE T Ak M X A KA A7 % T ((estc2015zdey-
2tzx50002 ) F B ; &R W £ .5 % M X AR R4
+ & S AL A B (este2017zdey-2dyfx0101)

IR MDA ] FrPkHd,2005.26(1) :6-8.

(11] 8k g, L4, xIF@, . 0 i TR B A & Wi
(3] B 506 2 %48 . 2009 .8 (1) :16-20.

[12] Hafid El Mir, Alain Jardy and Jean Perre Bellot,et al. Thermal Be-
havior of the Consumable Electrode in the Vacuum arc Remelting
Process[ J . Journal of Materials Processing Technology,2010,210
(3):564-572.

(13] gkHi-. SALPIR; CCrl5 Gl 7R B IE 55 Ap iy E e [ ) ]. P9 )1 i
KA RBEERD) ,2005,28(5) :619-622.

[14] Hhalid B30T 8 &% SURBI BT I 2% 1% Ko 55
OO IR AL AL, 2012,37(3) (119121,

LAST 8B 4 i, s, 5. o R A X GCrt5 Bl AR i
HERyEE ] WEL,2016,51(11) :30-35.

AT o I (1985-) 3, T4 (2009 AR PR ) | mi g 1R,
2006 A gKBURHE R E (AFL) Bl HR IR BRI A

E-mail ; qubohe@ aliyun. com

ek 1 I8 . 2017-08-04



