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Abstract: According to the analysis on 90 mm x 90 mm 1Crl11Ni2W2MoV steel with 540 MPa endurance rupture time less
than 100 h produced by vacuum induction furnace smelting + electroslag remelting ( @600 mm ingot) + forging material
process, it is found that insufficient tempered martensite content in the microstructure and uneven carbide precipitation in
the martensite lath are the reasons for the low strength and toughness of the steel, which leads to the durability and fracture
time of less than 100 h. By decreasing the heating temperature of forging bloom from 1 130 ~ 1 150 °C to 1 000 ~1 020 C,
and changing forging method for 90 mm x 90 mm steel bar from once heating-forging to double heating-foring to ensure the
end forging temperature =900 “C, and decreasing the tempering temperature of the durability test specimen from 660 ~
680 C to 600 ~620 C, the fracture time of 540 MPa durability of 1Cr11Ni2W2MoV steel is increased from 36 ~37 h to
146 ~ 148 h.

Material Index . Durabitity Performance; Martensitic Structure; Carbide; Tempering Temperature; Final Forging Temper-
ature
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Table 1 Chemical composition of 1Crl1INi2W2MoV steel’ %
mH C Cr Ni \Y Mo w S P Si Mn

T Be 0.155 11.03 1.70 0.27 0.46 1.76 0.003 0.004 0.43 0.40
Frfi  0.10~0.16 10.50~12.00 1.40~1.80 0.18-~0.30 0.35-~0.50 1.50-~2.00 =<0.020 =0.020 <=0.60 =0.60

{EE® A AR (1979 =) , 5B mil -+, TR, E-mail ; zhoukaiming@ citicsteel. com; s B 88 - 20220406



%51

JEAFFBASE : 1Cr1IN2W2MoV SRR APERENLIE 37 B T2 80t “28x

1 R ERE

1Cr1IN2W2MoV 4 EEA b 2E o A& 1 Fis o

SRR 5 t(®660 mm) H i A9 B HE AR 90 mm x
90 mm ) 1Crl1Ni2W2MoV 4%, 0 #1 860 C {LiR 5
30 °C/h FiE3 680 Cifiif5 30 C/h 1% 5] 300 C,
i 2 %, FE M B S A A 4 A TR 1 %
150 mm i fRPBLEE , 76 3006 2 0 RHBER F B 1 BT R 19
T AT

4 1000~1020Cx1h

=3
o
660~680C x2h
% 2 %
& \!
® <

i B/ C

v

i @l /h

E 1 1CrIN2W2MoV Fi i REHAb 1 ] FiE
Fig.1 Sample heat treatment system of 1Crl 1Ni2W2MoV steel
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Table 2 Properties of test 1Crl1INi2W2MoV steel
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Fig.2 Structure of 1Cr11Ni2W2MoV steel treated at 1000 ~1 020 °C for 1 h oil cooling + 660 ~ 680 C for 2 h air cooling: (a) SEM
secondary electron image; (b) optical and (¢) energy spectrum microstructure
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Table 3 Forging process of 1Cr11INi2W2MoV steel before
(a) and after (b) of improvement
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Fig.3 Temperature field simulation analysis on foring billet of 1Crl11Ni2W2MoV steel before (a) and after (b) of improvement
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Table 5 1Cr11Ni2W2MoV steel performance after process improvement

DULHRIEE/MPa JFRGREE/MPa  SERR/% BRI/ % shilish/AKe  fFAMRBE/C fFAR/MPa FEAMERERTRI [Al/h
970,982 830,831 19,20 63.64 123,124 450 540 146,148
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Fig.4 Structure of 1Cr11Ni2W2MoV steel after process improvement treated at 1 000 ~ 1 020 °C for 1h oil cooling + 600 ~620 C for

2 h air cooling: (a) SEM secondary electron image; (b) optical
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Fig.5 Grain size picture of annealed 1Crl1 INi2W2MoV steel: (a) hefore improvement and (b) after improvement

WENREDRERE L, HE4(b) TR, MR KSRERTT T SRR (S RMAR AR

REIARE A K T A R A A SER U B K T BE) R YR AT, S W a5 R I 5 B o

Ak + B[ KR ERR + BT i Ae) B S AT A Y, st R T2 AR R BE R
TixT gt T RIS BE TR T (SRR ) 72 40 ~ 50 wm, H RS0 #



- 32 .

RN

H43 %

TIRBRAL R, Sk v T2 AR I R
(5 RAEMRSFACEE) 7E 20 ~ 30 wm HAFZE KRB IK
A ) RBRAL Y , 3X T 4 SR BRI
FEATERE.

AR A E R E e (1) 8B R
Ac, 55,860 °C A I8t W ok H AR 4BHR EHI7E 970 C
AR, BT DA R BRI TE R & A A AR R
RS, S 4E 1000 ~ 1020 °C a4t
v L B AR KA ) 35 /0, BT AR UE SR 40 00—k
WAL 43 A S 257, 1 1 SR A PR RE s (2) 1
RERRE A [E] IR BE I, 7T A 1 Kk 5 R R 41
) i B B I R Tk S PR AR R B SR R
b HIERETE bR

4 e
(1) BHMARFEXSREAAGTRARERY

B3 30k

[112F 08 W% % 1CTINRW2MoV #ub # T2 & [1].
B 5 P ,2019(19) 4143,

[2]1F R #4225 2800 13Cr1 IN2W2MoV 38 J 41 81 Rt fiE
BN T]. P E AR W ,2019(24) 12223,

(3745, WM, 4 25 55, 56, 0 9 BE AN 5 4 ) 0 9 B IR
[J]. %8284t ,2020,56(4) :549-557.

[4] F e, xRS, FhR BE, 45, CustomdS0 A5 8540 it 80 25 4% 1T
H[J]. WEBFIT S ,2021 ,33(7) :627-633.

(5] ¥ 4uht , g S0, F 1RG22 (i 48 S8 20 70 i S 4 41 B Ay 2

rrrrrrrrrr

coccoccocEee

FR (A 2% RIS AL BT 1 AR 2850 2 B b 6 )
PR K 2F 1T 5 BORe A M BE T 240 1] < 100 h ()R
A

()EHT T RIIAHTE, BN T Z WA
BE TR IR A, % JE T2 9047 7 etk Bk it v
90 mm x 90 mm §RHF HIAIHGEEEH 1 130 ~1 150 C
[&AE3] 1000 ~1020°C , 4B #590 mm x 90 mm 5444 9
§Bts 7 2 B — AR BB ZE B KR BLRE , PR IE 254
TREE =900 C, ## A M BB FE /Y [ K I i 660 ~
680 “CF&{iK3) 600 ~ 620 C ,ff @AY L H [ kK K
RERAR, SRR R Wi 1395 .

)M TZ)G WM 58 E PR, FFA
PEREWT LA 5] =100 h,

TERER W[ )], TP EIR 4 ,2021,31(6) :26-33.

(618 i, Erim, M h, 2. sl a s ir R ok 2R (1],
#,2021,56(12) :109-118.

(7 RS2, % SR . 07 FF (R0 1 R PR 40 23 MnNiMoCr54 3L
bR AT A B ]. FRERe, 2021 ,42(2) :10-13.

(818 4 2C 4L IR % Sl b B 5 001430 40B 5 B 0 B 1 1) 32 i)
[J]. 45555 ,2020 ,42(2) :58-60.

(9T B SCHy, ML, GEmaBH. E M Ah 2205 A0LAH S0 465 B0 80 I 4 41 &
BT 4B 1. o G 4 ,2020,30(11) :29-34.

= cococoocee CCCCCoCoCcoes coccoccoccoccoece,

RFINAECHEZRN) RE B SE R S Mk 6 = AR 1

CRPBRET) 28 i PR R E R NR A TG HRNARA R EE MESD, B (RN mBHATEE, RLEN
PRAAT I 14 B SR A HERHE T COUA D) 5 (REBR ) 285 T 1980 SEBITIRAT , [ Bran Tl S 2 1SSN1003-8620, [ 4 4¢
—TJ5 & CN42-1243/TF, \

I, R RN LR RERE (RFPRE) 225 B R T, b 4303 TI) AP P25 F T KRR B RO 2R, A4t :,
FREFEIIAT - n

(—) www. specialsteeljournal. com Jy (FFFRHT) Z% EHYME— PAE, % 585 56 ICP # 2022000839 5, i/ KIE#H (L&
ol FA PSSR ) U HEFT B 3T B B S0 38 T A HRAE

() BRYEE T 77 R D A4 RS YE R ol , BRA BT R HIAL A7 A T4 A B (5 B M 45 AE 3 AL Rl
B R AR, HAR P B R AR B, TOAU S I A 25 1 TR e 9% 8 5 , AR AR 1 , AR B )& 45 4T 20 3 KAR 3,
RE A, TR, TR U , I A — P R SR, A G 4 AR AR A AT 22 B AR AR AT s I A L s el 1)
FGRFEP TR R BERR

(=) R BBUMETE T 2022 43 A 31 HATAFTH-5 (REPRID 225 M2 B HIER @ T e W R F 1R
| BEBE RO AR B B R R AR URIR SR IE T B AT AN, B R A RHLRKIEB T 5T
{£o mn

iy oy e i ——
= == == =

CHFPRN ) G AP

-----------------------------------------------------------------------------------------

CCECccEccccsccESECscESscCcSEtr s cEsscEse s




