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Table 1 Chemical composition of two ultra-clean 30Cr2Ni4MoV rotor steels (wt%)

Steel C v Si Mn Cr Ni Mo S P Sn Fe

0.1V 0.25 0.11 0.02 0.03 1.91 3.66 0.41 0.0023 0.005 0.002 Bal.

0.2V 0.27 0.20 0.04 0.03 1.71 3.60 0.40 0.0030 0.007 0.002 Bal.
. (quenching and tempering) F1 SC(step cooling) 4 , F& H1 11

Temperature/°C

Time/h

1 30Cr2Ni4MoV S50 40 ) F b B it
Fig.1 Heat treatment process of experimental 30Cr2Ni4MoV steels
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Table 2 Mechanical properties at room temperature and FATT of 0.1V and 0.2V steels with different heat-treatment processes

Steel Heat-treatment R, /MPa R, ,/MPa Al% KV,/1 FATT/°C
QT 983 858 19.5 174 -92
0.1V
SC 899 791 19.0 180 -91
QT 1084 1005 18.5 152 -71
0.2V
SC 1058 976 16.8 138 -50
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Fig.2 Impact fracture surfaces at different testing temperatures of 0.2V QT steel (a—d) and the magnified images (e—f) of the region marked by the

dashed box in Fig.2a—2b, respectively
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Fig.3 FATT curves of ultra-clean 30Cr2Ni4MoV rotor steel after

different heat treatments
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AR 2% S IR ZRRRAIE , DA AR R TSR R ST (2

B4 ARFAEER AR R 0.1V 0.2V AR S5 4G B R SR T 55
Fig.4 Prior austenite grain morphologies of 0.1V and 0.2V steels with different heat-treatment processes: (a) 0.1V QT steel, (b) 0.1V SC steel,

(c) 0.2V QT steel, and (d) 0.2V SC steel
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Fig.5 SEM images of 0.1V and 0.2V steels with different heat-treatment processes (red arrows represent the Large-C and green arrows represent

the Small-C): (a, ¢) 0.1V QT steel, (b, d) 0.2V QT steel, (¢) 0.1V SC steel, and (f) 0.2V SC steel
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2 IRAR A W S5 14 1¥ 52 1, ) B EBSD X i i 45 0.1V
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(202) (023) (200) P (0001
S| 171) )

& T

P02 L )

M,,CoZ = [111]| MGZ—{011]

4500 nm

M,,C.Z =[001]

(LAGBs, L 26) AT 1 /0 b, 45 R an B 7 o, oo
HAGBs AL 25> 15° (1) FLT , 32 B4 JFU 4R B8 B AR 4 7
Packet 1 Block L1 , i LAGBs A 2°~15° {1 L 1R , — %N
Lath 5[ . —fA\ W HAGBs S 24480 fE 2 TS 1E
B R T4 SEIR AN F i B0 X ER T 7a 7b W] A,

(020) a1h* (02 gLo11)
(2207 4 (0001)
- (1010)
(200) . %
M>CZ =1Q110]

500 nm

Fl6 MEZS0.1VAI0.2V #H) TEM 50
Fig.6. TEM images of 0.1V (a) and 0.2V (b) QT steel (red arrows represent the M,,C, carbides, purple arrows represent the M,C carbides, and blue

arrows represent the MC carbides)
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K7 RS 0.1V AT0.2V H9 1,88 ]
Fig.7 Misorientation distributions of grain boundaries of 0.1V (a) and 0.2V (b) QT steel (the black and red lines denote the HAGBs and LAGBs,

respectively)
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Table 3 Carbide sizes and volume fraction of 0.1V and 0.2V steels with different heat-treatment processes

M,C, M,C MC
Steel Heat-treatment
d/nm 1% d/nm 1% d/nm 1%
QT 59.8+14.5 1.5 36.4+3.1 0.8 25.0+4.8 0.4
0.1V
SC 74.0+29.7 1.6 40.7+4.3 0.9 26.6+5.2 0.5
QT 60.8+15.5 1.7 38.4+1.5 0.3 25.8+£7.5 1.2
0.2V
SC 76.0+£37.4 1.9 42.0+£2.2 04 26.4+6.2 1.4
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Effect of Vanadium Content on Carbide Evolution and Mechanical Properties of
Ultra-clean 30Cr2Ni4MoV Rotor Steel

Zheng Yongfeng'?, Hu Xiaofeng', Yang Zhirong', Jiang Haichang', Rong Lijian'
(1. CAS Key Laboratory of Nuclear Materials and Safety Assessment, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016, China)
(2. School of Materials Science and Engineering, University of Science and Technology of China, Shenyang 110016, China)

Abstract: The effects of V content (0.1wt%, 0.2wt%) on the carbide evolution and mechanical properties of ultra-clean 30Cr2Ni4MoV rotor steel
under different heat-treatment states (as tempered and as step cooled) were investigated by SEM, EBSD, XRD, TEM, and APT. The results show
that both tempered steels show lath martensite microstructure. The increase in V content has no obvious effect on the carbide type (M,,C,, M,C
and MC) and size, but promotes the precipitation of more and finer V-riched carbides MC, which refines the prior austenite grain size of the 0.2V
steel. The refinement of grain size and precipitation of finer MC carbides increase the yield strength of the 0.2V steel by 147 MPa through grain
refining strengthening and precipitation strengthening. After step cooling heat-treatment, the microstructures and the type of carbides in both steels
remain stable and the size of carbide grows slightly. Meanwhile, the yield strength of them shows a slight decrease due to the carbide coarsening.
As for 0.2V steel, the mobility of dislocations decreases due to precipitation of more MC carbides, which induces the decrease in critical stress o,
of crack propagation and promotes the tendency of crack initiation and propagation. Therefore, compared with that of 0.1V steel, the fracture
appearance transition temperature of 0.2V steel increases by 21 °C.

Key words: ultra-clean 30Cr2Ni4MoV rotor steel; V; carbide; strength; impact toughness
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