FFIR TN
91 SPECIAL STEEL

Vol. 47. No. 5
September 2026

RS IAAMIE T2 XF 3Cr13NiMoVN 28 #14& B K
ZH 20 FN 14 BE B9 22 )

W, @ik, & ovw, TEF, KAEE
CPRMTURE RN IR (55 B2 R B AR . S 113001)

& OE N TR TSR I I S s AR A IR S i R R B B T 2 A O AR AR R
P B A ) R O ol AR LA SR L IURP + A R R E EEA IIR E J , 4ead 35SMN PUBRAIL I A%
T ] SF R 230 mmx710 mm KA A9, FF IMatPro B4F .OM (SEM | b i il S0 ALIT 5T T 2% A S [6) 48 e #Auih B
LK B b SRR ELAN 3Cr13NiMoVN AL SV MERE RS2 . S5 53R, 5 SR A 1 050 “CIE K+4ERIB K T2
REFAT H 1 2] BUERIRER R ZH4L . 1000 “CIE K+453RIE K T 245 5% MAYIE K T RIS L LUIRAHIR , B4 2 77
TEWRAL 25 1 X FIVE 22 T AT H AR AL , i A% B Lk 20 o RIS (3R K L ZURHR A sp e P R
R0, 1 050 “CIE K +AE TR K+ ] K T 20w B L 1000 “CIE K +%5 538 A+ ]k T 255 H 77%~80% .

SRR HRMELELA ; SRR T2 S Mg

DOI:10. 20057/j. 1003-8620. N260096  HIE 43S :TG156. 4

Effect of Post—Forging Heat Treatment Process on
Microstructure and Properties of 3Cr13NiMoVN
Plastic Die Steel

Liu Ming, Bi Yuhan, Li Xiang, Wang Xiyang, Zhang Welying
(Technology Center of Fushun Special Steel Co., Ltd., Fushun 113001, China)

Abstract: To meet market demands for steel materials featuring high polishability, superior corrosion resistance and excel-
lent strength-toughness balance, a high-quality corrosion-resistant plastic die steel with improved comprehensive proper-
ties is developed via optimizing chemical composition and heat treatment processes. The steel was smelted by the process
route of "electric arc furnace + vacuum refining + electroslag remelting", and large flat steel with a cross-sectional dimen-
sion of 230 mmX710 mm was manufactured using a 35MN rapid forging press. The effect of different post-forging heat treat-
ment processes on the microstructure and properties of a novel corrosion-resistant plastic die steel 3Cr13NiMoVN was stud-
ied using JMatPro software, OM, SEM, hardness tester and impact testing machine. The results show that the post-forging
process of 1 050 °‘C normalizing + isothermal annealing yields a more uniform spheroidal pearlite microstructure. The mi-
crostructure obtained by 1 000 ‘C normalizing + isothermal annealing is identical to that of the conventional annealing pro-
cess, namely carbide-depleted zones exist in the microstructure, and chain-like carbides precipitate along twin boundar-
ies, and these features are inherited by the tempered microstructure. The non-uniform annealed microstructure has a sig-
nificant effect on the impact toughness of the steel. The impact toughness of the steel treated by 1 050 ‘C normalizing + iso-
thermal annealing + quenching and tempering is 77%—80% higher than that of the steel treated by 1 000 °C normalizing +
isothermal annealing + quenching and tempering process.

Key Words: Plastic Die Steel; Heat Treatment Process; Microstructure ; Properties

B e [E Rl W P A i, W PERE RO SERE BB i B9 e DR R R B T ok R AR L

] it AR B 22, X T B AR LA ) SR BOR
R AT AF A [ = RS B A = 4 LT 4l 1 R
ST 509 LA FRIE BB AR IR N Al
0 S AL R )R ) LR R A IE S A 23 T 0K
TR T AR5 BOREEA ™ i, R R 2 19 1A K
AR B SR AT AR A AR, 51

EER A X W(1987—), 5 it m g TR
Editorial Office of Special Steel. OA under CC BY-NC-ND 4.0

E-mail :Im33853587@163.com;

B S Al IR R 8T 204, R 5K e il
S LRI | v e N e A Y e R BE AL R A
FIHH C-N-Cr-Mo-V & 0 & [ BRIV AL 31T
KRR TR I, 5 28 O BG B HOR I
PR R K A5 A U R IR AR, P 4 A
LA TERER B 2R . WA RIeR ML, [E A

IfE HEA: 2026-06-25



5505 1 X

B 45 - 4B JE PR 3 T 255 3Cr1 3NiMo VN S HRE EL A 20 21 Ik B 14 2 1) -+ 131 -

ANKEAE KA R 5 T Crl 3 AU fd 8RR LA AR I N
Ni Mo .V ICE WIS, EELEIE R G S IR TN
VISR | 2k e RN 6 ik vk e X A v A
FHES S A=Ak iR 4 AR = B FA B Sl i T AR I
T 3 PR T 2 B F RO Cr1 3 YT o 9
B AN ARAT = 2R B M RR B oE 38 . Crl 3 7R it
iR ELANGE 1 Ni Mo .V N L RS e fbm ,
K C IR T 8 [ rp ) HIGHE MR BB ARG AR |
BEAIK Ms F1ME S, 15K v 55 08 B 9 TR — ik e A 4
TR HT DR ERCR R R B i 55 22 1 7 A B FC AR 55
A BRI, 3 i VA R B A B T2 TR B i s A
TETE M A BEIR AR L, 38 i A 23 ) 1, 2
Cr13 BY i i SR ELAN & 4 10 5 B EEZEWF 9 7 1) o
0 A AF S PR 40 A 7 14 R i okt 0 e A L A
Je AL T 0 L 2 S M A ) 2R P R R ), X AR
LA 11 R A FHRIASE EL 356 A 1 FH 4 A — 2 A 440
1 MBS EIRIeF %

1. 1 RIEWAK 5 & JMatPro #1253 17

B A2 TE 4Cr13 A1) FE ik I 5 #& Ni-Mo-V-N
B & s R, AR 1

#&1 3Cr13NiMoVNIXEINI S &M 7 (RESE)
Table 1 Chemical composition of 3Cr13NiMoVN experi-
mental steel %

C Si Mn Cr Ni Mo A% N Fe
0.31 028 039 13.02 043 032 030 0.093 Bal
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Fig. 1 Solidification phase diagram and phase constituents at different temperatures of the experimental steel : (a) equilibrium solidi-

fication phase diagram, (b) types of undissolved precipitates at different temperatures
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Fig. 2 Post—forging heat treatment process and specimen sampling location: (a) Process 1( normalizing at 1 000 “C), (b) Process 2

( normalizing at 1 050 °C), (¢) Sampling location
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Fig. 3 Microstructure morphology after conventional heat treatment: (a) annealed structure, (b) quenched structure
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Fig. 4 Microstructural evolution of the experimental steel after different processing treatments: (a) SEM image of annealed micro-

structure after Process 1, (b) SEM image of annealed microstructure after Process 2, (¢) quenched and tempered microstructure after

Process 1, (d) quenched and tempered microstructure after Process 2, (e) actual grain size for Process 1, (f) actual grain size for

Process 2
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Impact fracture morphology and EDS analysis of the experimental steel: (a) impact fracture morphology after Process 1 +

Fig. 6

quenched and tempered, (b) impact fracture morphology after Process 2 + quenched and tempered, (c¢) EDS analysis of carbides in

the impact fracture after Process 1 + quenched and tempered
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