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Surface Cracking in 05Cr17Ni4Cu4Nb Precipitation—
Hardened Stainless Steel During Secondary Forging:
Mechanisms and Solutions

Zhao Jiali', Xin Ruishan', Yu Zhanyang', Cao Chenxing', Xue Feng', He Yudong®, Zhou Peng’
(1 Ansteel Beijing Research Institute Co., Ltd., Beijing 102211, China;2 Pangang Group Jiangyou Changcheng Speical
Steel Co., Ltd., Jiangyou 621700, China;3 China Tungsten and Hightech Materials Co., Ltd., Zhuzhou 412000, China)

Abstract: 05Cr17Ni4CudNDb steel is a martensitic precipitation-hardened stainless steel that frequently exhibits surface
cracking during secondary forging, significantly compromising forging efficiency and product yield. In this study, the origi-
nal austenite microstructure, martensite microstructure, phase composition and hardness of the secondary forging bar sur-
face defect samples were tested. The results demonstrate that the observed surface cracking of secondary forging bar propa-
gates along intergranular paths, with Cu embrittlement and mixed grain structure identified as primary contributing fac-
tors. Under high-temperature forging conditions, mixed grain structure and copper segregation exhibit a synergistic interac-
tion. Abnormal growth of some prior austenitic grains within the mixed structure reduces the total grain boundary area,
leading to increased Cu atom concentration per unit boundary area. Furthermore, inhomogeneous local strain rates during
forging in mixed grain structures promote stress concentration at large/small grain , accelerating Cu segregation to grain
boundaries. At forging temperatures, locally enriched Cu atoms melt at grain boundaries, forming nanoscale liquid films.
This liquid acts as a "lubricant, " significantly reducing grain boundary migration resistance and promoting rapid boundary
movement, thereby facilitating abnormal grain growth and mixed structure formation. Besides Cu segregation, excessively
high initial forging temperature also promotes mixed grains, excessively high initial forging temperature induces an oscillat-
ing "plunge-recovery" cycle in the billet surface temperature, causing dynamic thermal inhomogeneity. Significantly en-
hanced grain boundary mobility in localized high-temperature micro-regions allows preferential rapid growth of certain
grains, forming mixed structures. This study mitigated copper segregation by reducing the electroslag remelting rate from
7.0-6. 5 kg/min to 6. 0-5. 5 kg/min and suppressed mixed grain tendency by lowering the initial forging temperature from
1180 ‘C to 1 160 “C. The optimized forging process successfully eliminated surface cracking during secondary forging.

Key Words: Martensitic Precipitation-Hardened Stainless steel; Secondary Forging; Surface Cracking; Cu Embrittle-
ment; Mixed Grain
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Fig. 1 Representative images of the forged bar: (a) transverse

cross—section, (b) longitudinal surface.
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Table 1 Chemical composition requirements and test results of two tested samples %

i C Mn S Si Ni

Eitan <0.055 <0.50 <0.030 <0.020 <1.00 3.80~4.50
[rEgrweal 0.038 0.30 0.003 0.17 431
BB AR 1T 0.035 0.37 0.003 0.15 420

i Cr Cu Nb N Ti

£ty 15.00 ~ 16.00 3.00 ~ 3.70 0.15~0.35 <0.05 <0.05
AT L 1531 3.04 0.23 0.049 0.005
HBF IR 1T 15.56 3.42 0.26 0.045 0.005
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Fig. 2 Macroscopic cracks and SEM micrographs of crack—free

zones in cracked —enriched : (a) I, (b) II

A FEIE R JE T I

S R 1A TS TR) 467 174 D A B AR 7 s 201
2 F R XRD 35 i 4 A 5 BrR . XRD &l
R B EC AT e, 0 B T A Bl g R 1) A A L I
WEEMT 1%, HE D RRAL . G IH B R
A RL AL G TR Rl U AN BB R A R R TR
FREEMTR ML S o R PA TR DR 1D B A A i Ab
LG ) J5 4G B EC AR SR RRIE (A 4 T2 3. A
R F T A0t DX 18 20 /0N P D L AR e R
S YE R 7 ISR, &7 H ik #) 95% DA . Gk
B T2 & DX 5 R R D i B EAAR A RS
BIEZI0 415 wm, B 52 F 8RB R 10 & DX 1) 5
B AR R R B PR b R TS24 (8 188 pume LA
DX ) S R R D ey B EC AR bz B 3 R T A
DX, S5 R IR U L AR A AR T A ) R ] [ A
AR AT HR R A B S K R R B EC AR SR LR
Ko W (AR5 ML X R 5 DX B 4 Rk . BRI
TRRE T EHL A X TR BE 294 23 mm , 2440 7 B L 4R
LN N RO R Sy NN TP AN E AN e



s 144 - FEIRIN

546 45

BRGNS

10 20 30 40 50 60 70 80 10 20
B/ pm

40

30
KB/ pm

K3 (a, c, e) BREAEUFETRI(D, d, ) BREATURE 1 2LEAL Y (a, b) G B IRAR AR L (e, d) B IRIAA LU A Rl (e, DEFITTER S

Eir4|
Fig. 3
¢, e) cracked —enriched I and (b, d, e) cracked —enriched 1T
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Fig. 4 (a) Macrograph, prior austenitic microstructure in (b) longitudinal cross—section normal to primary fracture surface, (c, d)

longitudinal cross—section parallel to primary fracture surface, (e) transverse cross—section, and (f) XRD patterns of cracked —en-

riched I of the forged bar.
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Fig. 6 SEM micrographs of Cu—enriched phases in cracked —enriched Il showing (a) flocculent, (b) clustered, and (c) string—like

distributions. (d) Chemical composition of the Cu—enriched phase.
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(a) Thermodynamic equilibrium uniaxial phase diagram of 05Cr17Ni4Cu4Nb steel, and (b) local enlargement of (a) with

red frame. The chemical composition in the table is the calculated chemical composition
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