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Hot deformation behavior and flow-stress anomaly of 5Cr95i3 valve steel at elevated

temperatures
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ABSTRACT The hot deformation behavior of 5Cr9Si3 valve steel was investigated by hot working simulation test at different hot
working parameters. When the deformation temperature increases from 850 to 900 °C or from 1000 to 1100 °C  the peak stress decrea—
ses; but when the deformation temperature increases in the range of 900 to 1000 °C  the peak siress rises. Further microstructural and
phase transformation analyses show that a transformation from a-ferrite to austenite occurring within the deformation temperature range
from 900 °C to 1000 °C causes austenite phase transformation strengthening inducing the increasing of hot deformation resistance. Al-
so with the increasing of deformation temperature the dissolution of carbides leads to solution strengthening for the matrix. Thus
phase transformation strengthening and solution strengthening at elevated temperatures are the main reason for the abnormal variation of
flow stress for 5Cr9Si3 valve steel.
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Fig.2 Characteristics of the flow curves of 5C19Si3 valve steel at el-

evated temperatures
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Fig.3 Microstructures of 5Cr9Si3 valve steel at different deformation temperatures: (a) 850°C; (b) 900°C; (c¢) 950°C; (d)1000°C; (e) 1050
C; () 1100°C



: 5C9Si3

- 457 -

4 850 C 557!
X
Fig.4 X-ay diffraction pattern of precipitates in SCr9Si3 steel after

compression deformation at a deformation temperature of 850 °C and a

strain rate of 55!
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Fig.5 Xwray diffraction patterns of asHforged 5Ci9Si3 valve steel at

different deformation temperatures
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Fig.6 EPMA analysis results of chemical elements in the matrix at different deformation temperatures: ( a) carbon; (b) chromium
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Fig.7 Schematic material mechanisms for the abnormal variation of the flow stress of 5Cr9Si3 valve steel: ( a) schematic morphology of 5C19Si3 steel

at 950 °C; (' b) Suzuki atmosphere generated by segregation of solute atoms which can hinder cross-slip movement; ( ¢) phase interface with a step

structure of austenite and ferrite

(1) 5C19Si3
1850 ~ 900 C
900 °C £ 900 ~
1000 °C 1000 C
:1000 ~ 1100 C

(2) 5COSi3
900 C
950 ~ 1000 °C
; 1050 C
950 ~ 1000 C

(3)

900 ~ 1000 °C
1 LiM Sun Y S. Review of forming technique development for en—

gine valves. China Met Form Equip Manuf Technol 2007 42

(6): 18

(

2007 42(6): 18)
2 Jaswin M A Lal DM Rajadurai A. Effect of cryogenic treatment

on the microstructure and wear resistance of X45C9Si3 and

10

11

X53Cr22Mn9Ni4N valve steels. Tribol Trans 2011 54(3): 341
Grzesik Z Smola G Adamaszek K et al. High temperature cor—
rosion of valve steels in combustion gases of petrol containing etha—
nol addition. Corros Sei 2013 77(12) : 369

Atapour M Ashrafizadeh F. Cyclic oxidation behavior of plasma
nitrided valve steel. Phys Procedia 2012 32(6): 853

Qin T Y. Development status of property and application for en—
gine valve steel. Shanghai Met 2011 33(2): 50

( . . 2011 33
(2): 50)
Voorwald H J C Coisse R C Cioffi M O H. Fatigue strength of
X45CrSi93 stainless steel applied as internal combustion engine
valves. Procedia Eng 2011 10(6): 1256
HuY XiMJ Gan CF etal. Failure analysis of the fracture on
valve steel X45CrSi93. CISC Technol 2008 51(4): 14
( . X45CrSi93

. 2008 51(4): 14)

LiIMQ Yao XY LuoJ etal. Study of flow stress model of the
nickel-based superalloy GH4169 at high temperature deformation.
Acta Metall Sin 2007 43(9): 937

( . GH4169

2007 43(9): 937)

Chen L. Wang LM Du X J et al. Hot deformation behavior of
2205 duplex stainless steel. Acta Metall Sin 2010 46(1): 52

( . 2205

. 2010 46(1): 52)

Zhang BH CaoJ R Xiao GY et al. Hot deformation behavior

of P91 heatvesistant steel and related flow stress constitutive

equations. Steel Pipe 2012 41(1): 23

( . P91

2012 41(1): 23)
Wang KQ Liu RD Han Q H et al. Study on high-tempera—
ture mechanical properties and thermodynamics of C—Mn—Cr

cold—olled hot-galvanize dual phase steel. Hot Working Technol



- 460 -

12

2011 40(16) : 43
( . C—Mn—Cr

2011 40
(16): 43)
Shan M. Study on Dual Phase Deformation and Rolling Simula—
tion of Cu—P—Cr—Ni—Mo Weathering Steel ~Dissertation . Qin—
huangdao: Yanshan University 2012
( . Cu—P—LCrNi—Mo

2012)

Yu Y N. Fundamentals of Materials Science. Beijing: Higher
Education Press 2006

14

15

16

( . . : 2006)
Wu J. Duplex Stainless Steel. Beijing: Metallurgical Industry
Press 2000
( . . : 2000)
Chen G L Xie XS Ye R C. Superalloys. Beijing: Metallurgi—
cal Industry Press 1988
(

1988)
Chiba A Kim M S. Suzuki segregation and dislocation locking in
supersaturated Co—Ni-based alloy. Mater Trans 2001 42( 10) :
2112



