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Abstract: A kind of casting triple-phase stainless steel(CTSS) containing ferrite, martensite and austenite was obtained by
alloy composition design. Thermo-Calc software was used to simulate the microstructure transformation during equilibrium
solidification and the effect of solution temperature on austenite stability. Koistinen-marburger(K-M) equation was used to
calculate the residual austenite content after solution at 1 050 ‘C, which is close to the actual measured results. The results
show that after aging treatment, the yield strength, tensile strength and Rockwell hardness of the specimens under the
combined action of Laves precipitate and TIRP effect can be significantly increased, while the elongation almost remains
unchanged.

Key words: ferrite; martensite; retained austenite; aging treatment

) o N
(121
o Py N 5
o 11%
) (multiphase) . ,
(metastable) . , ) ’
(37 [8-9]
o 9 o
“, . FcC . 12
[5-6]O , ) F_A
’ b Y N
° b
£2022-03-14 ", M-F ,Cr 12%~14%
(2021SZD0082) ;Cr
(1994—), . . 15%~18% R
. Email: wu-zx21@mails.tsinghua.edu.cn , fo-uj
(1970—),

. Email ; xchen@tsinghua.edu.cn

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



4 205/2022 , / / « 327
0, ;G
(hkl) (hkl) ,
o h,k 1 o
Cr (Cry) (Nig), , 0.05~30.00 kV,
1 @ ) ,Schaeffler , B4-U92,
Cry GB/T 228.1-2010
Nig , o )
{3141 100 mm, 20 mm, 2 mm,
Cro=%Cr+%Mo+1.5%Si+0.5%Nb (1) MTS ( :Model 45) 0.001 s’
Nig;=%Ni+30%C+0.5%Mn 2) o Rockwell
Schaeffler 100 N o
o ) 5 0
Thermo-Calc o
’ 2
, 2.1
o CTSS H @)
R 1 o A+M+F
1 o 2(a)
, w/% ) ), M)
0.02~0.04 C,1.5~2.0 Si,0.8~1.5Mn,13~15 Cr,6~8 Ni, , (A) o 2
1.5~2.0 Mo,0.8~1.5 Cu,0.8~1.5 A1,0.3~0.5 Nb,, (b) ,
10 mm °
1050 °C 30 min, 25 °C( SS1050) . 30
’ 520 C 4h K235 Austenite(A) ér(iilsgso
25 C( AG520), S0} Ni,=7.8
X (XRD), , £s
(SEM) jz'j Lol
, : =l
(135 C, 10 min), 0 ‘ . Ferrite(F)
SiC ( 600~3 000) ’ ! ’ l(?hrorilsiumiguivilsent/;()) S
(2 pm) o 30 mL ;50 g I Schacffler CTSS Niy, Cr
70 mL Fig.1 Nig and Cr, corresponding to CTSS in the Schaeffler
15, ) diagram
D/max-2550 X (CuKa) 3(a) CTSS 1050 'C 0.5h
o 40 kV , o Photo-
100 mA, 3 (°)/min, 30°~120°, shop , ImagPro
, , 24.6%; (22.6%)
. {110} ,
{211} {111}, {220} {311} , , ,
1 Thermo-Calc CTSS
PR v , SO
Vi ila 1y CTSS 450 C 10 vol.%

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



Vol.43 No.05
<328 FOUNDRY TECHNOLOGY May 2022

2 CTSS
Fig.2 Solution and ageing microstructure of CTSS

3 SS1050 , , Ms
Fig.3 Color metallographic image of SS1050 sample, microstructure change during equilibrium solidification, effect of solid solution
temperature on Ms
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Fig.5 Alloying elements distribution of the aged sample
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Fig.7 Fracture morphology of CTSS samples after solid solution and aging (Embeded in (a) is EDX pattern of NbC)
SEM 7(a) tional, 2011, 51(3): 471-475.
, 5 pm, [3] NING L, ZHONGGANG D, MENGGEN H. Effect of heat treat-
ment on microstructure and mechanical properties of marten-
’ EDS sitic-ferritic stainless steel containing 17%Cr and 2%Ni[J]. Materi-
NbC, ,NbC ) als Science Technology, 2013, 7(11): 1057-1062.
, o ,NbC [4] , ,
(28311 NbC [J]. ,2020, 40(2): 63-64.
, N 7(b) [5] NIKOL'SKAYA V L, PEVZNER L M, OREKHOV N G. Effect of
retained austenite on the properties of cast stainless steels [J].
’ ’ Metal Science Heat Treatment, 1975, 17(9): 763-767.
( 4 pm), [6] SOROKINA N A, PAVLENKO N A, ANDRUSHOVA NV, et al.
B33 Structure and properties of martensitic-aged corrosion resistant
s steels containing various concentrations of cobalt [J]. Metal Sci-
B ence and Heat Treatment, 1990, 32: 598-602.
[71 SONG Y Y, PING D H, YIN F X, et al. Microstructural evolution
3 and low temperature impact toughness of a Fe-13% Cr-4% Ni-Mo
martensitic stainless steel [J]. Materials Science Engineering A,
(1 \ 2010, 527(3): 614-618.
o Thermo-Calc [8] LEEM DS, LEE Y D, JUNJ H, et al. Amount of retained austenite
at room temperature after reverse transformation of martensite to
i Koistinen—Marburger austenite in an Fe-13% Cr-7% Ni-3% Si martensitic stainless steel
. [J]. Scripta Materialia, 2001, 45(7): 767-772.
1050°C [91 PARK E S, YOO D K, SUNG J H, et al. Formation of reversed
° austenite during tempering of 14Cr-7Ni-0.3Nb-0.7Mo0-0.03C super
) , martensitic stainless steel [J]. Metals and Materials International,
, 2004, 10(6): 521-525.
TRIP , [10] . 2205 M. : .
2006.
’ ’ [11] M]. : ,1999.
© [12] LU H H, GUO H K, ZHANG W G, et al. Improving the mechanical
(3) Thermo-Calc s properties of the ASIS 430 stainless steels by using Q&P and Q&T
Laves , processes[J]. Materials Letters, 2019, 240: 275-278.
[13] SCHAEFFLER A L. Constitution diagram for stainless steel weld
: metal[J]. Metal Progress, 1949, 56(11): 680.
[14] GUIRALDENQ P, HARDOUIN DUPARC O. The genesis of the

[1] LOKH, SHEK C H, LAI J K L. Recent developments in stainless
steels[J]. Materials Science and Engineering R, 2009, 65@-6). 39-
104.

[2] AKHAVAN TABATABAE B, ASHRAFIZADEH F, HASSANLI
A M. Influence of retained austenite on the mechanical properties

of low carbon martensitic stainless steel castings[J]. ISIJ Interna-

Schaeffler diagram in the history of stainless steel[J]. Metallurgi-
cal Research and Technology, 2017, 114(6): 613.

[15] DAIZ, DING R, YANG Z, et al. Thermo-kinetic design of retained

[16]

austenite in advanced high strength steels [J]. Acta Materialia,
2018, 152: 288-299.
VAN BOHEMEN S M C. Bainite and martensite start temperature

calculated with exponential carbon dependence[J]. Materials Sci-

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



4 205/2022 , / /

+331-

ence Technology, 2013, 28(4): 487-495.

[17] DE MOOR E, MATLOCK D K, SPEER J G, et al. Austenite stabi-
lization through manganese enrichment [J]. Scripta Materialia ,
2011, 64(2): 185-188.

[18] LIY,LUH, YU C, et al. Accurate prediction of welding stress evo-
lution by considering improved phase transformation model [J].
Materials Transactions, 2015, 56(5): 715-719.

[19] SOLEIMANI M, KALHOR A, MIRZADEH H. Transformation-in-
duced plasticity (TRIP) in advanced steels: A review[J]. Materials
Science and Engineering: A, 2020, 795: 140023.

[20] CAI Z H, DING H, MISRA R D K, et al. Austenite stability and de-
formation behavior in a cold-rolled transformation-induced plastic-
ity steel with medium manganese content [J]. Acta Materialia,
2015, 84:229-236.

[21] HOU W, LIU Q, GU J. Nano-sized austenite and Cu precipitates
formed by using intercritical tempering plus tempering and their
effect on the mechanical property in a low carbon Cu bearing 7 Ni
steel[J]. Materials Science and Engineering: A, 2020, 780: 139186.

[22] CHIANG J, LAWRENCE B, BOYD J D, et al. Effect of mi-
crostructure on retained austenite stability and work hardening of
TRIP steels [J]. Materials Science and Engineering: A, 2011, 528
(13-14): 4516-4521.

[23] , , . N Cr-Ni-Mn
TRIP . ,2021, 70(12): 1406-1411.

[24] KOUTSOUKIS T, REDJATMIA A, FOURLARIS G. Phase trans-
formations and mechanical properties in heat treated super-
austenitic stainless steels[J]. Materials Science and Engineering: A,
2013, 561: 477-485.

[25] ABE F, ARAKI H, NODA T. The effect of tungsten on dislocation
recovery and precipitation behavior of low-activation martensitic

9Cr steels[J]. Metallurgical Transactions A, 1991, 22: 2225-2235.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

[26] CHEN T, PARISH C M, YANG Y, et al. High-temperature
strengthening mechanisms of Laves and B2 precipitates in a novel
ferritic alloy[J]. Materials Science and Engineering: A, 2018, 720:
110-116.

[27] CHEN S W, ZHANG C, XIA Z X, et al. Precipitation behavior of
Fe2Nb Laves phase on grain boundaries in austenitic heat resis-
tant steels [J]. Materials Science and Engineering: A, 2014, 616:
183-188.

[28] OBASI G C, ZHANG Z, SAMPATH D, et al. Effect of Microstruc-
ture and Alloy Chemistry on Hydrogen Embrittlement of Precipita
tion-Hardened Ni-Based Alloys [J]. Metallurgical and Materials
Transactions A, 2018, 49(4): 1167-1181.

[29] SALEMI A, ABDOLLAH-ZADEH A, MIRZAEI M, et al. A study
on fracture properties of multiphase microstructures of a CrMo
steel[J]. Materials Science and Engineering: A, 2008, 492(1-2): 45-
48.

[30] TIOGUEM F, NGUYEN F, MAZIERE M, et al. Advanced quan-
tification of the carbide spacing and correlation with dimple
size in a high-strength medium carbon martensitic steel[J]. Materi-
als Characterization, 2020, 167:110531.

[31] DEY G K, TEWARI R, RAO P, et al. Precipitation hardening in
nickel-copper base alloy monel K 500[J]. Metallurgical and Mate-
rials Transactions A, 1993, 24(12): 2709-2719.

[32] MATSUO T, YAMABE J, MATSUOKA S. Effects of hydrogen on
tensile properties and fracture surface morphologies of type 316 L
stainless steel[J]. International Journal of Hydrogen Energy, 2014,
39(7): 3542-3551.

[33] QIN W, LIJ, LIU Y, et al. Effects of grain size on tensile property
and fracture morphology of 316 L stainless steel [J]. Materials
Letters, 2019, 254: 116-119.

http://www.cnki.net



