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A Study on the High Temperature Strength of
Ferritic Stainless Cast Steels

Soo-Jung Ann, Mi-Ri Kang, Do-Soo Seo, Yong-Hyun Kim*,
Kwang-Hak Lee and Heung-Shik Kim

Abstract

A Study on microstructure and elevated temperature strength of 18Cr-2Mo ferritic stainless steel castings strengthened
by alloying small amounts of titanium and carbon, has been conducted. The morphology of titanium carbides showed
spherical in shape and their distribution depended on the amount of alloying elements. Maximum density (7 X 10°/cm?) of
titanium carbides has been formed in the alloy containing 2.0 wt.% titanium and 0.5 wt.% carbon as alloying elements
and the size of carbide particles is in the range of 0.5 to 3.0 um. High temperature tensile and fatigue strength of this
alloy were the highest among the alloys tested in this research. The fracture mode of the alloys containing alloying
elements less than 2.0 wt.% titanium and 0.5 wt.% carbon showed intercrystalline fracture at room temperature, while the
alloys containing higher amounts of alloying elements showed transcrystalline fracture. All of the alloys showed creep or

ductile rupture mode at elevated temperature.
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Table 1. Chemical composition of ferritic stainless steel (wt.%)

TypEelemem cr [ Mo | Ti | ¢ | si | Mo | Fe
M1 |18.03] 2.04 | 052 | 0.10 [ 0.11 | 0.04 | bal
M2 |17871205 | 1.02 | 010 | 0.11 | 0.04 | bal
M3 |17.92] 204 | 1.90 | 052 | 0.13 | 0.03 | bal.
M4 11790 2.03 | 5.00 | 1.18 | 0.12 | 0.03 | bal.
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Fig. 1. Optical microstructure of as cast M1 to M4 ferritic
stainless steels showing the distribution of spherical
particles.
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Fig. 2. EDX peaks and Scanning electron micrographs of as-

cast M1 alloy.
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Fig. 3. Optical microstructure of solution treated (at 1200°C)
M1 to M4 castings showing the distribution of
spherical particles.

T AEA A EAb 'EEo] o7t S
A3, M&ZEe] 7ol 2 =y} oS Z2dqsAl
7 ol loll= ke M7t glae] RAEUS. =t
A o5 TEe dAe e BE 7)AA 4] W
= §e Ao Als s

3.2 elESA
3.2.1 A2 QIBEA
e ARAY AFE Fig 4o 2

< e By, AIAEE ¢F 6.0%=A4 M &
2re vehligdoh M37}-8 43048l 27ke] 137}
(45 kg/mm)Reh A3 E ghe 7R 430248 <
H27pe] #AE(30%)) vt w9 HekgS o
T e, AAE 4570 T B ARl )
$- F o3ttt 3HH, Ab2olA o] & FhFo] dAtul
g AHe] oS AR o2 sl o
71 ZAAE Fig. 5ol vehfisitt. ARzleljA| BZo], M
1743 M7t Al A o2 AR 73A 7} F2l HAd 9
¥ (intercrystalline fracture)}s- ¥ 37, M37}3} M47}-2-
tekddol] v AlgE E5-Y(river pattern)3AH-S- H.al 4]
) =} 7] (transcrystalline fracture)®] 3=l FHA] 5}
5 Bk

3.2.2 400°C=} 600°C QU&HEA

400°Cell A a1AHA13 & Zas= Fig. 6o H.alule}
Zho] AR L= Al viste =A k3R] sk



-566- dHzlolBA AH|AH A F7}e T FT FF AF-deA - ArE - g - LY - o) FE - Z1FA
70 60
60 50 |-

M3
e
Ew M4
oy
2
8 30
0]

20

10

10 15 20
Strain(%)
Fig. 4. Stress vs. strain curves for M1 to M4 alloys at room

temperature.
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Fig. 5. SEM fractographs of tensile test fracture surface at
room temperature for M1 to M4 alloys.
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Fig. 6. Stress vs. strain curves for M1 to M4 alloys at
400°C.
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Fig. 7. Stress vs. strain curves for M1 to M4 alloys at

600°C.
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Fig. 8. SEM fractographs of tensile test fracture surface at
600°C for M1 to M4 alloys.
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Fig. 9. Stress vs. strain curves for M1 to M4 alloys at
800°C.
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Fig. 10. SEM fractographs of tensile test fracture surface at
800°C for M1 to M4 alloys.
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Table 2. Diameter and density of titanium carbide

Diameter (um) | Density (7H/cm’)
M1 0.5~2.0 6 x 10*
M2 0.5~3.0 4 % 10*
M3 0.5~3.0 7% 10°
M4 0.5~6.0 5x10°

Table 3. Tensile properties of ferritic
room and elevated temperature

stainless alloy at

Properties | Aligvs 91 25 | 400 | 600 | 800 | 1000
Tensile M1 450380260 68 | 1.9
strength M2 50.0143.01320) 79 | 2.0
(kg/mm?) M3 5301440350} 87 | 29
M4 50.01420(320]| 81} 2.2

Fracture M1 20| 80160 40 | 46
strain (%) M2 25 (1001190 35 | 48
M3 5.0 110.0(28.0] 45 | 54

M4 30 80115.0] 43 | 48

Reduction M1 15 18 | 45 | 68 | 80
of area M2 1.2 | 30 | 57 | 70 | 82
(%) M3 1.2 1 30 | 66 | 8 { 96
M4 1.0 ] 10 |} 30 | 62 | 82
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Fig. 11. Tensile strength vs. test temperature curves for M1
to M4 alloy castings.
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