Toward Improved Ductility and Toughness of Soft Martensitic Stainless Steel

Yoshitaka IWABUCHI

Abstract - This paper details the factors affecting mechanical properties of soft martensitic
stainless steel castings that have lower carbon contents and increased nickel contents of
up to 6% compared with normal martensitic stainless steel castings. The effect of alloying
elements and impurities on the microstructural features and tempering characteristics
was considered in detail, with special reference to reverted austenite and temper
embrittlement. The mechanical properties were also investigated, and it was shown that
the best combination of strength and toughness is obtained when tempered at around 900
K. Addition of Mo was shown to improve toughness degradation due to slow cooling from
the tempering temperature. Lowering P and S contents leads to superior toughness and
fatigue properties. The threshold stress intensity range was shown to decrease with
increasing stress ratio, depending on P content.
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Table 1 Standards of soft martensitic stainless steels in each country

Chemical composition (mass%) Mechanical properties (min. value.)
country specification c | si | m P s Ni cr Mo oy | 08 3 ® | 2E
(Mpa) [ (Mpa) | () | (0) | (I
Germany DIN 17445-80 007 | 10 15 0035 0025 | 35/50 12.0/135 070 540 760 15 - 50
Switzerland VSM 19698-74 007 | 05 08 0.030 0030 | 35/40 125/135 045/0.55 590 740 15 - 60
France AFNOR32-056-74 008 | 12 15 0.030 0040 | 30/50 115/135 040/1.50 480 700 13 - 20
UK BS3100-76 425C11 | 010 | 10 10 0.040 0040 | 34/42 115/135 060 620 770 12 - 30
USA ASTM A296-78 006 | 10 10 0.030 0030 | 35/40 115/140 040/1.00 550 760 15 35 -
Japan JIS SCS6 006 | 10 10 0.040 0030 | 35/45 115/140 040/1.00 540 740 13 40 -
20H
a
=2.5 4.0
11.5 12.5%
P S a 2T1-CT R=0.05 0.3
0.02 0.03% 0.5 10H
2
a (211) vy (220)
JIS y (311) MoK,
Lo
S M
41
3. 5% N
1223K 773K
623 1053K 72ks
873Kx 36ks
5. 6K/ ks
2my
173 373K Fig.1
10mm
ASTM E813- 81 13967 - 49N
Jic Jc 1T-CT 20%
12. 5% 13% - 19N
‘JI C
Jic KdJ) (1)
1396 3 6 Ay
Jo 1 773 823K 7
Ko = { e } ..... (1) 853 903K



873 893K Fig.3 M

77K
900K 900K
FATT 900K
30
25t ]
900K
’a%
N 20 L _
= Mo
8 ]
E,
- 4,2.2
g 10} ] _
® Fig.d 139 - 49N
gl N (Eupp)
\\. vEupp (2)
o 1 1 1
750 800 850 900 950
Ep(J) =-0.715HV + 299 ... (2
Te ing Te ature
enpering Tenperature (K (2) 0.96 Eun
Fig.1 Relation between retained austenite and tempering
temperature as a function of cooling rate
4.2
4.2.1
Fig.2 139y
- 49N Fig.4 77K
Fig.3 50% -
(FATT)
400 T T T
4 320 | 4
i g 280 - b
E 240 | 1
200 | 0.16%M |
1 160 - 0. 46%MN> -]
120 0 | L \ :’ L ]
750 800 850 900 950 1000 70 800 80 900 950 1000
Tenpering Tenperature (K) Tenperi ng Tenperature (K)
Fig.2 Variation of strength of each specimen with Fig.3 Variation of FATT of each specimen having

tempering temperature 0.16 and 0.46%Mo with tempering temperature



y cons

Fig.5
ycons
yCOHS yCOHS
[8
Zm T T
150 | i
5
5
100 - g
i3]
i
L™
- 0| ke ]
a 77K
o. ey oy Y TR
150 200 250 300 350
Hardness (HV)
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Fig.6 Processing sensitivity of impact behavior and
retained austenite during tempering
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