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Recent Trends in High Strength Stainless Steel
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Fig. 1. Relation between austenite grain size

and 0.2% proof stress in Fe-12.5Cr-9.5Ni-2Mo-
0.1N® alloy.
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Table 1. Typical structures, strengthening methods and properties of high strength stainless steels.
Base structure | Typical compositions | Strengthening method Final structure Feature
Quenched martensite hed . S heni h hed . . d h
Fe-13Cr(High C) i Quenche: martensite trengthening the quenched martensite wnth C and tough-
Temper Tempered martensite | ening by tempering, but has low corrosion resistance.
) Quenched martensite Quenched martensite Good formability and corrosion resistance at room temper-
Fe-15Cr-7Ni(Low C) Cold rolling Precipitation- ature with low C content and strengthening by introducing
Martensite (Si, Ti, Al) i hargened martensite | Strains during cold rolling followed by precipitation
Aging strengthening by aging treatment.
Quenched martensite
Fe-13Cr-7.4Ni-3Si Tempered martensite | High strength with good ductility by introducing strains into
" (Low C) Cold rolling Reversed austenite quenched martensite during cold rolling and by forming
R Quenched martensite | austenite after reversion treatment, and has good weldability.
eversion treatment
Metastable austenite
Fe-17Cr-7Ni Defomed austenite Strengthening by forming strain induced martensite during
(Si, Cu, Al) Cold rolling Strain induced cold rolling and occasionally by strain aging or precipitation
’ ’ A l martensite strengthening after aging treatment.
ging
Metastable austenite
High strength with good ductility by forming almost 100%
Fe-16Cr-10Ni Cold rolling Reversed austenite strain induced martensite followed by forming ultra fine
! austenitic grains after low temperature annealing.
Reversion treatment
Austenite
Metastable austenite
Fe-12Cr-5Ni-0.2C . . . Good formability of austenitic phase at room temperature and
-3.5Cu Sub-zero quenching | Quenched martensite strengthening by quenching at sub-zero temperatures.
(Aging)
Stable ziustenite
> 1R o . . Strengthening by introducing strains into austenitic phase
Fe-18Cr-12Ni-N Cold Iollmg Defomed austenite during cold rolling and by strain aging after aging treatment.
Aging
Ferrite
. Heating of ferritic phase to (@ + 7) region and strengthening
Ferrite Fe-16.5Cr-1.5Ni H??_ﬁr‘;&;?:;";nto Fe;:;;ec/hed martensite by quenching with forming martensitic phase from austenitic
i phase.
Quenching

Martensitic Stainless Steel

Ferritic Stainless Steel

a)

-
Z
—

b) U SAT
M

M D-M

Austenitic Stainless Steel

2 ! SAT
[
. r D'T,a'
9
PH
T
5ZQ M

e) 7

Ultra Fine Grain Stainless

a

M : Martensite
T : Austenite
a : Ferrite
a

: Strain Induced Martensite

and Microduplex Stainless

D-M: Deformed Martensite
Steel )

D-7 : Deformed Austenite
Steel D-a: Deformed Ferrite

f)

SAT : Strain Aging Treatment
PH : Precipitation Hardening
®7r1r —- a—UFG 1 SZQ: Sub-Zero Quenching
@M —DM—~UMD(M+T) RT : Reversion Treatment
2 DT _ DT : Dual Phase Treatment
_____ ——\— a+7 Phase
MD : Microduplex
UMD : Ultra Microduplex
a — Dra — MD(a+7)
a+y — D(a+ r)_f UFG : Ultra Fine Grain
@ — D-a — MD(a+M) — T

T : Tempering

Fig. 3. Thermo-mechanical treatments of stainless steel.
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Table 2. Representative chemical compositions and mechanical properties of high strength stainless steels.
. . Chemical composition (mass%) Proof Tensile .
Type Dz?gggél:u stress | strength Elonogatlon H?’S{}gss Reference
g C Si Ma Ni Cr Mo Cu N elc. (N/mm?) | (N/mm?) o
SUS403 0.16 0.3 03 — 125 — — — — 965 1275 15 390 20;
M SUS420 0.31 0.6 0.6 0.413.2 — — — — 1550 1725 8 535 20
SUS440C 1.1 0.6 — — 16.7 — — — — 1890 1960 2 615 20)
SUS630 0.02 0.2 0.8 3.916.0 — 3.8 0.01| Nb:0.2 1305 1430 12 450
CROLOY16-6PH (0.04 0.5 0.8 7.5158 — — — |Ti:0.6,Al:0.4 1275 1310 15 412 20)
12-6 PHX 0.04 — — 6.0 12.0 — 3.0 — — 1290 1310 13 — 20)
M-PH FV 520(B) 0.05 0.4 0.8 5.514.0 1.8 1.5 — |Nb:0.3 990 1030 23 — 20)
Custom 455 0.03 — — 8511.8 — 2.3 — |Ti:1.2,Nb:0.3 1620 1645 10 527 20)
Pyromet X-15 0.01 <0.1 <0.1 — 15,0 2.9 — — |Co:20 1480 1550 17 484 20)
NSSHT1770M 0.04 1.5 — 7.0 13.8 0.8 0.7 — [Ti:0.3 1765 1790 5 530
A steel 0.01 1.5 — 9.210.2 3.0 — — [Ti:0.7 1940 1980 1 587
SUS301 0.1 0.5 1.1 70165 — — — — 1250 1750 7 490
Y NSSHT1960 0.08 2.8 0.2 6.015.0 — 2.0 0.08 — 1810 1910 3 575 21;
B steel 0.06 4.2 4.912.919.2 — — 0.14|V:0.1 1270 1440 7 420 22
SUS631 0.08 0.4 05 74168 — — — |Al:1.1 1540 1570 14 485
7-PH | AM350 0.10 0.3 0.8 4.3 16,5 2.8 — 0.10 1205 1410 19 434 20;
AM355 0.13 0.3 1.0 4.3 15.5 2.8 — 0.10 — 1340 1620 16 544 20
NSS431DP-1 0.03 0.6 0.3 1.516.3 — — 0.01 — 655 910 11 277 14)
DP | C steel 0.08 0.6 0.4 2.016.3 — — 0.01 — 1100 1200 8 393
NSSWS980 0.02 3.0 0.3 7.4133 — — 0.01 — 1080 1200 17 380 19)
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Electron micrograph (D.F.1.) of 14Cr-
7Ni-3Si-0.4Ti steel (HT1v770) after aging at
480°C for 3.6 ks.
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Table 3. Chemical compositions of 15% Cr type
stainless-steel (mass%).

C Si Mn Ni Cr Mo Cu N
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Microstructure of Fe-13Cr-7.4Ni-3Si
alloy (WS 980) after 67% cold rolled and reversed
at 660°C for 72 ks.
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