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Introclietion

Steel for automotive applications:

Good combination of strength, ductility, price

Lean Maraging TRIP Steels

» Ductile low carbon martensite matrix
» Small amount of austenite (TRIP, TWIP)

» Controlled precipitation hardening
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(COMPOSIIoNS INimassYo: classical maraging steel

Steel C NI Co | Mo | Ti | Al | Mn Fe
Maraging | 0.01| 18 12 4| 1.6| 0.15| 0.05|Balance

Low carbon: ductile martensite

Precipitation hardening

Expensive for automotive applications !

Optimised for very high strength + toughness
We want high strength + ductility
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(COMPOSIioNS I NimassY: new:/lean maraging steels

L=

ow carbon: ductile martensite

austeE

Precipitation Hardenable

Mn (+NI):

S (T

Steel C Ni | Co [ Mo | Ti | Al | Mn Fe

Maraging | 0.01| 18 12 4| 1.6| 0.15| 0.05|Balance
O9MnPH | 0.01 2 - 1/ 1.0| 0.15 9| Balance
12MnPH | 0.01 2 - 1/ 1.0| 0.15| 12| Balance
I\/InPH 0.01 2 - 1| 1.0| 0.15 Balance

Max-Planck-Institut fir Eisenforschung, Diisseldorf, Germany ' Raabe, Ponge, Dmitrieva, Sander: Adv. Eng. Mat. 11 (2009) 547




Procassine] ")

Vacuum induction melting
Annealing
Hot deformation

Solution heat treatment

Quenching —» Martensite + retained austenite

Aging (450°C)  "Maraging” retained
austenite

Max-Planck-Institut fir Eisenforschung, Dusseldorf, Germany = Dmitrieva et al. Acta Mater 59 (2011)
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Hardnessidunngraginglat450°C
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after aging (48h 450°C)
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Tansila (2sis

Engineering Stress (MPa)

Engineering Stress (MPa)
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Mn enrichment in interface ?
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OONRNEHRAGIgrati4508€; Proxigrams
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(ehiemicallcompositionsi(0OMnPH; 450°C/48h)

at. % In at. % In
particles particles
Ni 39.99 52.88
Mn 24.70 32.66
47.11
Ti 3.91 5.17
Fe 23.97 0

possible:  Ni_,(Mn,AlT)g,

C | Ni |[Mo | Ti Al |Mn Fe
001,20 /10|1.0|015 9 | bal
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OBVINPHAGMglati4505C

Aging time at 450°C 48 hours 192 hours
Volume fraction of particles 1.5% 4.3%
Number density of particles (m) 3.6x10%4 1.9x10%4
Mean diameter (nm) 4.7 £ 0.7 6.1+2.2

Fe ‘
bal. |

C | Ni |[Mo | Ti| Al | Mn
0012010 10/015]| 9

48 hours 192 hours

Iso-conc. surfaces:

only Fe and Ni shown
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Pragiojtatios

» After aging (48h 450°C) nanosized precipitations
INn martensite
(@ ~ 5nm; volume fraction ~ 1.5%)

» Heusler Alloy (Ni,MnAl)? B2 or L2,7 Coherent ?
Cut by dislocations ?
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Effectiofiagingrontauctility

12MnPH

12 wt.% Mn,‘ 0.01 wt.% CI, 2 wt.% Ni, 1 wt.% Ti, 0.15 wt.% Al J1 wt.% Mo, 0.06 wt.% Si

—> TRIP effect
(austenite
transforms to martensite)

— ——

D. Raabe, D. Ponge, O. Dmitrieva, B. Sander, Scripta Mater. 60 (2009) 1141
D. Raabe, D. Ponge, O. Dmitrieva, B. Sander, Adv. Eng. Mater. 11/7 (2009) 547
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Effectiofiagingrontauctility
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EffEcioiagimnaroniauctility
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APT results: Atomic map (12MnPH aged 450°C/48h)

Martensite decorated by precipitations
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Gonelusions

Design of “Lean Maraging TRIP steel“

Precipitation hardening =>Increase strength

Austenite (retained + new) =>Increase ductility

» Martensitic Mn-steels (~0,01wt%C): good ductility

» + controlled amounts of Ni (2 wt%), Al (0.15 wt%), ...
Increase strength during aging by formation of
nanosized precipitations without significant reduction
of ductility

» By controlling the austenite stability (here by Mn)
martensite can be refined and ductility can be further
Increased by retained and reverted austenite (TRIP)
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