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A New Approach for Interpretation of Strengthening Mechanism of Martensitic Steel through
Characterization of Local Deformation Behavior

Takahito OHMURA and Kaneaki TSUZAKI

Synopsis : Mechanical characterization in a sub-micron scale by nanoindentation technique is applied to Fe—C base martensitic steels to discuss the

strengthening mechanisms. Matrix strengths of block structures were probed to reveal a dependence on a carbon content, tempering tempera-

ture and metallurgical process. A grain boundary effect was also evaluated to consider the strengthening factors on the macroscopic strength.

It has been found that the grain boundary effect is significantly large on the strength of the Fe—C based martensite due to a fine effective grain

of block structure. A locking parameter in the Hall-Petch relation is reduced at tempering temperature above 450°C leading to a “hump” on

the temper-softening curve because film-like carbides on grain boundaries are disappeared above 450°C. A microstructure in a conventional

quench-tempered process includes high-density carbides on a grain boundary corresponding to a higher locking parameter than that of an

ausform-tempered martensite. The lower locking parameter in the ausform-tempered martensite reduces an stress concentration at an inter-

face between the carbide and ferrite phase, which contribute to the improved delayed fracture property of the ausform-tempered martensite.

Key words : nanoindentation; hardness; Fe-C based martensite; as-quenched; quench-tempered; strengthening factors; Hall-Petch relation; locking para-

meter; matrix strength; grain boundary effect.
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Fig. 1. Vickers hardness as a function of carbon content
of Fe—C martensite tempered at various tempera-
tures.'?
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Fig. 2. Example of Hall-Petch plot for martensitic
steels.”” (a) Fe~C and Fe-Mn as-quenched marten-
site. (b) Fe—C tempered martensite.
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Fig. 3. Increase in yield stress of Fe—C and Fe-N steels
plotted as a function of carbon or nitrogen content.
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Table 1. Chemical composition of the Fe—C binary martensitic steel (masso).

element C  Si Mn P S

Al

Cr Mo v Ni Cu Sn

mass %

X <0.01 <0.01 <0.002 <0.002 <0.003 <0.006 <0.002 <0.002 <0.01 <0.001 <0.001

x:0.11,0.22, 0.41, 0.62, and 0.81

N: <30 ppm

O: <40 ppm
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Fig. 4. Atomic force microscope image showing indent
marks on a specimen surface. The sample is Fe-C
tempered martensite.
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Fig. 5. Typical load-penetration depth curves for the Fe—C
as-quenched martensite with various carbon con-
tents.>®
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Fig. 9. Grain distribution maps of the Fe—C as-quenched martensite with various carbon contents.>® (a) 0.1, (b) 0.2, (c) 0.4, (d) 0.6

and (e) 0.8 wt% C.
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Fig. 14. A conventional plot of hardness versus tempering temperature for Fe-C martensite.
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Fig. 17. Bright-field TEM micrographs of the Fe-0.4wt%C
quench-tempered martensite tempered at (a) 300 °C
and (b) 450°C.
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Fig. 20. Schematic of the thermomechanical process of (a)
AF and (b) QT samples.®"

Table 2. Chemical composition of the low alloy Fe-C martensitic steel (mass%).

element C Si Mn P S

Cr Mo Al Ti (6] N

mass % 0.40 025 079 0.016 0.017

.12 0.17 0.020 0.002 0.0008 0.0037
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Fig. 21. SEM micrographs showing carbide structures of (a)
AF and (b) QT samples.®”
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Fig. 22. SPM images representing indent marks on the
specimen surface after indentation of (a) AF and
(b) QT samples.®"
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Fig. 23. Grain distribution maps of (a) AF and (b) QT
samples obtained by EBSD anaysis.®”
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Fig. 24. Typical loadggenetration depth curves of AF and

QT samples.
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Fig. 25. Semiquantitative Hall-Petch plot of AF and QT
samples.®"
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