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Strength Analysis of a Ferrite +Bainite Steel by AFM Ultra-micro Hardness Tester

Nobuo NAGASHIMA, Kensuke MIYAHARA, Saburo MATSUOKA, Kaneaki TSUZAKI,
Toru HARA and Toshihiko TAKAHASHI

Synopsis : AFM ultra-micro hardness test, micro Vickers hardness test and TEM observation were conducted for a ferrite+bainite steel, which consists

of bainite and polygonal ferrite. The results obtained are in the following. (1) AFM ultra-micro hardness tests show that nanoscopic hardness

is 155 near the center of bainitic ferrite grain and increases closer to its boundary. Nanoscopic hardness is kept constant at 151 in the polygo-

nal ferrite grain. (2) Micro-Vickers hardness tests show that macroscopic hardness is 251 and 147 for the bainite and polygonal ferrite re-

gions, respectively. (3) TEM observations show that many carbides precipitated along the grain boundaries of bainitic ferrite and the disloca-

tion density was almost same in both grains of bainitic and polygonal ferrite.

It is suggested from the above results that the strengthening by grain boundaries is important in the bainitic ferrite and this strengthening

effect is enhanced by carbides along grain boundaries.

Key words : ferrite+bainite steel; polygonal ferrite; bainitic ferrite; micro Vickers hardness; nanoscopic hardness; AFM ultra-micro hardness tester;

force-penetration depth curves.
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Table 1. Chemical compositions of the steels (mass%).

Materials C Si Mn P Cu Ni Al N Ti

IF steel 0.0012 0.01 0.14 0.014 0.015 0.046 - 0.046 | 0.0023 | 0.045

F+B steel 0.05 0.05 2.00 0.004 0.002 0.51 0.50 0.028 0.013 -
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Fig. 1. Schematic drawing of the AFM ultra-micro hard-
ness tester.
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Fig. 2. Optical micrograph of the ferrite+bainite steel.
The microstructure consists of polygonal ferrite Fig. 3. Optical micrograph of a TEM sample for th
and bainite. ferrite +bainite steel.

Fig. 5. TEM images of (a) polygonal and (b) bainitic ferrite for the ferrite +bainite steel. Dislocation densities obtained from the
TEM images with an assumption of foil thickness of 200 nm were 9.5 and 8.1X 10"3/m? for the polygonal and bainitic fer-
rite, respectively.
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Fig. 6. Force-penetration depth curves for the Fe single
crystal and the IF steel.
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Fig. 7. Force-penetration depth curves for the ferrite +bai-
nite and the IF steels.

Fig. 8. AFM images of (a) polygonal and (b) bainitic ferrite for the ferrite +bainite steel. The images were obtained after indenta-

tion tests. The arrows indicate indentations.
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Fig. 9. Relationships between estimated Vickers hardness, Hv*, and distance from indentation to the boundary, D, for (a) the IF
steel, and (b) polygonal and (c) bainitic ferrite of the ferrite +bainite steel.
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Table 2. Results of the nano hardness and micro Vickers hardness tests.

B B Nano Hardness Hv* Micro Vickers hardness Hv
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Fig. 10. Relationship between hardness,Hv or Hv*, and in-
dentation size, L.
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Fig. 11. Estimated contributions of the strengthening fac-
tors to the strength of the ferrite +bainite steel.
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