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Fabrication and Mechanical Properties of Lotus-type Porous Carbon Steel by Unidirectional Solidification
in Nitrogen Atmosphere

Makoto KASHIHARA, Hirosi YONETANI, Takahiro KoBI, Soong-Keun HYUN, Shinsuke SUZUKI and Hideo NAKAJIMA

Synopsis : Lotus-type porous carbon steel (AISI1018) whose long cylindrical pores are aligned in one direction was fabricated by unidirectional solidifi-

cation in pressurized nitrogen gas. The ingots with the porosity from 10 to 30% were fabricated under the nitrogen gas pressure of 2.5 MPa at

various transference velocities from 40 to 160 ums™". Tensile strength was measured for Lotus-type porous carbon steel. Elongation was im-

proved due to normalizing at 1200K. The yield strength does not change even in lotus steel less than 20% in porosity.

This superior property is attributed to nitrogen solid solution hardening and pore existence.

Key words : lotus-type porous carbon steel; nitrogen; porous metals; porosity; unidirectional solidification; tensile test.
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Table 1. Fabrication conditions for lotus-type porous car-

bon steel.

No. | Transference Gas pressure
velocity (MPa)
(p m-s 1)

1 80 Ar 2.5

2 160

3 80 N2 2.5

4 40

5 330 Hz: 1.5 + He 1.0

6 330 H: 2.5

Table 2. Chemical composition of carbon steel AISI 1018

rod.
wth
Element C Si Mn P S
Standards [0.15~0.20 - 0.60~0.90] =0.030 [ <0.050
Specimens|  0.17 0.29 0.72 0.022 0.020
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Fig. 2. Sample shape used for tensile tests. (Unit is mm)
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Fig. 1. Cross sections of lotus-type porous carbon steel fabricated under nitrogen gas of 2.5 MPa. Transference velocities were 40,

80 and 160 ums™".
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Fig. 3. Stress—strain curves obtained from the tensile tests
of lotus-type porous and nonporous carbon steel.
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Fig. 4. Stress—strain curves which show the details of the
small strain range of Fig. 3.
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Fig. 5. Porosity dependence of the tensile strength of the
lotus-type porous and nonporous carbon steel.
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Fig. 6. Porosity dependence of the yield strength of the
lotus-type porous and nonporous carbon steel.
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Fig. 7. Porosity dependence of the tensile strength of
metallic part in the lotus-type porous and non-
porous carbon steel.

600
O non—normalizing
500 | .
o ® normalizing
)
£ 400 oo@ &
= @ oP o 8
S 300 §- 0
Z O
[} o0
+ Co
S200 F e O
b ® . d
oo
100 + under pressurised
H, or HytAr
0 . . . . ‘ . .
0 20 40 60 80 100

Porosity(%)

Fig. 8. Porosity dependence of the yield strength of the
metallic part in the lotus-type porous and non-
porous carbon steel.
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Fig. 9. The cross section parallel to the transference direc-
tion of the lotus-type porous carbon steel fabricated
under nitrogen gas of 2.5 MPa. Transference veloc-
ity is 80 ums™*,
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Fig. 10. SEM micrographs of fracture surface after the tensile tests of lotus-type porous and nonporous carbon steel. (a~d) Before

normalizing. (e~h) Aﬁer normalizing. a, e, f: No. 3, transference velocity 80 ms
I, N, 2.5MPa. c, d, h: No. 1, transference velocity 80 yums™

ence velocity 160 ums~
steel).
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N2 2.5MPa. b, g: No. 2, transfer-
, Ar 2.5MPa (nonporous carbon
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