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Fabrication of Lotus-type Porous Stainless Steel by Continuous Zone Melting Technique

Teruyuki IKEDA, Takeshi AOKI and Hideo NAKAJIMA

Synopsis : Lotus-type p‘orous stainless steel (SUS304L) rods were fabricated by continuous zone melting technique under pressurised gases of hydrogen
and inert gas such as argon or helium. The pores with cylindrical shape, whose growth direction is paraliel to the solidification direction,
were observed in the rods. The dependence of the porosity and pore diameter on the partial pressure of hydrogen or the total pressure and on
the transference velocity of rods was investigated. It was found that the porosity increases with increasing partial pressure of hydrogen under
the constant total pressure and the pore diameter decreases with increasing transference velocity. The maximum porosity was about 60%

under the experimental conditions in the present work. The observation of the microstructure and the measurement of the tensile strength

were also carried out.
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Table 1. The chemical composition of stainless steel SUS304L rods.

Element| C Si Mn P S Ni Cr Cu | Mo N 6]

mass % [0.0181 0.24 | 1.58 {0.024]10.018| 9.43 | 19.1 | 0.35| 0.16 {0.0780.016
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Fig. 1. Schematic drawing of the principle for fabricating
lotus-type porous metals by continuous zone melt-
ing technique. (a) Heating zone of the apparatus
and (b) fabricated lotus-type porous metal.
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Fig. 2. Sample shape used for tensile tests. The tension di-
rection is parallel to the pore growth direction.
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Table 2. The fabrication condition and the porosity, p, of
the lotus-type porous stainless steel for tensile
tests. Py and Py, are the partial pressure of hy-
drogen and helium, respectively, and v is the
transference velocity of the sample rod in the fab-
rication of porous stainless steel rod by the con-
tinuous zone melting method.

Condition|Py, / MPa|Py. /MPa| v/ums"' | Gas-blow |Porosity (%)
cooling
1 0.0 2.0 0
2 125 | 075 330 O 29
3 1.5 0.5 36
4 2.0 0.0 48
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Fig. 3. The cross sections parallel and per-
pendicular to the solidification di-
rection of the lotus-type porous
stainless steel fabricated under hy-
drogen gas of 2.0 MPa by continu-
ous zone melting technique. The
transference velocity is 330 ums™!.

The pore growth direction is in-

clined against the transference di-

rection in the vicinity of the sur-

face of the rod (i), while the pore
growth direction 1s almost parallel
to the transference direction in the

center (ii).
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Fig. 4. (a) Schematic drawing of the principle of fabricating lotus-type porous metals by casting technique. S: solidified metal. L:
liquid metal. (b) and (c) are, resgectively, the microghotographs of the cross sections paralell to the solidification direction
) fabricated by casting technique under hydrogen gas.
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Fig. 5. The cross sections perpendicular to
the solidification direction of the
lotus-type porous stainless steel fabri-
cated under hydrogen gas of 1.0 MPa
by continuous zone melting tech-
nique. The upper figures (a), (b) and
(c) are of the rods fabricated without
gas-blow cooling and the lower fig-
ures (d), (e) and (f) are of those fabri-
cated with gas-blow cooling. The
transference velocities are 160 ums™'
for (a) and (d), 330 ums ™" for (b) and
(e) and 500 ums~" for (c) and (f).

Table 3. Porosity and averaged pore diameter of the lotus-type porous stainless steel fabricated under hydrogen atmosphere of
1.0 MPa by continuous zone melting technique with/without gas-blow cooling.

Condition Transference Gas-blow Porosity (%) | Averaged pore
velocity / pms'' cooling diameter / pm

5 160 52 890

6 330 X 49 710

7 500 64 1070

8 160 59 1020

9 330 O 48 550

10 500 46 480
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Fig. 6. (a) Temperature distribution measured in fabricating lotus-type porous stainless steel by continuous zone melting technique
under hydrogen gas of 1.0 MPa. The measurements were done for the transference velocities 160, 330 and 500 ums™'
with/without gas-blow cooling. (b) Cooling rate calculated from the temperature distribution shown in (a).
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Fig. 7. The cross sections parallel to the solidification direction of the lotus-type porous stainless steel fabricated under hydrogen
gas of 1.0MPa by continuous zone melting technique with gas-blow cooling. The upper figures (a), (b) and (c) are of the

rods fabrlcated with the transferrence velocities 160, 330 and 500 ums™!
show the microstructures of the solid parts of (a), (b) and (c), respectively.
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Fig. 8. The cross sections parallel to the solidification direction of the lotus-type porous stainless steel fabricated under hydrogen
gas of 2.0 MPa by continuous zone melting technique without gas-blow cooling. The upper figures (a), (b) and (c) are of

!, respectively. The lower figures (d), (¢) and (f)

show the microstructures of the solid parts of (a), (b) and (c), respectively.
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Fig. 9. Averaged pore diameter (upper numbers) and

porosity (lower numbers) of the lotus-type porous
stainless steel fabricated by continuous zone melt-
ing technique with gas-blow cooling under various
pressures of mixed gases composed of hydrogen
and argon (a), or hydrogen and helium (b). These
diagrams are for the cases where the transference
velocity is:330 ums~'. The porosity of the lotus-
type porous stainless steel fabricated by casting
technique®” is shown in (c).
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Fig. 10. Examples of the stress—strain curves obtained
from porous and nonporous stainless steel.
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Fig. 11. Porosity dependence of the tensile strength and

the yield stress of the porous stainless steel fabri-
cated by continuous zone melting technique in the
direction parallel to the pore growth direction to-
gether with the tensile strength of porous stainless
steel fabricated by casting technique perpendicu-
lar to the pore growth direction®. Circles are the
results obtained using the tensile test samples
shown in Fig. 2 while triangles are those obtained
using the samples with thickness of 5 mm instead
of 2.5 mm. The broken curves are fitted to the ex-
perimental data using stress concentration model.
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