Contents

1 Introduction.......... ... ... ... . . . . . 1
1.1 Porous Materials Widespread in Natural World . . . . ... ... ... 1
References. ... ... .. 6

2 Various Fabrication Methods of Cellular

Metals and Foamed Metals. . .. ........................... 7
2.1 Materials Definition. . .. ......... ... ... . ... ... 7
2.2 Various Fabrication Methods. . . ....................... 8
2.2.1 Melt Gas Injection (Air Bubbling). . ............... 8
2.2.2 Gas-Releasing Particle Decomposition
intheMelt....... ... ... ... . .. .. ... 9
2.2.3 Gas-Releasing Particle Decomposition
inSemisolids. . . ...... ... ... 9
2.2.4 Casting Using a Polymer or Wax Precursor
asTemplate. . ... ... i 10
2.2.5 Metal Deposition on Cellular Preforms . . .. .......... 10
2.2.6 Entrapped Gas Expansion. . ..................... 11
2.27 Hollow Sphere Structures. . .. ...............oo... 11
2.2.8 Co-compaction or Casting of Two Materials,
One Leachable. . ............................. 12
References. . ... ... . . 12
3 Fabrication Methods of Porous Metals
with Directional Pores. . .. ... ... ... ... ... ... ... ... ... ... 13
3.1 Historical Background . . ... ...... ... ... ... ... ...... 13
3.1.1 IceWormholes............. .. ... .. ... 13
3.1.2 Porous Metals with Directional Pores. . .. ........... 16
3.2 High-Pressure Gas Method (PGM). .. ................... 16
3.2.1 Mold Casting Technique . . ... ................... 16
3.2.2 Continuous Zone Melting Technique . . .. ........... 20
3.2.3 Continuous Casting Technique . . . .. ............... 24

ix



Contents

3.3 Thermal Decomposition Method (TDM) . ................. 36
3.3.1 Mold Casting Technique through TDM . ... .......... 37
3.3.2 Continuous Zone Melting Technique
through TDM. ... ... ... i 47
3.3.3 Continuous Casting Technique through TDM......... 52
3.4 Moisture Decomposition Method . . . ..................... 54
3.4.1 Fabrication of Lotus Nickel by Moisture . . .. ......... 54
3.4.2 Fabrication of Lotus Cobalt and Silicon
by MOIStUIe . . . . . ettt 57
References. .. ... . 62
Nucleation and Growth Mechanism of Pores in Metals. . . . ... .. 65
4.1 Solubility of Gases in Metals: Sieverts’ Law . ... ... ........ 65
4.2 Evolution Process of Directional Gas Pores. . .............. 66
4.2.1 PoreNucleation. ................uuiiiuuennnn. 67
422 PoreGrowth. ... ... ... ... . . . . .. 67
4.3 Model Experiment on Unidirectional Solidification
of Water Containing Carbon Dioxide . . ................... 74

4.4 Influence of Ultrasonic Agitation on Pore
Morphology during Unidirectional Solidification

of Water Containing Carbon Dioxide . . ................... 76
4.5 Evolution of Spherical Pores during

Foaming Process. . ....... ... ... . .. ... . 79
References. . .. ... . 82

Control of Pore Size and Porosity in Lotus-Type

PorousMetals. ... ..... ... ... ... ... . ... i 83
5.1 Control of Pore Size by Solidification Velocity. . ........... 83
5.2 Control of Pore Size and Porosity by Ambient

GasPressure. . . ... 87
5.3 Control of Pore Size by Addition of Oxide Particles.......... 89
References. ... ... . 92

Details of Fabrication Techniques of Various
Lotus Metals and Alloys, Lotus Intermetallic Compounds,

Lotus Semiconductors, and Lotus Ceramics. . ... ............. 93
6.1 Fabrication of Lotus Iron by Nitrogen. . .. ............... 93
6.2 Fabrication of Lotus Silver by Oxygen. . ................. 98
6.3 Fabrication of Lotus Intermetallic Compounds. . ........... 102
6.4 Fabrication of Lotus Silicon. . ........................ 104
6.5 Fabrication of Lotus Alumina by Unidirectional

Solidification. . .. ... ... 106
6.6 Fabrication of Lotus Brass by Solid-State Diffusion. ........ 109

6.7 Effect of Microstructure on Pore Morphology
in Lotus Magnesium Alloys. . . ........ ... ..., 109



Contents

6.8 Fabrication of Lotus Carbon Steel by Continuous
Casting Technique . . .. .......... .. ... ... ... .....
6.9 Fabrication of Lotus Aluminum by Continuous
Casting Technique . . .. ... ... ... ...
References. . ... ... ... .. ..

7 Mechanical Properties of Lotus Metals and Alloys. ............
7.1 Elastic Properties. . . .......... .
7.2 Internal Friction. ... ... ... ... ... ... ... ...
7.3 Tensile Strength. . .. ... .. ...

7.3.1 Ultimate Tensile Strength. .. .....................
7.3.2 Investigation of Tensile Deformation

by Acoustic Emission Method . . ... ...............

7.4 Compressive Strength. . ... ... ...

7.4.1 Compressive Yield Strength. . ....................

7.42 Energy Absorption. ... .........uiiiiiinn.

7.4.3 Effect of Pore Orientation on Compressive Properties . . .

7.4.4 Strain Rate Dependence of Compressive Behavior. . . . .

7.4.5 Compression Deformation Behavior of Lotus (y-TiAl). . .

7.5 Bending Strength. . ......... ... ... ...

7.6 Fatigue Strength. . .. ... ...

References. ....... .. ... .

8 Various Physical and Chemical Properties of Lotus Metals. . . . . .
8.1 Sound AbSOIption. . ... .........ouiiiuunn e
8.2 Thermal Conductivity . . .. .. ...ttt

8.2.1 Measurement of Effective Thermal
Conductivity of Lotus Copper. . . .................
8.2.2 Analysis of Effective Thermal Conductivity
of Lotus Copper. . . ...t
8.3 Electrical Conductivity . . . . ..ottt
8.3.1 Measurement of Electrical Conductivity
of LotusNickel . .. ........... ... . ...
8.3.2 Analysis of Electrical Conductivity of Lotus Nickel . . . .
8.4 Magnetization . . . ... ...ttt
8.5 Thermal Expansion. ................ . . ... ...
8.6 COITOSION . . o v v vttt et e e e
References. .. ... .

9 Processing of Lotus Metals. . . ............................
9.1 Weldability. ... ... .o
9.1.1 Weld Fusion Property of Lotus Copper. .............

9.1.2 Weld Fusion Property and Joint
of Lotus Magnesium. .. ...............couvuun..
9.2 Equal-Channel Angular Extrusion Process. . ...............
References. .. ... ... . .

xi

112

115
125

127
127
131
135
138

142
148
148
151
153
160
164
169
172
179

183
183
189

190



xii Contents
10 Various Applications of Lotus Metals. . .. ................... 231
10.1 Nomenclature. . ............. 0. 231
10.2 HeatSink............. .. ... .. . . . . 232
10.2.1 Heat Sink for Air Cooling. . .. ................. 234
10.2.2 Heat Sink for Water Cooling. . . ................ 241
10.3  Vibration—Damping Materials. . .. ..................... 244
104 Golf Putter. .. ... .. 251
10.5 Medical Devices. .. ...t 253

10.5.1 In Vitro Cytocompatibility of Lotus
Ni-Free Stainless Steel . . .. .................... 253

10.5.2 In Vivo Osteocompatibility of Lotus
Ni-Free Stainless Steel . . . ..................... 256

10.5.3 Biocompatibility of Lotus Stainless
Steel and Titanium in Alveolar Bone. .. .......... 263
References. . ... ... 270
11 Summary. . ... ... .. 273
About the Author . . . ...... ... . ... 275
Index . . ... 277



2 Springer
http://www.springer.com/978-4-431-54016-8

Porous Metals with Directional Pores
Makajima, H.

2013, XN, 284 p. 244 illus,, 43 illus. in color., Hardcowver
ISEMN: 978-4-431-54016-8



	Contents

