
Chapter 6 Bulk Nanostructured
Materials

• Bulk nanostructured materials are solid
• having 
• 1. a nanosized microstructure 
• 2. the basic units are nanoparticles



Disordered Al12 Particles

Hypothetical 2-D
Oedered –Al12 particles
forming nanostructure



6.1 Solid disordersed nanostructure

• Compaction and consolidation
• 1. 85%Cu and 15%Fe powder in atomic 

weight
• 2. Ball milling  to form Fe85Cu15 particles
• 3.  Compacted using a tungsten-carbide at 

1GPa for 24 h
• 4. Hot compaction at ~ 400C with 870 

MPa
• 5. Final density 99.2%



Distribution of size 



CeAl2 HRTEM
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Fracture stress enhanced from 0.56 GPa ( 50-150 
um grain Ironto 2.8 GPa )(40 nm grain) 

Ductile region

Young’s 
modulus

Ductile?柔軟
Brittle? 脆
elongation



Rapid solidfication-Chill block melt 
spinning

nozzle

10-100 um

RF

• Light weight, high strength materials
• 1. A melt spun alloy Al(85-94%)-Y-Ni-

Fe 
• 2.  Consisting of 10-30 nm Al particles 

embedded 
• 3. Tensile strength ~1.2 GPa
• 4. Defect free aluminum nanoparticles



Gas atomization



Electrodeposition

• Electrodes： Titanium
• Electrolyte ： CuSo4(電解液)
• Cu 2 mm film (-Titanium)with grain size of 27 nm
• Enhanced yield strength 119 MPa



6.1.2 Failure mechanisms of 
conventional grain-sized materials

An irreversible  elongation after
breaking of the bond 

Crack!



Brittle to ductile transition !
Lattice dislocation. 
1. Lattice slide
2. Weaker bonds along the dislocation

Hardening: to Impede the movement 
of dislocation  by introducing tiny 
particles iron carbide into steel 

B to D region



Young’s modulus
stress-strain ratio Hall-Petch equation

For convention grain
Yield strength
σ= σ 0 + K /d1/2

nano

6.1.3 Mechanical Properties



• Materials having smaller grains have more grain 
boundaries, blocking dislocation movement

• Bulk nanostructured materials are quite brittle and 
display reduced ductility (~ a few % elongations) for 
grain size < 30 nm. Due to flaws and porosity

• As compared to copper (60% elongations)





6.1.4 Nanostructured multilayers

nanoindenter

Mismatch of crystal structure
TiN a=0.4235 nm
NbN a=0.5151 nm



6.1.5 Electrical properties



E: activation energy



Electron tunneling



The no. of electrons that can move

Net Current 



6.1.8 Porous Silicon made by 
electrochemical etching in hydrogen fluoride

HF (hydrogen fluoride)



Luminescence: Absorption of energy 
Reemit Visible or near-visible light

Fluorescence: emission occurs 
within 10-8 s

Phosphorescence: a delay emission



Explanations



Quantum effects量子效應：

Quantum size effect
「量子尺寸效應」

Quantum confinement effect
「量子侷限效應」

Particles,etc

mesoporous materials,etc

Quantum effects量子效應：



• Vapor-Liquid-Solid

• Melt injection into porous templates

• Electrodeposition into porous templates

• Vapor-Liquid-Solid

• Melt injection into porous templates

• Electrodeposition into porous templates

Nanowire Growth Mechanism



AluminumAluminum

anodizeelectropolish

acid

+ -

Al2O3

remove 
excess AlCuCl2

remove 
barrier layer

H3PO4

Sputter Au

Fabrication of Porous Anodic Alumina Templates



60 nm

Top Surface

20 nm 10 nm

( a ) ( b )

( c ) ( d )

利用陽極處理氧化鋁 (Anodic Aluminum Oxide, AAO)製造各式尺寸的奈米孔洞模板, 
孔洞的直徑分別為圖(a) 60nm (b)60nm nanopore template 的側面圖. (c)20nm (d) 10nm. 
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Electrodeposition of Bi2Te3 nanowire arrays
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UC, Berkley



Hexagonal Bi2Te3 single-crystal
Nanowires. 
(Xiaoguang Li, Hefei, P. R. China)
J. Phys. Chem. B 2004, 108, 1844-1847

( A. M. Stacy. Group, U. C. Berkeley. 2002 )

Bi2Te3 nanowire arrays (~45 nm)



6.2 Nanostuctured Crystals

• Natural Nanocrystal
• B12



Fullerence C60



6.2.3 Arrays of nanoparticles in 
Zeolites

• Zeolites: Cubic mineral 
• (Na2,Ca)Al2Si4)O12.8H20
• Porous materials



Zeolite--Mordenite

• (Ca,Na,K2)(Al2Si10)O24.7H2O
• Orthrorhombic
• Long parrel channels
• With d= 0.6 nm

• Se atoms fill into the channel
• to form chains of single atoms 



Optical absorption

The electronic structure of Se chains is different from Se crystal



6.2.4 Crystals of metal 
nanoparticles

Chemical reduction !



6.2.6 Photonic Crystals

E=h2k2/8π2m
Bragg reflection



1987 Yablonovitch Bragg reflection for light 
in the building lattice

d=0.37 mm l=100mm  s=1.97 mm

Air band

Dielectric 
band



Wave guide


