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NANOMATERIALS AND 

NANOTECHNOLOGIES.
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Richard Feynman: „There's plenty of room at the bottom”
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Logo IBM (Donald Eigler i Erhard Schweizer)

NANO WORLD 



6

SL

2

V

3 r4Gr
3

4
G 




Shewmon, Transformations in Metals

V

SL

G
r




2
*

For nucleation, the critical size has always been of the order of nm!
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Solubility of a b Particle as function of its size
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T. Tanaka, S. Hara: „Thermodynamic Evaluation of Binary Phase Diagrams

of Small Particle Systems”, Z. Metallk. 92 (2001) 5, 467-472.
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The melting of embedded Pb in Al occurs over a 

continuous range of temperatures.  It is as though there is 

a two phase equilibrium between Pb(L) atoms at the 

surface and Pb(S) atoms in the interior.  After Zhan Shi, 

Ph.D Thesis , CMU, 2004

But…!
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Paul Mulvaney, MRS Bulletin, Dec. 2001, p.1009

Au Atom: ~0,1 nm (1A), colorless

Au clasters: < 1nm, nonmetalic, orange 

Au nanocrystallites: 3 - 30 nm, metalic, transparent / red

Au particles: 30 - 500 nm, metalic, transparent / turbid

crimson -> blue

Au bulk: golden color!

M. Faraday, Philos. Trans. R. Soc. London, 147 (1857) 145-181
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Paul Mulvaney,                   

MRS Bulletin,                         

Dec. 2001, p.1009

in the

limit of                

very small 

spacings               

and                          

a gold volume 

fraction 50%,          

the film spectrum  

is almost identical 

to that                    

of the bulk

gold thin film
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NANOMATYERIALS CAN BE 

PRODUCED USING TWO BASIC 

TECHNOLOGIES:

• TOP - DOWN CAN BE REALIZED BY:
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- CRUSHING IN BALL MILLS. 
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Scheme of mechanical 

alloying process

a) welding

b) fracturing

Planetary mill 

Fritsch Pulverisette 

P/4

and scheme of ball 

movement during 

mechanical alloying 

process
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Table 2 Microhardness of Ti, TiNb and TiTaNb samples ball milled and uniaxially hot pressed

Samp

le

Ball milled 

powder

mHV20

Uniaxially hot pressed

mHV20

Ti 1029±149 1037±100

TiNb 822±40 773±69

TiTa

Nb

786±92 610±89

Set of diffraction 

pattern of Ti-

10Ta-10Nb alloy 

after different 

milling time.
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Furnace and 

graphite 

mould

Hydraulic 

press

Type VEB-

WPM 400 kN

Temperature

regulator

Argon 

supplied 

system

Scheme of the applied uni-

axial hot pressing
Photograph of the applied hot pressing 

device
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Equal 

ChannelAngularPr

essing (V. Segal, R. 

Valiev) Torsional

Extrusion(V. 

Varyukhin)

VAccum. Roll Bonding (N. Tsuji)

High

Pressure Torsion

(N.Bridgman, 

R.Valiev)
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Scheme of the hydrostatic 

extrusion processing
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a) b)

TEM micrograph (a) and grain size distribution (b) of Ti after 

hydrostatic extrusion (d2- equivalent diameter of grain 

size, E(d2)- mean equivalent diameter of grain size, 

SD(d2)-standard deviation,  Cv(d2)-variation coefficient
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(EQUAL–CHANNEL ANGULAR PRESSING)

F

α = 90°

F

α = 90°
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(EQUAL–CHANNEL ANGULAR PRESSING)
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J. Kuśnierz  Microstructure and texture evoling under Equal Channel Angular (eca) processing

Archives of Metallurgy Vol. 46 2001
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500 nm

RD

SGE8-r

200 nm

SGE8-r

200 nm

RD

SGE8-r

TEM MICROSTRUCTURES
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Yiekld stress as a function of grain size (-1/2) in micro and 

nano range for alloys and metals (after Kumar Acta mat. 

2003 str.5747
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High Strength and High Ductility of SPD Nanomaterials Y.Wang, 

M.Chen, F.Zhou, En Ma, Nature 419, 912-915 (2002

Cu99,9
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FePt  Nanoparticles

a

b

c
x

y

z

fcc disordered

a

b

c

x y

z

L10

(2
2

0
)

5 nm

FePt



31



32

Motivation

Shape and geometry

height h
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th
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{111} facets

(001) top facet

Stranski-Krastanov growth (Self-organized growth)

(Si,Ge) islands

wetting layer

Si (001)

substrate

Topography by AFM
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1000 nm

88.6 nm
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xGe = 0.4
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Aspect ratio: Ar = w / h   

experimental: Ar  2.0


