NANOMATERIALS AND
NANOTECHNOLOGIES.



The journey into the nano-cosmos (1)

Scientific and technical principles
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The journey into the nano-cosmos (2)
Size relationships
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For nucleation, the critical size has always been of the order of nm!
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Ratio of the solubility of the g
particle of size r to infinite size

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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Properties of different-sized nano-particles

sientific and technical principles
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The jouney into the nano-cos

CdSe nano-particles in solution (1.5 - 4.0 nm)
Nano-particles are tiny crystals: Ji' m ; EF‘ 3 £
the smaller they are, the more they
behave like a molecule
3 , G

, Py | Fluorescence depending on the particle size

Schematic of a CdTe nano-particle
with stabilising shell

2nm | Particle size




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

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

Gold leaf can be beaten to thicknesses of 1/278000 of an inch (around 90 nm).

Such films are continuous and green in transmission. Further thinning with KCN
gives ruby red films.

Chemical means to finely divided gold. Also deflagration of gold wires to
Au bulk: golden color! produce ruby red particles. Chemically indistinguishable from gold.



Figured.(a)—(d) Electron micrographs of silica-coated 15-nm gold particles with various
shell thicknesses.

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 12



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

Rotation of the grinding bowl

Horizontal section

Movement of the
supporting disc

Centrifugal
force

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
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B Low desorption temperature

Surface contamination

Commercially non usable
technique and environmental
risks Sancchniine . ..
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microcrystalline
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-« Extrusion
direction
I Piston

< Sample

Scheme of the hydrostatic
extrusion processing
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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




(EQUAL-CHANNEL ANGULAR PRESSING)

28



gy =N*[2%ctg(p/2+y 2)+y *sin (p/2+y 12)]//3

S ®=90° +
| i =90" —
N Ay

¥ \ b = g, = N 0,9069

J. Kusnierz Microstructure and texture evoling under Equal Channel Angular (eca) processing
Archives of Metallurgy Vol. 46 2001
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TEM MICROSTRUCTURES
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New modifications of ECA pressing

\

ECAP with parallel channels ECAP-Conform

RZ Valiev and TG Langdon, Progr. Mater.Sci.,2006
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Advanced mechanical properties by SPD
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R.Z.Valiev et al., J. Mater. Res. 17, 5-8 (2002)
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Enhanced Fatigue Strength in ECAPed Mg-Al AM 60 alloy
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0. Kulyvasova (USATU) et al., M. Zehetbauer et al. (Univ. Vienna) (2008)



FePt Nanoparticles

fcc disordered

30




Surface structures of nano-particles:
from the atom to the super-crystal

The journey into the nano-cosmos |: Scientific and technical principles

Cd and Se
atoms form
nano-particles, wuwe

... the nano-particles
arrange themselves
symmetrically ...
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200 nm

AN HITWTAS 5 e



Motivation

Shape and geometry Topography by AFM

(Si,Ge) islands
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