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Rozdeleni

Svntéza nanocastic VS. nanostrukturovanvch materiala
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Ruzné déleni

Laboratorni (funk¢ni hledisko) vs. priumyslova (ekonomické hledisko)

Nanoparticles

Bottom-up vs. Bottom -down

Bottom-up Top-down

3
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Deleni dle typu prevazujici premeny spojene
s pripravou NPs

Mechanické Fazoveé Chemicke

Bottom -down Bottom -up
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Mechanicka synteza

Mechanické mleti Rozhoduji mechanické
vlastnosti mlecich kouli

(ocel 100C6, WC, ZxC, ...)
a zpracovavaného
materialu (vliv teploty —
kiehky lom)
Pomér hmotnosti mletého
materialu k drtivu 1/5 az
1/50 v lab. Podminkach.

attrition mill

Kiehky

Napét

1D vibratory mill

Viz TitaniK

3D vibratory mill

Napéti MPa

Casto se pouziva k pripravé nanostrukturovanych
materiala (viz praskova metalurgie)
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Praskova metalurgie
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Extréemni priklady nanostrukturovanych
materialu
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Fig. 19.6. Devices for severe plastic deformation. (a) Using an angled tube. The
work piece is usually introduced in the form of a bulk material. (b) Using high-
pressure rotation. The material is introduced in the bulk or powder form. One of

the two pistons is then made to rotate. The main difficulty is to prevent the work
piece from slipping during rotation
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Priprava NPs za pouziti ultrazvuku
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Limity pouziti p

furnace chamber

vaeuum pump <=

cooling water
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Ti alloys
cooling water
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askové metalurgie pro NPs

Primyslova ptiprava Cistych nanoprasku

Cu, Fe, Sn, Ti
alloys, slitiny
(ocel),...

,,Gas atomisation‘
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Parametry vysledného produktu

r~35x107"C C>1

Razné varianty:

Roztavené, indukéni ohfev, rotaéni varianta.

http://www.sciencedirect.com/science/article/pii/S1359645402004652

Povrchové napéti (energie) je nepiekovatelnou barierou pro Gas atomisation
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Growth by diffusion or reaction
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Nahodna fluktuace
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Motiv ve FD:

Koncentracni profil
pri spinodalnim
rozpadu:

Neni nutné nukleaéni stadium
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2. Triggering (spousteni)

Jednoduché: zména t, p, pridavek reakcni latky.
Zména podminek (pH, ...)
Katalytické (radikaly, iniciatory, pridavek surfaktantu, ..)

O O e 2l

e-beam "% 4
duced
AgmreLcji(iﬁ;t ion D 3

o“

The straight-forward synthesis of Janus nanoparticles composed of Ag and AgBr is
reported. For their formation, cucurbit[n]uril (CB)-stabilized AgBr nanoparticles
are first generated in water by precipitation. Subsequent irradiation with an
electron beam transforms a fraction of each AgBr nanoparticle into Ag®, leading to
well-defined Janus particles, stabilized by the binding of CB to the surface of both
AgBr and Ag®. With the formation being triggered by the electron beam, the
process can be monitored directly with a transmission electron microscope.
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Fazové pfremény Chemické reakce ®
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Lokalni minimum




Diskuse
< Janusovy nanocastice %

Janusovy CuAg NPs: http://www.mpg.univ-paris-
diderot.fr/spip.php?rubrique203&lang=en

Figure : a) HAADF-STEM image. b) same image after Fourier filtering, highlighting the
interface dislocation network between the copper core (green) and the silver shell (red).
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Priprava nanosastic

Syntéza z plynné faze

* Kondenza¢nimi metodami

*  Gas-phase condensation

*  Physical Vapor Deposition — PVD)

Chemické metody

. (Chemical Vapor Deposition — CVD)

*  Sol-gel syntéza

*  Koloidni metody

*  Srazeni

*  Z prekurzori

*  Reduk¢ni elektrochemické redukce soli kovi

*  Termicky rozklada kontrolovany rozpad metastabilnich
organometalickych sloucenin

*  Spray pyrolysis

*  Combustion synthesis

Specialni
* Laserova ablace
*  Sonochemické pripravy
« Litografické metody (Nanoscale lithography )
«  Solution-based methods:
*  Reverse-micelle
Homogeneous precipitation
Sol-gel

Electrochemical deposition on template surfaces and
films Nanocastice PS 2012
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Priprava CNTs

Power monitor Iso[g?tor
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/ catalyst / Schematic of microwave plasma-enhanced CVD

system used for CNT growth
@ CVD @ CVD (a) 800 nm SWNT pillar

Sio, :
Si substrate
( 30.0kV -0.5mm x15.0k SE 2006/06/19 20:32

Catalyst particles

Ca r bo n n an Otu bes a) Schematic of vertical SWNTs embedded in holes drilled

http://www.intechopen.com/books/carbon-nanotubes-synthesis- in SiO, film on Si substrate. (b) SEM image of SWNT
characterization-applications/aligned-growth-of-single-walled-and- cylindrical pillars of 800 nm in diameter, grown from the
double-walled-carbon-nanotube-films-by-control-of-catalyst-prepa bottom of holes drilled in SiO, film. (Hiramatsu et al.,

2007b) - reproduced with permission from Institute of Pure

and Applied Physics
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Reakce Liquid — solid

Ultrafine particles are produced by precipitation from a solution,
the process being dependent on the presence of the desired nuclei.
For example, TiO, powders have been produced with particle sizes
in the range 70-300 nm from titanium tetraisopropoxide. The ZnS
powders were produced by reaction of aqueous zinc salt solutions
with thioacetamide (TAA). Precursor zinc salts were chloride,
nitric acid solutions, or zinc salts with noncommon associated
ligands (i.e., acetylacetonate, trifluorocarbonsulfonate, and
dithiocarbamate). The 0.05 M cation solutions were heated in a
thermal bath maintained at 70° or 80 °C in batches of 100 or 250
ml. Acid was added dropwise to bring it to a pH of 2. The reaction
was started by adding the TAA to the zinc salt solution, with the

molar ratio of TAA and zinc ions being set to an initial value of
either 4 or 8. In intervals, aliquots were collected from the
reacting solution.

Nanocastice PS 2012

25



Mechanicke mleti

Problém:
Kontaminace
(mechanické
legovani), Fe
(az 10%), 02,

Hetractory
or
steel balls

Nanocastice PS 2012
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Vybrane metody pripravy
nanocastic (kovu a jejich slitin)

Priprava nanocastic (Top-down a
Bottom-up metody

-Tvorba aerosolu nanocastic z taveniny
Chemické reakce v plynné fazi

-Kondenzace z plynné faze (isobarické
chlazeni, isotermicka komprese)

- Mechanicka priprava mletim

- Priprava nanokompoziti

-Mokra syntéza z prekursori (redukce,
surfaktanty,...)- na Uch pouZivano
--sonochemicka priprava (necistoty, oxidace)

-Koloidni metody (nanoreaktory)
Abla¢ni metody: pro problémy a nezdary

na Ustavu chemie opusténo.

Problémy: agregace,

Siroka distribuce castic,
povrchové déje (oxidace,
adsorpce). Kriticka
velikost nukleatu,
Mechanické zneciSténi.
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Ablace mosazi na UCh



Laserova ablace Uch




Priprava nanocastic
na Ustavu chemie

Fyzikalni metody
-Laserova ablace (Vaculovi¢, Pesina VUT)

Nano mosaz

Syntéza v roztoku (organické prekursory
kovu, redukéni metody, NaBH,)

*Ag-nano (nizkoteplotni sintrace, VUT)

*SnAg-nano (fazové diagramy nanoslitin)
*SnAgZn-nano (termodynamika)
*CuNi (FD)

Sonochemie (ultrazvukenr

= AOT/n-heptane HAuCly containing HAuClL/AOT
.OXIdy composite

o microemulsion n-heptane

D. Skoda, V.

Wkoukal, A. p
@
StySkalik, K. ll\'%:rl‘ll/lincv"
Suchankova
Gold nanoparticles + Gold nanoparticles containing HAuCly cluster containing

AOT/ethanol solution reversed micelles reversed micelles
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Synatéza nukleace NPs:
http://www.zeepedia.com/read.ph
p?synthesis_of materials_based
on_solubility principle_synthetic
_strategies_in_chemistry&b=132

&c=4
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Nanoparticlesynthesis

in microreactors
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acrylamide monomer solution F-oil

magnetic
monomer

|
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Diskuse

http://nextbigfuture.com/2012/08/dna-can-shape-gold-
nanoparticle-growth.html
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