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Nanoprasky:
'ﬁ Pfechodové kovy: Cu, Ni, Co, Fe Al,.
'ﬁ Tézkotavitelné: Mo, W, .

'ﬁ Oxidy: Al203, ZrO2 (chem reakce se
stopami O), .

Karbidy: SiC. nitridy Si3N4

Aerosol:

1. Isobarické ochlazeni
2. Isotermickd komprese

Nutno rozliSovat
kondenzaci a pripravu
nanocastic a vrstev

Hlavni stadia procesu:
- Produkce par
- Kondenzace (ev. Chem - reakce
pro CVD)
- Kontrola velikosti
- Ochrana Nps
- Separace velikostnich frakci

Nanogastice PS 2012 2



Rovnovaha g-s

Zmény celkového tlaku

Indukc¢ni ohrev

4
gas Parcialni tlak
slozek
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Pro hranici
g/l plati:

Clapeyron relation
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Predstava dynamickeé rovnovahy v presycené
plynne fazi
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16.8. Schematic view of the atomic aggregation process

Kazdy agregat atomil 1ze popsat rovnovaznou konstantou a tedy
reak¢ni Gibbsovou energii

K =c¢,/c" AG.,=-ksThn

Koncentrace at. agregatl
velikosti n je velmi mala ale
fidi se vztahem:

Cn
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cn=cexp( g
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Podminky pro vznik zarodku - homogenni
nukleace

Gibbsova en. Spojena s kondenzaci:

dG = > pudn; = (o + ks In Po)dny + (po + ksT In P)dna

e

Plati: Pocet at?mu dn%. které ubyly V’plynne fazi = dn; = —dns = dn
tém co pribyly v kapalne
Pak po integraci: ac AP P
an ~ BT TR
Nutno uvazit i energii AG, =45, — (n — DksTIn Eid
povrchu pak: o
Kde p/p0 je piesyceni Mali vznikat nova faze -
pak musi platit: P < F,

A jeho hodnota musi byt dostate¢né velka, aby
kompenzovala Clen povrchovy.
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Nukleacni rychlost

Odvozeno z kineticke teorie plyni

V2rm(kgT)3 | pNkpTIn(P/Po)

Pro velmi malé zarodky:

(P/FPp)nt+t

J o 5
[In(P/Po)]

V pocatecnich stadiich kondenzace za dan¢ho tlaku rychlost nukleace vzriista kdyz
je presyceni velke.

Za vysokého presyceni vznikd mnoho malych zarodku

Za nizkeho presyceni vznika malo zarodk ale jsou velké

Ke vzniku nanocastic je tieba velkych presyceni.
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AP surface energy Fig. 1. lllustrations of (A) the generally overall

4nrly

excess free energy, (B) the average number of
cluster, and (C) the specifically overall excess free

AG|-----
. energy for heterogeneous and
' homogeneous nucleation, as functions of cluster size,
rcoss 1) enerey respectively.
Volume free energy
-%mﬁ% deposited material
N, FM Mode: 'ﬁ—-

seeding material

OGG
0’0
SK Mode: —

Clusters with radius r
- AG
Nr= Nucxp{-Tﬁ_’—]

Np - e e e e e e
i [J
0 0 rrr 00330
VW Mode: —_—

Fig. 2. Schematic illustrations of the FM Mode, the VW Modle, and the SK Mode for the
overgrowth of a secondary material on a seed particle. Courtesy: Nano Today, 2009, 4, 143-

164.

http://www.intechopen.com/books/nanocrystal/coll
oidal-hybrid-nanocrystals-synthesis-properties-
and-perspectives
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Fig. 3. Effect of increasing Au/rod molar ratio on the growth. Top panels show the
experimental results. (A) Original rods of dimension 254 nm. (B) “Nano-dumbbells”
(NDBs) after adding 1.3 j1mol of gold precursors to (A). (C) “Nano-bell-tongues” (NBTs)
after adding 1.3 pmol of gold precursors to (B). Lower panels show the theoretical results.
(D) Presentation of the system on a two-dimensional lattice. (E) Snapshot of final
morphology at low gold concentration (the two-dimensional gold density is 0.001) yielding
two-sided growth. (F) Snapshot of final morphology at high gold density (0.01) showing
one-sided growth. Courtesy: Nat. Mater., 2005, 4, 855-863.




Hybrid nanoparticle (¢lanek o nukleaci)

http://www.intechopen.com/books/nanocrystal/colloidal-hybrid-nanocrystals-synthesis-properties-and-perspectives
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Post kondenzacni efekty

Negativni jevy pii ptipravé vzniku nanocastic kondenzaci: 1

- koalescence (spojovani) v dasledku brownova pohybu

- rist, vede k lognormalnimu rozdé€leni (viz DLS grafy): agdomeration

coalescent
coagulation

B . _ [In(z/z) + 0?/2]"
(2m)/ 26 (x/7) P 202
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B... normalizac¢ni faktor

Tr =

o = [ln(Var/EQ) + IJ 1z
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Fig. 16.12. Coalescence of two particles )._. " °.7 - o

*
Browniv pohyb (pied po)\* o
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decreasing
temperature

Dynamicka bilance ohtevu:

thermostatically
controlled system
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Tlaky par vybranych latek

Table 16.1. Saturated vapour pressures of various metals

Element Cu Fe Ni Co Al Ti W
Saturated vapour pressure 0.1 0.01 0.001 0.001 0.1 107* <1074
at 1 700K (torr) , ’
Measured yield in evaporation— 1 1 1 1 0.1 0 —

cryocondensation (g/min)
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Tlaky par prvku (vé. Bodu tani a varu)

TEMPERATURE DEGREES CENTIGRADE
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Figure Al(a). Vapor pressure curves for the more common elements. After Honig (Ref. 5:14). (Courtesy RCA
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Tlaky par prvku (pokrac.)

TEMPERATURE DEGREES CENTIGRADE
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NPs pripravenée PVD
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Moznosti kontroly velikosti pri
PVD

Bézné metody: zména p a T profilu, geometrie,...

Termoforeza: Kryogenni kondenzace
eryogenic liquid
far from melt
AN
A . X \ .
agglomeration A
di
L+
coalescent £
coagulation B
B
5
growth <
Y
nucleation R P
oo molten metal
Browniv pohyb T a sedimentaced Omezeni rastu a koalescence

vysokym teplotnim gradientem



Alternativni metody ohrevu pri PVD

PISEITE VEIZOUL Sy

- Formation of -
< 'pan ocrysta Is::."
o Vapourand:
cogasarecooled

P,

.Elektr.(.)novy paprsék: | 200-1500 KW. -BOOOStC |
Argon plasma: 5-10kW: 3000-14000stC
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Laserova ablace

Ablace je odstranéni
materialu z povrchu
objektu pomoci
odparovani, sekani,

LASEROVY PAPRSEK

MEMBRANOVY FILTR
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| NATAVENY MATERIAL S
OHRIVANY MATERIAL [SE8
KOMPAKTNI MATERIAL | ‘
£ -500
E
= -1000
L=, Film
T -1500 thickness
-2000 | !
Ablace Au: 2500 e : ol Iy
http://ants0.kaist.ac.kr/xe/Laser LG i)
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Laserova ablace v roztoku

Podminkou je fokusace laseru

Laser Beam

Liquid

Solid

Polymer-Nano- | *

Laser-mademetal collo
in biocomp. monomer (Lacto Y 3 b Composite . : °
Y« - _— Ny L J -
st TiO2 ablacné.
. -
e ‘;' The team is using a continuous
wave (cw) fibre laser to produce
——— titanium-oxide nanoparticles with
' 200/ m a mean diameter of 30-40 nm at a
rate of around 2 grams/hour (g/h).
e No chem. Precursors & 100% pure e« Particles are charged = stable http://”a”OteChwgg-Yoorg/CWS/artiC'e/teCh/
e Universal = variety of material and ¢ Colloid, no powder = high occupat.
safety

solvent
Nizké vytézky

http://www.lia.org/blog/2011/03/laser-generated-colloidal-nanoparticles-by-laser-ablation-
in-liquids/
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Laserova ablace Uch A14 pod
ochrannou atmosferou




Elektronova mikroskopie ablataéniho produktu z UCh

Ablace se pouziva
jako prakticky
nedestruktivni

priprava vzorku

pro dalsi analyzy

Problémy: agregace,
Siroka distribuce
¢astic, povrchové déje
. (oxidace, adsorpce).

AccY Spot Mglgn " Det WD Exp |—| 10 pm Nizké vytézky
0 20.0kv 4.1 2000x SE 11.5 66848 SAC

? d

Abla¢ni metody: pro
problémy a nezdary na
Ustavu chemie opusténo.
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Tvorba nano vrstev pomoci PVD (PVD

Standard PVD Pure Metals

coating)

Aluminu Antimon Berylliu Bismuth Boron

m y m
Cadmium Calcium Carbon Cerium Chromium
Cobalt Copper Erbium Gadolinium Gallium
Germanium Gold Hafnium Indium Iridium

Iron Lanthanum Lead Magnesium Manganese
Molybdenum Neodymium Nickel Niobium Osmium
Palladium Platinum Praseodymium  Rhenium Rhodium
Ruthenium Samarium Selenium Silicon Silver

Tantalum Tellurium Terbium Tin Titanium
Tungsten Vanadium Ytterbium Yttrium Zinc

Zirconium | | |

Velké uplatnéni pri tvorbé
ochrannych a mechanicky
odolnych vrstev. Uplatiuji se
| CVVP procesy
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Technologie PVD
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Nano videa:
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(a) Nanbparticle (b) continuous (c) Organic
Inkjet printing laser #Soluent

Sintrace nanocasticovach
vrstev Fizena laserem:

http://ants0.kaist.ac.kr/xe/Las

er
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