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* miianyag matrixa (hére lagyulo, hére keményedd vagy elasztomer),

* kis mennyiségti (<5 tomeg%),

* Nanoméretii (min. 1D<100nm),

* nagy alaki tényezdvel (aspect ratio:L/h>300) rendelkez§ részecskével
erdsitett szerkezeti anyagok.

Jobb mechnikai, termikus, elektromos és zar6 (barrier))
tulajdonsagok.

Nagymértékben csokken az éghetdséget mikozben a transzparens
tulajdonsagok nem valtoznak akar egy nagysagrenddel kisebb
toltoanyag

tartalom mellett.

e autoipar (lizemanyag tartaly, titk6z6k, kiils6 és bels6 elemek)

* épitGipar (szerkezeti elemek)

* repuilGipar (égésgatolt elemek és nagyteljesitményti szerkezeti
elemek)

* Elektromos és elektronikai alkalmazas (elektromos alkatrészek és
nyomtatott aramkor hordozo)

*Elelmiszer csomagolas (ételtarolé doboz, film boritas)




A réteges szilikatok beépiilése g/
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rétegvast: ~1 nm il
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A nanokompozitok globalis //7//4

felhasznalasanak a trendje

2005-2011 (milli6 $)
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Mit hord a j6v6 katonaja, ha nem //7/4

jUt neki eXOSkeleton*? ENGINEERING & MARKETING
SERVICES LTD.
»Jonnek a nanokatonak
Kaméleonruha és konnyti sisak”

Tudosok elérejelzéset szerint 2025-re a fejlett hadseregek
katonait komoly nanotechnoldgiai hattér segiti majd a
talélésben - irja a BBC. Intelligens nanorészecskékkel dusitott
egyenruhaja minden terepen optimalisan fog mikodni: szine
beleolvad a kornyezetbe; hszigetelése a kornyezet h6jétol
figoben valtozik; megstoppolja magat, ha elszakad; ellenall a
vegyi fegyvereknek és cseppet sem suhog.

* Biologiailag az exoskeleton a rovarok, rakfélék védelmet nyajté pancélja. A
katonai laboratériumokban és a popularis kultaraban egyfajta kiilso, fizikai
képességeinket megsokszorozo, testiinkre szerelhett motorizalt vaznak tekintik.




Nanotechnologia! /74
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1 centiméter 1 nanomeéter




Uj szén allotropok: az egy nano-
méteres “foci” és rokonai, a szén
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C60 molekula
(fullerén),
a ,,nano-foci” Grafén sik

“feltekerése”

NEM illithatok el6 . - L 4
,Kifaragassal”, ra kell SN NG O Pry Szén
birni a szénatomokat, ke ... b nanocsd
hogy igy kapcsoldédjanak =

0ssze.




Tulajdonsagok g/
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ELKTRONSZERKEZET
* tém vagy félvezet6 (feltekerés sz.)

* ballisztikus vezetd
* nanoelektronika ,,sziliciuma”

MECHANIKUS

Egytalu szén nanocsovek szakitoszilardsaga
(GPa) 6sszevetve mar alkalmazast nyert nagy
szilardsagu anyagokéval K.-T Lau & D. Hui,
Composites B, 33

(2002) 263

Carbon Graphite Aramid Stainless
Hanotubes Fibers {Haviar) Stoel




Alkalmazasok g/
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Hordozhaté RX késziilék — BICIKLI ( a teljes vaz 1 kg!!)- EASTON
APPLIED SPORTS, USA
NANOTECHNOLOGIES Ltd.,
USA
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Nanotechnoloégia

Ipari forradalmak




TENYEK /e

(2006 tebruar 04) 71 cég forgalmaz
,,hano-alapui” termékeket (forras:

NANOVIP.COM)
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Henkel
Group

General
Motors

Daimler _l' Pilkongton

Crysler
/Group (4
milliard €)

Eastman-

Kodak 7] /

!

Filtration
ManoFluidics

Manoparticle & Nancerulsions
CQuantum Cryptograpy
NanoCoatings
Superhydrophobic

Scratch Resistant Paint
Antibacterial &Desinfection




TANULSAGOK

* Az élsportolok és a csucskozmetikumok
vilagaban nem az ar az els6dleges
szempont — mindség ¢€s teljesit6képesség
mindenek felett! => ezek a teriiletek
alkalmasak az 0j és egyelore igen draga
technologiak ipari bevezetésére.

* Hasonlo elvek érvényesiilnek a katonai
fejlesztésekben, azokrol viszont
kevesebbet hallunk ...
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* A Nanotechnolégia — DISZRUPTIV technologia
=> az autogyartas kikliszobolte a hintd és szekér
készitést => nemcsak ) termék, de 4j termelési
mod 1s. Az ipar MINDEN tertletét érinti!

A Nanotechnologia - KONVERGENS

technolégia => a nano-, bio-, info- ¢és

kognotechnologiak egymas felé tartanak
Otletekkel és modszerekkel kolcsOonosen

,termékenyitve” egymast.




Potential application of
nanocomposites in power industry

Switchgear DC cable

b e i AN
Inverter-fed o

motor A0,

i 7 }}‘;V .
P
WIRS

All solid insulated Electrochemical
substation capacitor

References: Toshiba Review, No12 (2007). Web-site(http://www.nnets.co.jp/itemlist/insulator/gaisi/
pori-1.html), Nihon Network Support Co..  Nanotech 20086, Toshiba Co.. CRIEPI Research Report,
H05008(2006). Web-site(http://www.ecass-forum.org/jpn/admission /adlc.html), ECaSS forum.
Web-site(http://www.hitachi-hmw.co.jp/), Hitachi Magnet Wire Co..  Hitachi Cable, No. 21 (2002).
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HVDC Cable material

Table 1.

Generation Classification of HVDC Material

1st
generation

2nd
generation
For 250EV
dc Cable

Ard
generation
For BOORV
de Cable

Base polvmer

XLFE

Material of filler

Mineral
filler

MgO
(99 .968%)

Mg
(99.98%)

Average diameter of

filler

Micro size

30nm

50nm

Content. of filler

40phr

Sphr

1phr

Surface treatment

of filler

Silane
treatment

Silane
treatment
*

Separate treatment
after silane
treatment

Mill-

crushing

Jet-
crushing

*! The method of processing of silane treatment

and silane

Breakdown Strength
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Fig. 1.

Conventional

XLPE

15t Generation

2nd Generation

Jdrd Generation

Generation transition of brekdown strength of




Samples and Measurement System b/G.
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Conduction current

Breakdown test
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DC Breakdown Characteristic /(4
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DC breakdown strength increased with addition of MgO nanofiller
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DC Breakdown process

Breakdown Strength
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Breakdown strength saturates with MgO contents
~g

MgO does not act as a scattering center to

electron avalanche

Negative temperature
dependence

Local heat generation — \ Filamentary thermal breakdown ?

MgO reduce local heat generation

Increase of breakdown strength
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Conclusion

LDPE (and XI.PE) Nanocomposite with MgO nanofiller
* Space charge reduction at high fields

* Larger conduction current but reduction of local heat generation at

high fields

* Possibility of Filamentary thermal breakdown

Improve of local defects by nanofiller

Increase of Breakdown strength
Also for treeing breakdown and PD resistance




Improving epoxy materials with
nano-filler
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(a) Base epoxy resin (BER)
Hardener Fe 2V
rin(1+H4d/7))
¥ breakdown voltage
72 curvature radius (Spm)
d: gap length (3mm) N

Casting Epoxy resin (Non-fillers)
Epoxy >Mixing —> & —>
uring

(b) Nanocomposite (NC)

Nano-fillers Hardener

Specimen

-Nano-filler
l Casting

—— Mixing—> c & —»
uring

Epoxy l Mixing with
resin shear force

Specimen
(c) Conventional filled epoxy (CFE)

Micro-fillers Hardener
Casting

Epoy ¥, i o -
resin > Mixing *Mixing —* Cuﬁng —> Micro-filler
(d) Nano- and micro-filler mixture composite (NMMC)

Nano-fillers
Micro-fillers Hardener

¢ OO OO0
E ST S
N PSPy

Epoxy ,. Mixing with Mixin _.Cas&ting_. %
resin shear force > 9 Curing

Insulation breakdown strength (E) [kV/mm]

(10kV-1kHz)

Not breakdown =

| “Not breakdown

Insulation breakdown time (average) [min]

5cm

Fig. 9. Full-scale trial models molded by NMMCs, (a) Connecting conductor
molded by LS-10-NMMC, (b) Vacuum interrupter molded by the TiO-20-NMMC.




Silicone rubber with nano-filler ///(/4
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nanocomposite: polymeric material with filler particles having a size < 100 nm

interphase: area of the polymer, where the polymer is influenced by the particles (red)
= presumably properties of the interphase differ from the remaining polymer|

90%

filler particles
/ /interphase \
7 100%

Positive Charge ‘
80% ® ® Distribution + 7 +
(1) it
. Negative Charge
®

60% ; i
Distribution

1: The first layer with mutual tight binding: several nm
2: The second layer with deep traps: about 10 nm
3: The third layer with large local free volume
as 1on traps and shallow electronic traps: sewveral tens nm
4: Nano-particles: 20 to 50 nm 1n diameter
S: Interparticle distance (surface to surface): 40 to 100 nm
6: Debye shielding distance: up to about 100 nm
7: Possible overlapping of the third layers and charge @ails of nano-particles
8: Electrode facing accumulated charge tails ofnano-fillers
- . . 9: Charge carrier injection via Schottky emission at high electric field
mICfOCOIT]pOSITe na nOCOanOSIte 10: Collective charge tail effect will mo dify carnier mjection.

high interphase content = interphase can effect the properties of the whole material! Fig. 1 Multi-core Interfacial Model for Nanocomposites
Definition nanocomposite Multi-Core model
and mode of action




Results for the resistance to: (/114
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Arcing Tracking & erosion

resistance to high voltage arcing resistance to tracking and erosion
420 e 2500

360 | silica 1
_ 2000 1 A silica2
300 - s ;

150

weight loss in mg

2]
£
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LS
®

silica 1
A silica 2
f

10 15
filler content in wt. % filler content in wt. %




Results for the resistance to arcing (/14

resistance to high voltage arcing
420

360 -

300 -
240 -

180 +
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V
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©

A silica 2

10 15
filler content in wt. %
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Interphase Volume Model

interphase volume

0123456738910
filler content in wt. %

(particle diameter d = 30nm)




Resistance of tracking and erosion

Pernstaltic Pump

Ballast Resistor
Top Electrode

Contaminant

120W18 kv

Transformer Electrode Data

Acquisition

Voltage Channel

Current Channel

Testing equipment

Eroded volume (mm3)
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10% micre  30% miere  50% micro 5% nang 10% nano

Test results
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Koszonom a figyelmet!




