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NANOMATERIALY

INTELIGENTN{ (SMART) MATERIALY

KOMPOZITNI MATERIALY (1+1>>2)

o

1935 Carothers DuPont

?1 NYLON

Doba bronzova

zelezna

KERAMIKA

mezolit, neolit
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Plenty of Room at the Bottom
Richard P. Feynman
December 1959

Priumérna velikost ¢astice :
-vyroba cihel cca 5 mm
-vyroba dlazdic....cca 0,2-0,5 mm
-vyroba porcelanu.... cca 50 um

-vyroba tech. keramiky...<l pm




Mohou se jily uplatinovat v.modernich konstrukcnich
materialech a dokonee v nanomaterialech ?

ANO!!!
DesitKky jilovych mineralu aplikovanych v nanomaterialech
*Prirodni Ci syntetické

*Musi jit snadno dispegovat (delaminovat) na castice, z nichz
jeden rozmér je v rozmezi 1 ~ 100 nm

sUplatnuji se zejména v nanokompozitech typu polymer — jil

*Zde polymer vytvari matrici a jil vyztuz

Idealnim mineralem je montmorillonit (MMT) - mineral
pritomny v bentonitickych jilech




Bentonit a montmorillonit

Si0, 50,0 - 57,0 %

CaO 1,7-3,1 %

P205 0,1%

ALO; 15,7- 17,3 %

K,00,3-1,2%

Obsah montmorillonitu 65 - 80%

Fe, 05 8,8 - 17,0 %

FeO 0,1 - 1,0 %

H,0 5,3-63%

Na,0 0,1 - 0,4 %

TiO, 3,8 - 6,3 %

MnO 0,1 - 0,3 %

MgO 2.5 - 3,5 %

L0 0,1 %

Analyza bentonitu Obrnice




STAVEBNICTVI

*Vyuziti bentonitovych suspenzi pro injektaze
*Utésnéni objektu pri vnitinim prisaku vody

Samoopraveni mechanického poskozeni

H,0

bentonit

Bentonit- bezpetné o rovnomerné uzavieny v geosynieticka
ifovd matrac f

Budovani podzemnich stén
*Vyuziti bentonitovych past pro tésnici ucely

nosnE yrehey




SLEVARENSTVI

V PSP Slévarné a.s., Prerov pouzivaji zde 3 typy formovagich
smesi:

pojen¢ jilovymi pojivy (bentonity) - odlitky do hmotnosti 500 kg

s vodnim sklem vytvrzované CO, - odlitky az'do hmotnosti 18 - 20 t

s organickymi pojivy vytvrzované CO, - odlitky,pro velkou naro¢nost
na kvalitu povrchu




InZzenyrska geoelogie, geologicky pruzkum

Kompozice .pro vrtn¢ ‘\vyplachy tamponaze jsou komplexni smési
obsahujici fadu mineralnich 1 chemickych latek, a to v zavislosti na
geologickych a fyzikdlnich podminkdchy v oblasti/ vrtu. Mezi
mineralni prisady patii vedle bentonitu napt.\palygorskit ¢1 sepiolit,
ktere /ve vodé tez dispergujyi za vzniku koloidnich suspenzi a pfi
nizSich koncentraci mineralu se chovaji jako tixotropni gely. Hlavni
ulohou téchto slozek je zvySeni viskozity vyplachu a vytvoreni tenké
neprostupné vrstvy na sténach vrtu, zabranujici iniku vrtné kapaliny
do okoli nebo naopak pronikani soli do ni. To ma vyznam pro udrZeni
tixotropnich vlastnosti vypachu, protoze vysoky obsah soli snizuje
viskozitu suspenzi bentonitu a vede k jeho usazovani. Koagulaci
bentonitu lze v takovém piipad¢ zabranit prisadou dispergatort.




Chemicky a gumarensky prumysl, vyroba plastu

Aplikace riznych typu bentoniti v organicke syntéze piindsi Casto vysoke
vytéZky /produkti pifi vysoké stereoselektivité. "‘Bentonity katalyzovaly napf.
esterifikact kyseliny L-vinné\ methylalkoholem. VytéZek byl obecné velmi
vysoky, pficemzZ bez bentonitického katalyzatoru za‘danych podminek reakce
neprobihala .

Estenfication of L-tartamic acid with MeOH (1 : 2.5 molar ratio) in presance
of toluene wsing varons metal-exchamzed mormonlonite clay catabysts
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We have found that unreactive and insoluble polymenc
iodosobenzene [PhlO], induced aqueous benzylic C—H
oxidation to effectively give arylketones, in the presence of
KBr and montmorillonite-K 10 (M-K10) clay. Water-soluble
and reactive species 1 having the unique I{III)—Br bond, in
situ generated from [PhlO], and KBr, was considered to be
the key radical initiator during the reactions.

[PRIC,

|-H _ catKBr
Ar” TR H,0

Toshifumi Dohi,” N:

J. Org. Chem. 2008, 73, T365-T368




Solidifikace odpadu a ukladani radioaktivnich
odpadu

MULTIBARIEROVY PRINCIP

Technologicka bariéra

Geotechnické bariéry

Kontejner




Bentonit jako stelivo - sorbent pro kocCky a ostatni domaci zvirata

Jakkoliv se tato oblast vyuziti bentonitl muze zdat malo
vyznamnd, z hlediska odbytu bentonitické drt¢ a zisku
vyrobce je opakipravdou.

Bentonit se pouziva jako hygienicka podestylka zeymeéna
pro kocky. Funkce bentonitu je zde dvoji :

(sorbent exkrementii a pachu )

, kdy se ‘exkrementem znehodnoceny
bentonitovy sorbent sbali a'je ho mozZzno z ostatniho
Cistého bentonitu lehce sebrat a odstranit. Podestylka tak
zlstava stale Cista.

Vyhodou bentonitoveho steliva od obdobnych sorpCnich systémi na bazi
hrubozrnné¢ kiemeliny (diatomitu) a zeolitu je pravé sbalny ucinek dany
plastickymi vlastnostmi bentonitu. To u neplastického diatomitu a zeolitu
mozné neni a uplatiiuyje se tedy pouze sorpcni sila materidlu.




Bentonit v environmentalnich technologiich — Cisténi odpadnich vod

Bentonity jsou v této oblasti aplikovany jiz dlouhou dobu a vyuZiva se zejména :
*Sorpcni schopnosti bentonitii (vysokd hodnota me€rného povrchu)
eJontovyménné kapacity jilu

*Vysoke dispergovatelnosti jilu (koloidnich vlastnosti) a

*Vysok¢ mérné hmotnosti bentonitu (az 2 200 kg.m=; funkce zatézkavadla).

BENTONIT BA - 03

ZISTICI SCHOPNOST

VLASTNOSTI HODNOTY

Koagulace vodné disperze-akrylatt
BAO3

() KERAMOST a.s.




Modelova tada Cistiren odpadnich vod AKTIBENT
SD




CARBONLESS COPY PAPER
/ microencapsulated dye precursor

reakce laktonu krystalove violeti v kyselém prostiedi



Struktura montmorillonitu

(:] Al Fa, Mg, Li
. OH
. 0

Li, Ma, Rb, Ca

Zdroj : Dubois, Alexandre 2000)

Struktura montmorillonitu: tloustka cca 1nm, >200 - 300nm laterarni vzdalenost u ¢astice




Kationty.vmezivrstvi MMT

o /Fr M r

Mezivrstvi je nejdulezitéjsi cast struktury nanojilu!!

Kationty mohou bvt anorganické .,
y Y 8 Naptiklad kvarterni amoniové

1 organické .
. kationty

Vysledny-modifikovany MMT je jizjiny, napt. jiz se rozpousti v nepolarnich rozpoustédlech
18




Pojmy interkalace a exfoliace u MMT

Zdroj : Ogawa et. al: Clay Sci 8, 31 (1990)
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Chemickymi apravami mezivrstvi MMT muzeme ,,ridit* jeho Sirku
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Princip pripravy mikro~a nanokompoziti typu jil - polymer

Layered silicate Polymer

(a)
Phase separated Intercalated Exfoliated
(microcomposite) (nanocomposite) (nanocomposite)

well-defined spatial distributed throughout
relationship to each other the organic matrix




qaypartice  PYINCIP pPripravy nanokompozitu typu jil - polymer

“Modification and intercalation

.

¢ " 2 v I‘F
Planomers® Mo ot

Cilem je vytvorit :
a) Kompatibilitu mezi jilem a polymerem
b) Dosahnou minimalné¢ interkalace

polymeru, Iépe vSak uplné delaminace
vrstev




Z.akladni princip kompatibilizace slozek jil — (ko)polymer

*Polymerizace in Situ (prvni pouzita metoda, napi. pro PA6/MMT)
*Polymerizace v roztoku (napt. pro epoxidové nanopryskyftice, polyimidy)

*Roztazeni mezivrstvi je samoziejmosti




Z.akladni princip kompatibilizace slozek jil — (ko)polymer

Metoda I1I

Clay Nanocomposites - general concept

block copolymer

- Q)

clay compatible matrix compatible
clay layers block o2

S ——

exfoliated clay layers

*Tavna polymerizace (neyjmladsi metoda)
«Casto pro nanokompozity na bazi polyolefin/MMT

*Obtizna kompatibilizace, na olefin ,,se roubuje ““ napt. maleinanhydrid a jil se
upravuje napf‘. chlorsttanem

*K roztazeni-mezivrstvi-se pouziva napt. dioktadecyldimethylamoniovy kation




Analytika morfologie vzniklého kompozitu - TEM
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NANOKOMPOZIT

TEM photographs of epoxy/clay nanocomposites with raw clay (5wt%).
The clay is highly exfoliated and dispersed in the matrix uniformly.




Analytika morfologie vzniklého kompozitu - XRD

Delaminated

"M

Intensity

1.5 nm

immiscible 1.1 nm

intercalated

I I
1.0 3.0 5.0

26 {ﬁeg]

Figure 4:Typical XRD patterns from polymer/layered silicates:
{a) PE + organoclay — no formation of a nanocomposite.
{b) PS + organoclay — intercalated nanocomposite.

(c) Siloxane + organoclay — delaminated nanocomposite.

Zdroj : Plastics Additives & Compounding October 2002




Vliv pritomnosti nanejilu v materialech

«Zlepsen¢ mechanicke vlastnosti

«ZvysSena tepelna stabilita

«ZvySena odolnost proti hofeni

«ZvySena bariéra proti propustnosti plyni

«/vySena otéruvzdornost

«ZvySend chemicka odolnost

*SniZeni zbytkoveého napéti v materialu a jeho smrSténi
«Zménéne¢ elektronické a opticke vlastnosti

ZlepsSeni reologickych vlastnosti




Aplikacenanojilu

Konkurenti tradicnich kompozitu s vldknovou ¢i Casticovou vyztuzi
(atitomobily, Casti stroji,...)

& Nizka propustnost pro plyny a vodni paru spojena s dobrymi optickymi

vlastnostmi (vhodny obalovy materidl)

ZlepSena tepelna stabilita a zvySena hodnota tepelné deformace (vyuziti
tam, kde je tfeba zvySena tepelnd’odolnost)

ZlepSena biodegradabililita (materialy s lepsi biodegradabilitou)

Samozhaslivy charakter (ndhrada chemickych retardérti hoteni)




Dily pro automobilovy priumysl

TOYOTA 1993 : sériova vyroba tepeln¢

odolného krytu rozvodoveho femene
Zlepseni nasledujicich parametrii oproti stavajicimu kompozitu
(se sklenénymi vlakny):
*40% vys§i pevnost v tahu

*0 60% vySsi pevnost v ohybu

«ZvysSeni hodnoty tepelné deformace z 65°C (nylon) na 152°C

GM 2004 : aplikace nanokompozitu s PP pro
vyrobu bocni dverni liSty

Vyhody:

*Vyssi tuhost

«Uspory hmotnosti materialu

«ZlepSena kvalita povrchu

*Snadnéjstrecyklovatelnost




245 tonnes / year

for nanocomposites

Polypropylene side body
mouldings reinforced with
montmorillonite




Mechanickévlastnosti — vliv mnozstvi pridaného jilu
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o konkurenc¢nich materialu

Material

Tensile
strength
(MPa)

Impact
strength

(kJ/m?2)

NCH-5

107

2,8

Srovnani nékterych-mechanickych vlastnosti

1

Nanokompozit

NCC-5 61 2,2

1

Mikrokompozit

PA 6 69 2,3

]

Polyamid 6

Comparison between PA 6 (without clay),
NCC-5 (conventional PA/clay composite) and
NCH-5 (nanocomposite)

Zdroj: Jakubowicz 1. ;. AGS Annual Meeting, 2004




- Mechanické vlastnosti -
rozdil mezi polymerem ananokompozitem

Nylon & — Monmorillonite 4% wt

Property Nanocomposite Nylon 6

Tensile Modulus |I=F'1|

Heat Distorsion 145 65
Temperaturs (*C)

Impact Strength (kJ/m?) 2.3
Water Adsorption (%)

Coefficient Thermal 6.3 x10° 13 x 105




Snizeni pruniku-vodni pary a plynu

Lima oo ooy badc of WITERE Do fETRe T amd I o O o POy TR

Originalni polymer  Nanokompozit s MMT

Nanokompozity typu MMT/jil jsou Casto transparentni




Aplikace nanojilirv kompozitnich foliich

ortuous

Vlivinanojilu na prinik plynu

Zdroj: firemni materialy firmy
NANOCOR Inc., USA
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Aplikace nanejilu IMPERM 103 v PET

Bottle Shelf Life

“ Imperm 103
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Zdroj: firemni materialy firmy
NANOCOR Inc., USA




Cil : zvySeni doby.stability (prodejnosti) potravin

Increased shelf-life

Top 3: beer

meat
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soft drinks




Horlavost
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Worldwide Consmption (2001) of Flame Retardants by type

Antimony
Oxides Other
B Alumina
Trihydrate

M Brominated

Organo-

B Chlorinated phosphorous

Zdroj: Green Chemistry and the Producer: Flame Retardants




Horlavost= testy

Figure 2. Schematic of the three layers sampled from partially decomposed
nanocomposites.

Zdroj: Kashiwagi T. et
al.: Polymer 45(2004),
881

PAG6/Clay(2%) PA6/Clay(5%)




Planocolors — aplikace nanojilu v oblasti barviv

Zdroj: TNO Nizozemi, firemni literatura




Zvyseni stability vuci oxidaci a UV — stability organického
materialu'v dusledkwbariérového efektu exfoliovanych castic jilu

Methylénova modi v PE : doba Methylénova modf v nanokompozitu
MMT/PE : doba UV-iradiace 176 hod.

UV-iradiace 176 hod.

Zdroj: TNO Nizozemi, firemni literatura




Biodegradace polylaktidu aruznych nanokompozitu s MMT

after 32 days after 50 days after 60 days

Flg. 12, Photograp

Verlag GmbH.

Zdroj: Zeng Q. et al.: J. Nanosci. Nanotech. 5, 1574 (2005)




PlanoStarch®

Suroviny : Skrob + modifikator + jil

CHiH [H0H

Lu

|._.rJ

uww

H |_.H

Hydrofilni smés dvou polymerti.  Slouceniny s kompatibilnimi

Termoplasticky Skrob se skldda z  ¢astmi k jilu 1 Skrobu: Hydrofilni koloid jilu
cca 33% plastifikatoru (voda, chitosan, kationicky Skrob,

glycerin, sorbitol) aminododekanova kyselina

Zdroj: TNO Nizozemi, firemni literatura




Efficient and Facile Ar—5i Bond Cleavage by
Montmorillonite KSF: Synthetic and Mechanistic

Aspects of Solvent-Free Protodesilylation Studied
by Solution and Solid-State MAS NMR

Yoss1 Zafram * Eytan Gershonov, and Ishay Columbus

[ 4 E i . LA - I ] .. [ |!I = -- 'II. . - |!I . ] E
Department of Organic Chemistry, Israel Institute for Biologica
Research, Ness-Ziona 74100, Lrael
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ABSTRACT: Polylactide (PLA) is viewed as a potential
material to replace synthetic plastics (e.g, poly{ethylene
terephthalate) (PET)) in food packaging, and there have
been a number of developments in this direction. However, for O
PLA to be competitive in more demanding uses such as the v -
packaging of oxygen-sensitive foods, the oxygen permeability ¥

coefficient (OP) needs to be reduced by a factor of ~10. To

achieve this, a layer-by-layer (Lhl) approach was used to  Multilayer MMT/ichitosan coated DD _@.. T
assemble alternating layers of montmorillonite clay and PLA film Increasing MMTichitosan layers
chitosan on extruded PLA film surfaces. When 70 bilayers

were applied, the OP was reduced by 99 and 96%, respectively, at 20 and 50% RH. These are, to our knowledge, the best
improvements in oxygen barrier properties ever reported for a PLA/clay-based film. The process of assembling such multilayer
structures was characterized using a quartz crystal microbalance with dissipation monitoring. Transmission electron microscopy
revealed a well-ordered laminar structure in the deposited multilayer coatings, and light transmittance results demonstrated the

high optical clarity of the coated PLA films.

v 20%AH
® 50%RH
80%RH

e

Angesuwuad-Sn Burseassen

Scheme 1. Schematic of the Lbl Deposition Process and a
Simplified Out-of-Scale Image of the Resulting Multilayer
MMT/Chitosan Structure Deposited on the PLA Films®

s = S e

e W e e

MMT/chitosan layers
an PLA film

Rinse and dry
Lbl coating

—
- F \
-

m 1
e -l-\l

b Rlnse_wuh -4 Nanoclay
Mar deicnized particles
water

Chitasan solution MMT suspension

“Drying was only employed once per deposition cyde.

Bemroramoladiles 2012, 13, 397405




Mechanical Properties of the Sodium Montmorillonite Interlayer
Intercalated with Amino Acids

Figure 2. Clay—amino acid model before minimization. ) N ) ) R
Figure 3. Clay—amino acid model after minimization.

-

Biomacromolecules 2005, 6, 3276—3282




Silk Fibroin/Montmorillonite

g ! lll':'I'I.'d[F'L'F]'J SF-MMTN B
¥ interaction o

4

aF-MMTA

pl=38-39

Biomacromolecules, Vol. 11, No. 7, 2010




Structure and Physical Properties of Starch/Poly Vinyl Alcohol/Sodium
Montmorillonite Nanocomposite Films

Fully exfoliated structure

Partially exfoliated structure

. Agric. Food Chem. 2011, 59, 12384-123%95

100 nm
HV=100kY

Direct Wag: 130000x

Figure 3. TEM scans fornanocomposites with (a) 5%, (b) 10%, and (c)
209 Na"MMT.




Hydrophobic Amines
' Preparation of Protein—Silicate Hybrids from Polyamine Intercalation
e o of Layered Montmorillonite

HCH-(OCH,CH),-NH,

n=33 (M, = 2000; POP-D2000)

Hydrophilic Amine
nceptual Ilustration of BSA Intercalation into Na™-MMT (Via the Direct Method and POP2000 or
M, H, H, J00-Enlarged  Spacing Methods). and the Acidified MMT but at Different pH Conditions
HINiH{'.‘H1-|l']i[—lf.‘H3|u-[(]CHECH1}|r-|{}CHI "H|.-NH,

ate = 5, b= 395 (M, = 2000; POE-D2000}

Figure 1. Chemical structures of hydrophobic poly{oxypropvlene)
and hydrophilic poly{oxyethylene)-diamines.

H 4
r“’;‘ F:; o uncompressed form

#TI8A

BSA inpH T, 49C

compressed fonm

Langmuir 2007, 23, 1995—1000



Molecular Simulation of Carbon Dioxide Capture by Montmorillonite
Using an Accurate and Flexible Force Field

“

00000 0.0.0.0.0.0@
.l‘i ﬁ““ _“l
f‘?b-##@r ’?" ,O: ’Of 1

Amuanu m

Figure 4. Snapshot of an equilibrated molecular dynamics simulation
of sodium montmorillonite showing the Na* and water molecules in
the interlayer; projection view is along the b-axis.

L Phys. Chemo € 2012, 116, 1307513091

Figure 7. Equilibrated supercell structure of CO,—montmorillonite
model from molecular dynamics simulation using NPT ensemble at
310 K and 20 MPa. Projection view is along the b-axis.



Reakce v mezivrstvi

Synthesis and Characterization of Palladium Crystallites
Intercalated in Montmorillonite

MM-2Na® + [Pd(L),,(L"),)[BF,]), —~ [PA(L), (L), F*" + CH,OH — P’ + CH,=0 + 2H" +
MM-[Pd(L), (L"),]** + 2NaBF, (1) (4 - o)L +xL (2)

Figure 1. Tranamission electron micrograph of 1. Folding of the clay lavers i through ca. 80®) at the clay particle edge is apparent.




Palladium Crystallites Mmtercalated in Montmorillonite Chem. Mater., Vol. § No. I, 1983 107

Figure 2. Transmission electron micrograph of 1. Clearly visible is the elongated forem of the palladium particle and the distortion
of the surrounding clay layers.
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Diky za pozgrnost!!




