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ABSTRAKT

Tato bakaléska prace, kterd je reSerSniho charakteru, se aabysirotalcity, jeZ jsou
v poslednich letech intezigrzkoumany. Pouzivaji se nejen nidappavu nanokompoZit
ale i jako nosie organickych barviv nebo pomocné latkyatalytické polymeraci ethyle-
nu. V prvni¢asti je popsanaifprava, zejména srazeci metoda. Zatimco déakaise ¥nu-
je priprav modifikovanych hydrotalcit, které se ziskavaji v#nnou vnitni anionické
vrstvy za Sirokou Skalu aniénnag. anorganické a organické latkya@dem modifikace
hydrotalciti miZze byt jak dosazeni zvySené kompatibily s polymemafrici @i pripraw
nanokompozii, tak interkalace slaenin umodujici tvarow selektivni adsorpci nebo
katalyzu. Posledntast je zansfena na nanokompozity obsahujici hydrotalcity Zelédm

zlepSeni finalnich vlastnosti.

Kli¢ova slova:

Hydrotalcity , nanokompozity

ABSTRACT

This bachelor thesis is a literal study of LDH'shieh are intensively researched in recent
years. They are used not only for nanocompositpgpation but also as aorganic-dye
carries and catalyst-support system for ethylenlynperization. In first part the co-
precipitation method is described.Second partvetbel to preparation of modified LDH’s,
which are obtained by changing their anionic lagerwide variety of anions, organic or
anorganic. The reasons why LDH's are being modifgetb increase compatibility with
polymer matrix, implement compound for shape-salecabsorption or catalyst etc. Last

part is devoted to nanocomposites containing LObI'®crease their final properties.
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Layered double hydroxides, hydrotalcites, nanokasitps
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INTRODUCTION

Polymers are widely used materials in these dagause of their wide range of properties.
It is vital to find way how to improve their propies because polymer materials are used
in great amount and cost reduction is main goaé wssibility of the improvement which
emerged in recent years is preparation of nanocsitgsofrom common commercial poly-
mers. Nanocomposites are two-phased materials wiregeof these phases have a di-
mension in nanometer range (0,1-100). Exfoliated structure is an ideal state of namep
ticle dispergation. It means that nanoparticles @mpletly separated into individual
layers. Intercalated structure occurs when nanigpestdo not creates individual layers and

LDH keeps its galery spacing and crystalographi aipolymer between galeries.

When LDH is used to prepare nanocomposites, steiaifiobtained compopunds is in-
fluenced as by both weight percentage of LDH inatamposite and compatibily of LDH
with matrix. Compatibily of LDH with polymer matridepends on LDH modification. In
the area of polymer-layered double hydroxides namposites the main advantages of
these materials stem from the improved thermal girggs, and reduced flammability. Mo-

reover, the increased tensile properties are otitane
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1 STRUCTURE AND PREPARATION OF LDH'S

The basic structure is formed by layers of M(®M)ith a anionic interlayer. This forms a
hexagonal close packing of anions with total ocoggaf octahedral holes by cations eve-
ry two interlayers. The positive charge of the tayis balanced by anions located, together
with water molecules, in the interlayer region.Theiversal formula of LDH’s is
[M 1.,2"M,2*(OH2)I**. The nature of the layer cations can be changedwide range: main
group cations (M = Mg, Ca, Al, Ga or In) or traimit metal cations(M =V, Cr, Mn, Fe,
Co, Ni, Cu, Zn, Y) generally in the divalent ornvalent state.Also the molecular ratio of
metal cations can be modified. The interlayer amicen be very different: halides, oxoani-

ons, oxometalates, polyoxometalates, coordinationpounds, and organic anioi$

H 0
co2- 3
=&H,0 C03
H,0 : ,
co2- 2
_ =&H,0 CO3
H2 i 3
coZ- e
3 &0 €03

Fig. 1. Scheme of LDH's.(borrowed from [1])



TBU in Zlin, Faculty of Technology 10

1.1 Preparation of LDH's

Widely used method is co-precipitation. Most of thBH’s is prepared by using co-
precipiton method. When preparing LDH by this meththey can be modified directly

when they are prepared. This is why the preparatir@hmodification are difficult to differ.

1.1.1 Co-precipitation method
Example of preparation of Mg/Al LDH by co-precigitsn method

Aqueous solution of Mg(N&: « 6H-0 and Al(NQ)s « 9H-O was dropwisely added to a
basic solution of NaOH and B@O:at a constant pH of 10. The system was stirred for
hour to reach and keep homogenity of mixture. Tieeipitates formed were aged in their
mother liquor forl6 h at room temperature and fileared, washed with deionized water
until Nawas not detected in the filtrate, and dried fohl&t 120°C.A fraction of the hyd-
rocarbonate precursor prepared by co-precipitatiethod was milled in an agueous me-

dia. After milling, the sample was filtered, wastaadl dried [2].
Mg/Al LDH preparation as desribed by Jianxi Zhwak{1]

Mixed solution of aluminuim nitrate (Al(N£);-9H0, 0,25M) and magnesium nitra-
te(Mg(NO3)-6 H20,0,75M both nitrates were provided by Sigrtyyltd.,Australia) and
mixed solution of sodium hydroxide were placedeparated wessels and purged with N2
for 20 minute. Both solutions were dissolved inatbonated water. Cationic solution was
added to anionic by a peristaltic pump at 40ml/rRasulting precipitace was filtered and

cleared by decarbonated water, then dried for fays ah vakuum desicator.

1.1.2 Preparation of Ni/Ti LDH via urea method
Ni/Ti as described by W.H Zhang et al.[3]

Solution of TiCl in HCI at volume ratio 1:1, urea and Ni(R)&6H20 were added to dei-
nozed water under stirring. The obtained solutwas stirred fo 6h at refluxing condition.
Solution was filtered and filtration cake was wakh®y deinozed water and anhydrous

ethanol respectively. Washed filtration cake wasdifor aprox.12h at 60°C [3].
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1.1.3 Preparation of Zn/Al LDH in thin films

Zn/Al LDH in this films was prepared on the surfacgf anodic aluminia
oxide(AAO)membrane. The nanopores provide chanaets nano-sized wall edges for
supplying AF*. That means that LDH films can be grown very éfety on AAO mem-

brane.

Zn/Al LDH film was prepared by direct precipitationethod. 10ml of agqueous solution of
(Zn(NGs)2-6H,0 and hexamethyltetramine were added into a sawglevith AAO mem-
branes on the bottom. Vial was put to a preheatgembath for 1h and kept at 90°C.

The surface morphology of Zn/Al LDH film affects ttability. Unmodified film has low
wettability. To increase it, LDH film is calcinateBlig. 2[4]. shows shape of a water dro-
plet on basic Zn/Al and on a calcinated one. Fjg] 8how diferences in surface morpho-
logy of basic Zn/Al LDH and calcinated LDH

A B

Fig. 2.Water droplet shape on basic Zn/Al LDH (Ajlan a calcinated Zn/Al LDH (B)

(borrowed from[4])
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Zn-Al LDH over-layer

TSR TRl o E

Fig. 3. (A) — Zn/Al layer on AAO membrane, (Bu#ace morphology of basic Zn/Al
LDH film, (C) — surface morphology of calcinated ZnLDH film.(borrowed
from [4])
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2 OBJECTIVES OF THE BACHELORS THESIS

2.1 Modifications of LDH

Modifications of LDH are important when preparinglymer/LDH compounds due to in-
creased compatibility of modified LDH with polymeratrix. The point is to describe most

common methods of modification.

2.2 Using LDH in polymer system

LDH are used to prepare nanocomposites from compalgmers.The goal is to compare

properties of obtained compounds with unmodifieshismn polymers.
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3 MODIFICATIONS OF LDH'S

3.1 Tungstencobaltate(Co/W) anion-pillared Mg/Al LDH

Tungstencobaltate belongs to the group of polyoxtalaes. Polyoxometalates are inte-
resting group of compounds. The have definite arm shape. This make them very useful

for shape-selective adsorption and catalyst.

3.1.1 Synthesis of Co/Wanion pillared Mg/Al LDH
Descibed by Xiaocui Wei et al. [5]

Starting components were MgAI(NDLDH and Ks(CoW:,040)¢20H,0. Reaction was
carried out in a aqueous slurry of MgAI(NOThe Ks(CoW;2,040)*20H,0 was acidified in
N, atmosphere to pH 6.5 and the mixture of these coemis was kept under N2 atmo-
sphere for 10 hours at temperature of 95°C. Regu#blid was washed by boiloing water

and ethanol, then dried overnight at 70°C. The #ig} shows mechanism of reaction.

+ Kgl CoW ) 204p]
pH=6.5

Fig. 4. Mechanism of anionic exchange (borrowednf6])
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Magnetic measurement showed weak antiferromagnetéractions between magnetic
center. This could lead to preparation of molecuatagnets in a solid materials in a near
future [5].

3.2 Organo-modified Zn/Al LDH

Organo-modifed Zn/Al hydroxide was used as a supigoa nickele. diimine catalyst for
ethylene polymerization. Comparsion of PE prepdrgdupported and unsupported cata-
lyst is described further(3.1)

3.2.1 Preparation of organo-modified Zn/Al LDH

For preparation was used co-precipitation methadirét, 0,03 mol of sodium benzonate
was disperzed in 100ml of deionized water(solufipihen 0.03 mol Zn(N¢2-6H,0O and
0.01 mol AI(NG)-9H,0O were dissolved in another 100 ml deionized wgelution 2).
Solution 2 was added to solution 1 dropwisely. phkewas kept at value of 10 by adding
1mol/L NaOH. After complete addition of solutiont@ solution 1, the mixture was aged
for three day at 70°C in Natmosphere. The gained slurry was then filteretivaashed by
distilled water.White OZnAIl-LDH solid was obtainday drying in a vacuum oven at
60°C[6].

3.2.2 Preparation of supported catalyst system for ethylee polymerization.

10.0g of organo-modified Zn/Al LDH was put in a ggavesel with a magnetic stirrer.Then
50ml of the hexane was added. After that, 10ml i&tA(400g in 1L of heptane) was ad-
ded to mixture at 0°C at the system was stirre@Oio. Threated Zn/Al LDH was decanted,
washed with hexane and dried. To prepare the stgapoickela-diimine catalyst, 0.3 g

NiLBr, was dissolved in 10 ml dichloromethane and theseddo the suspension com-
posed of threated Zn/Al LDH and 30 ml hexane. Systeas stirred at room temperature
overnight. After decantation, the solid was washpdwith hexane and then dried under

vacuum. The supported catalyst was obtained ag, s@lilow particles[6].
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3.3 Dye-intercalated Zn/Al LDH

Organic dyes attracted much of atentition in widdfof industry such a plastic, inks, pa-
ints and electronics devices. Their advantagesam@ strenght, transparency and photo-
sensitivy. But they are limited by unstability unadmitdoor enviroment( temperature, oxy-
gen, daylight etc.) For practical use they musebeapsulated in support like polymers or
silicas. Zn/Al LDH can ,carry” dye anions interctdd in their layers. Result is a dye-LDH
hybrid pigment. This pigments have increased themtability and higher mechanical
strenght. But they have also low dispersion abilitgufficient for industrial use. In order

to improve its dispersion ability, the LDH was aadby colloidal nanosilica [7].

3.3.1 Preparation of dye-intercalated Zn/Al LDH
Described by Sung-Ho Hwang et al. [7]

LDH intercalation compouds were directly synthedibg hydrolysis of the mixed aqueous
solution of aluminium nitrate, zinc nitrate and glyEour different types of dies were used.
(acid red 1 (AR)—GgH33N3NaOgS,, acid yellow 3 (AY)—GsHgNN&a&OsS,, acid green 25
(AG)—CosH,ON,NaOsS,, acid blue 45 (AB1)—gHsNNaO1S,, AB 80 (AB2)—
Cs2H20 NoNapOsS;). The pH was kept at value of 7-8 by dropwise taolialiof 0,1M NaOH.
Whole systém was under,Mtmosphere. Dye/Zn/Al ratio was 5:3:1 in molar ieglent.

After 12h of aging, products were separated, wasinelddried.

In the silica-coating process, each LDH-dye hylvak dispersed in silica sol solution and
then the reaction mixtures were aged for 3 h. Tioelycts obtained were washed with

ethanol and dried under vacuum.

Intercalation of organic dyes have impact on bapaking of the LDH. Zn/Al LDH with
intercalated C& have basal spacing 7,8 A, dye-intercalated LDHeHzasal spacing 22.5,
24.2, 20.6, 18.7, 24.3 A for AR1, AY 3, AG 25, ARhd AB2 respectively. As we can see
on Fig. 6, LDH with intercalated G®have different morpholy then dye-intercalated LDH.
Morphology can be modified by reaction conditioshiape of the dye and synthesis
method[7]
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ARL-RT 15.8kV X

V X568 .8l GRRnm

F
15

.BkV X58.8K  688nm

Fig. 5.Morpholgy of AR1, AY 3, AG 25, AB1 and Ap@sdntercalated in LDH.(borrowed
from [7])

3.4 Dodecyl sulfate modified Zn/Al LDH

Wei Chen, Baojun Qu [12] prepared dodecyl sulfatedifred Zn/Al LDH (Zn/AIDS

LDH). It was prepared by a spontaneous self-asemiefynod. A 100 ml of aqueous solu-
tion containing Zn(N@)2*6H,O (0.03 mol), AI(NQ)3*9H,0O (0.01 mol), and 3g of sodium
dodecyl sulfate was prepared. pH of solution wastaged at value of 10. Obtained slur-

ry was aged at 70°C for 12h. Precipitate was éldesind dried.
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3.5 Surfactant/silane-modified Mg/Al LDH

Surfactant and surfactant/silane modified LDH an@artant for nanocomposite preparati-
on. They can be also used to remove anionic orgaoilatants in enviromental technolo-
gy.Both LDH’s were prepared by co-precipitation hogt and were modified directly du-

ring preparation.

3.5.1 Preparation of anionic surfactant modified LDH.
Preparation as described by Jianxi Zhu et al. [1]

Mg(NO3)2:6 HO and AI(NQ)3-9HO were dissolved in 100ml of deinoized wa-
ter(solution 1). NaOH and Na-dodecyl sulfate weissalved in 100ml of deinozed wa-
ter(solution 2). Solution 1 was added to solutioby2using peristaltic pump with stirring
and refluxing. The obtained mixture was stirred dproximately 20 hours. Obtained pro-

duct was washed with water and ethanol and thea dri

3.5.2 Preparation of anionic surfactants and silane modiéd LDH

Mg(NO3)2-6 HO, AI(NOs)3-9H,0 and phenyltrimethoxysilane were dissolved in 100
deinoized water (solution 1). NaOH and Na-dodecytase were dissolved in 100ml of

deinozed water(solution 2). The rest of the procedisame as 2.4.1[1]

As we can see on Fig. 6[1], each LDH have a diffestructure.

Fig. 6. Structure of Mg/Al LDH (A), anionic surfact modified LDH(B) and anionic sur-
factant and silane modified LDH (C) (borrowed frhh)
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4 LDH'S IN COMMON POLYMERS

LDH’s can be used to prepare nanocomposites fromnuam polymers ( PE, PS, PET
etc.) The result is improvement of properties, likermal stability, particle morphology,

incraesing of decomposition temperature, strengituius and many others.

4.1 Zn/AL LDH in PE

Zn/Al LDH was used as a support to a nickel a-duencatalyst for ethylene polymerizati-
on. Properties of PE produced by only a nickeliandie catalyst and PE produced by a

nickel a-diimine catalyst with a Zn/Al LDH were cpared.

The polyethylene material with LDH showed good naipgy, improved thermal stabili-

ty, as well as enhanced storage modulus and comjdeasity.

4.1.1 Preparation of PE by using supported catalyst syste.
Described by Fu-An He and Li-Ming Zhang [6]

250 ml glass reactor, equiped with stirring, wlsd by ethylene to presure 0,1MPa. 50ml
of heptane, cocatalyst (AlEZl) and required amount of supported catalyst sysiere
added to a reactor. The polymerization was conduabel then terminated by addition of
NaOH. Obtained products were filltered and washéth weionized water and ethanal,
then dried in vakuum for 24h at 60°C. PE was alepared by using unsupported catalyst

system to compare properties, the preparation wagucted under same conditions.

4.1.2 Properties of Zn/Al LDH modified PE

As we can see on the Fig.7.[6], the structure opRIpared in presence of the homogenous
nickel a-diimine catalyst is porous and less homogenouse@ms to be ,spongy-like®)
then a structure of PE prepared by using niekdlimine catalyst supported on OZnAl-
LDH, which is more smooth and reguldhese results shows that the used OZnAl-LDH

support has a great impact on the structural ctarstics of the PE [6].
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Fig. 7. SEM images of the polyethylene preparedtiénpresence of the homogeneous nic-
kel a-diimine catalyst and the nickel a-diimineadgst supported on OZnAl-LDH
[(®), (c) x5000; (b),(d) x10,000] (borrowed from [p

LDH in PE have also impact on thermal degradatitomogenous PE starts to degrade at
350°C and has almost no residues above 560°C. &tamd by supported catalyst degra-
des slower to 400°C and still has some residué@tC. At selected weight loss (30%
wt), the temperature of homogenous PE was 402°@Buprepared by supported catalyst
has temperature 463°C.

PE prepared by using supported nickediimine catalyst has a increased viscosity and
elastic modulus when compared to homogenous PEedsed viscosity in melt state can

be consider as a disadvantage when procesing REdiffarence between the viscoelastic
behaviours of two polyethylene products which whseoved, it may be attributed to the

fact that the intercalated or exfoliated ZnAl-LD&yers weakened the mobility of the poly-

ethylene chains and then restrict their long-rae¢gexation [6].
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OZnAJALDI-_I layer M
i 1 l' ll L ll L Polymerization L ﬁ?“‘rﬂ:"
[ =
L .

Nickel a-diimine catalyst
Polyethylens chain

| *—_Polyethylene particles resulted
) L / from the template action of the
Folymerization : =\ /
> \

exfoliated OZnAl-LDH layers.

Fig. 8. Formation process of the PE with a granutaorphology by the template action of
the exfoliated OZnAIl-LDH layers during the ethyl@aodéymerization. (borrowed
from [6])

4.2 Modified Mg/Al in PET

Three diferent PET nanocomposites were compareth eathem was prepared by using
diferently modified Mg/Al LDH (dodecylsulfate (MglRS), dodecylbenzenesulfonate
(Mg/AIDBS) octylsulfate(Mg/AlOS) and basic LDH (MBICO3)). Reason for using modi-

fied LDH's was to incease its compatibility with PEhatrix.

4.2.1 Preparation of MgAI/PET nanocomposite.
Described by Wan Duk Lee et al.[8].

Nanocomposite was prepared by using direct meltpoamding method. Twin co-rotating
screw extruder was used. The compounding was daotie under a barrel temperature of
270 °C, roll speed of 200 rpm, and average reseléne of 60 s. All materials were dried

in vacuum oven at 75 °C for 24 h.

4.2.2 Properties of MgAI/PET nanocomposite.

As we can see from following pictures (Fig. 9[&nd Fig. 10[8].), the Mg/AIDS shows

highest increment of yield strength and modulus
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Fig. 9. Yield strength of PET nanocomposite ddpenon filler content. (borrowed from

[8])
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Fig. 10. Modulus of PET nanocomposite dependinfjllen content. (borrowed from [8])

Mg/AIDS LDH have the highest compatibility with PEfatrix and therefor the increase of

yield strenght and modulus is best.

The properties of PET/LDH composites are highlyacted by weight percentage of LDH
in the PET. If more than 2wt.% of LDH are used, thenposite becames very brittle. The

reason why this happens is creation of LDH agregat®ET matrix. Thermal properties of

PET/LDH composites are nearly as same as the hamagePET, the influence is minor

[8].
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4.3 Zn/AILDH in PS

Homogenous PS and ZnAl LDH/PS nanocomposite wengpaced. Four samples with
diferent weight percentage (1, 5, 10, 30, ) of Livdre prepared. Weight percentage of
LDH have impact on the morphological structure #mefmal properties of the nanocom-

posite.

4.3.1 Preparation of ZnAl LDH/PS nanocomposite
Described by Peng Ding and Baojun Qu [9].

1.15g of N-lauroyl-glutamate(LG) and 1.00g of rxadecane were mixed in 12ml water at
temperature of 40°C and stired until a transpasehition was obtained (solution 1).Then
the solution 2 was prepared from Zn(j£6H,0 and AI(NQ)s , at concetrations of 0.500
mol/L and 0.167 mdL, respectively. Solution 3 is 15.3 ml of 1mol/L @H. Both solution

2 and solution 3 were added to solution 1 simubbasly, using peristaltic pump at
discharge rate of 2ml/min. pH of the solution wagtkat 9.5-10. Then the styrene at calcu-
lated amount was added. Finallys30g and NaSO; were added to initiate polymerizati-
on. The reaction was carried in oil bath at 80°Gtaihed ZnAIl/PS samples were precipita-
ted in methanol, filtered, and washed with alcoaotl water respectively, then dried at

80°C

Pure PS was also prepared to compare properties.

Styrene

E <«— surfactant

LD layer
Emulsion
droplet

N
)

pristione ZnAI—NO3

n—Hexadecane

Fig. 11. Schematics diagrams of the formation psscof the exfoliated PS/LDH nano-

composite.(borrowed from [9])
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4.3.2 Properties of ZnAl LDH/PS nanocomposites

At 1 wt.% the structure is exfoliated(see Fig. 2B,[the LDH with surfactans is homoge-
nously disperzed in PS matrix.

Fig. 12. Exfoliated LDH(dark parts) with LG surtaas(grey parts) in PS matrix (bright
part), 1wt.% of LDH. (borrowed from [9])

At the 30 wt% of LDH the stucture become intercadatas seen on Fig. 13[9].., but we cas
still find some exfoliated structure ( marked a%oyvthe picture)

Fig. 13. Intercalated structure of LDH in PS wit@ &t% of LDH. (borrowed from [9])
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ZnAI-LDH/PS composite with 10wt.% of Zn/Al LDH hadl LDH completely exfoliated.
When wt% increases over 10wt%, the structure clafigen exfoliated to intercalated

with some exfoliated parts.

Tab. 1 show influence of percentage of LDH to degosition temperature.The 50%

weight loss was set as a point of measure.

wt.of LDH | Decomposition temperatu-
(%) re
0 384
1 397
5 412
10 386
30 355

Tab. 1. Dependacy of decomposition temperature.&bwf Zn/Al LDH in PS

As seen of Fig. 14[9], ZnAl-LDH/PS nanocompsitatstéo degrade earlier then pure PS.

This is due to evaporation of physcally absorbetewa

a) pure PS
...... h':, 1%
--—-- ¢} 5%
s ) 10%
e a) 0%

% mass

T T T T T T T T
100 200 300 400 a00 0D

Temperature ("C)

Fig. 14. TGA curves of ZnAl-LDH/PS nanocompsitgsrrowed from [9])
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4.4 Mg/Al LDH in nylon-6

The nylon-6/MgAl LDH nanocomposite was preparedsit intercalation of nylon-6 into
the Mg/AIDS (dodecyl sulfate modified Mg/Al LDH).Véim compared to a common nylon-

6, nylon nanocomposite have greatly changed thepnoglerties and combustion characte-

rization.

4.4.1 Preparation of MgAI-LDH/Nylon-6 nanocomposite

MgAI-LDH/Nylon-6 nanocomposite samples were preddrg melt-mixing dodecyl sulfa-

te modified Mg/Al LDH powders with a nylon-6 usiagmixer with 64 rpm at 200°C [10].

4.4.2 Properties of MgAI-LDH/Nylon-6 hanocomposite

To compare properties of pure nylon-6 and MgAI-LBIilon-6 nanocomposite, three dif-
ferent samples were prepared.NC-5 with 5wt.%, NQvitB 10wt.% and NC-20 with
20wt%. MgAI-LDH/Nylon-6 nanocomposite have a loweass loss rate(MLR) then a
common nylon-6.Mass loss rate is lowering with @asing LDH loading. Fig. 15 [10]

show comparsion of pure nylon and MgAI-LDH/nylom&nhocomposites.

—=— nylon 6
0.25 - o G
1 e —— NC-10
L] F TRl ] s
7 020 - T —E NG
o f ]
E .
2 015 4
D
;s 1
w010 4
w
(]
1
© 0,05 -
[12]
= il
0.00 -
'UUE T T T T T J I
0 100 200 300 400 500
Time (s)

Fig. 15. Mass loss rate depending on time and wéigbf LDH (borrowed from [10])
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Next property that is affected by LDH is heat rekeaate(HRR). The dependency is similar
like MLR, HRR is decreasing with increasing LDH gfei percentage.

1200 -

—=— mylan 6
1 —— NC-5

1000 —— NC-10

] —o— NC-20
B00
“E ]
E 600
g:: ]
400 -
200

T T T
0 100 200 300 400 500
Time (s)

Fig. 16. Heat release rate depending on time angté€6 of LDH. (borrowed from [10])

The disadvantage of nylon-6/MgAl LDH compositehsrmal degradation at lower tempe-
rature. When 50% weight loss was set as a poinbwiparsion, the decomposition tempe-
ratures were 447.8, 428.1, 413.1, and 420.7 °@doe nylon 6, NC-5, NC-10, and NC-20

samples respectively.

NC-10 sample have a exfoliated structure. Fig.XJ] fhow LDH as a dark layers, bright

parts are nylon-6 matrix.

Fig. 17. TEM image of NC-10 sample. (borrowed f{@67)

NC-20 sample have a intercalated structure. At F§l0] arrows shows intercalated

LDH(dark parts). Bright part is nylon-6 matrix.
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100 nm

“ ‘ ” 2
—=

Fig. 18. TEM image of NC-20 sample. (borrowed f{@67)

4.5 LDH/Epoxy nanocomposites

To prepare LDH/epoxy nanocomoposite, organo-matiifieH was used by Huai-Bin
Hsueh and Chuh-Yung Chen[11]. Modification of LDdniecessary to provide compatibi-
lity between LDH and epoxy

4.5.1 Preparation of LDH’s — amino laurate (LDH’s-Al)

LDH’s-AL was prepared by co-precitation method.8g@f NaOH was dissolved in 200ml
of deionized water, then 4.3g of amino lauric agas added to solved NaOH. Then 5.12¢g
of magnesium nitrate and 3.75g of aluminium nitnaeze dissolved in 50ml of deoinized
water. The nitrate solution was added dropwiselyhi stirred amino lauric acid/NaOH
solution at room temperature and the pH valuesmaistaned at value of 10 by adding of
1 M of NaOH solution. When all solution was addedxture was kept at 80°C fo 16h.
Then the slurry was filtered and washed by deoinzagr five times. Obtained LDH's-Al
was dried at 70°C under N2 atmosphere[11].

To prepared exfoliated LDH/epoxy composite, LDH vadsled into the epoxy (Epon 828),
obtained mixture was strried at 55°C for 3h. Tharring agent(Jeffamine D400)was ad-
ded to mixture and further mixed for 2h at room penature. After that, the mixture was
put under vakuum and cured via thermal scheduleC7tor 3 h and 135 °C for an additi-

onal 3 h). Mechanism of preparation is describetbbbgwing Fig. 19[11].
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H.-B. Hsueh, C.-Y. Chen/ Polymer 44 (0000) 5275-5283

mmmm : LDHs nanolayer
1"3 : amino laurate
"\~ . DGEBA (EPON 828)

=——— :diamine curing agent { Jeffamine D400}

Fig. 19. Mechanism of epoxy/LDH nanocomposti prapan. (borrowed from [11])

4.5.2 Properties of Epoxy/LDH nanocomposite

Organo modified process increases galery rangedaetwanolayers and improves interfa-
cila properties between anorganic and organic ghagsch allows the epoxy molecules to
difusse into gallery to gain exfoliated LDH/epoxgnocomposite. It also provides hydro-
phobic enviroment in LDH intergallery so the amigmup of intercalated amino laurate
can react with epoxy groups and generate adhegitwebn LDH’s nanolayers and epoxy

molecules. Compatible and exfoliated nanocompdsitdtained.

As a result of the compatibilty of the nanocompmsihe tensile strenght of the nanocom-
posites is superior to pristine epoxy. As we canfsem Fig. 20, the tensile strenght incre-

ases with increasing percentage of LDH in nanocaitg$l1l].
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Fig. 20. Tensile strenght in dependacy at LDH kont@orrowed from [11])

The tensile streght increment is the highest betvpeistine epoxy and 1% of LDH in

LDH/Epoxy nanocomposite, further additon of LDH kapproximately constant incre-

ment of tensile strenght.

Thermal properties are improved when LDH/Epoxy ramaposite is compared to pristine

epoxy. Following Fig. 21 shows thermal stabilitlddH/Epoxy nanocomposite.

100 — —
wl] T S
‘::.' 5% weight loss
80 - "
|
70 - '\
1". — Owi% LDHs
— %07 i --—---- 1 wi% LDHs
£ ] L 3 wi% LDHs
E X ——-- Ew1% LDHs
T 3 <= -~ 7 wi% LDHs
=
30 -
m_
:- :"--:.'_"--
10 - el Ty
u ¥ L 1 1
brai i 300 |00 SO0 aoa b ilil

Temperature (FC)

Fig. 21. Thermal stability of LDH’s/Epoxy nanocamsjies. (borrowed from [11])
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At 5% weight loss set as comparsion point, the camposite with 7% of LDH degrades
23°C above pristine epoxy. Enhanced thermal stgligliattributable to fact that LDH na-
nolayers restrict thermal movement of epoxy molesulDH nanolayers also works as gas

barier and prevent out-diffusion of volatile gasnfr decomposed products.

4.6 Poly(methyl acrylate)/ZnAl LDH nanocomposite

Wei Chen, Baojun Qu [12] prepared poly(methyl aatg)(PMA)/ZnAl LDH nanocom-
posite by adding 60ml of methyl acrylate and 3.@gdodecylsulfate modified Zn/Al
LDH(ZnAIDS LDH) into three-necked round-bottle with magnetic stirrer. The mixture
was stirred under Natmosphere for 1h at 70°C. Then 0.3g of AIBN(agsiobutyronitrile)
was added to start polymerization. When the satutiecame thick enough to prevent the
deposition of LDH, the mixture was cooled quicklyrboom temperature and poured into a
mould 5x5x2 cm The plate was placed in an ove®&CE for 24 h, then at 100 °CC for 2
h, resulting in a homogenous opaque solid blocPMA/ZNAIDS LDH nanocomposite.

For comparsion, pure PMA was prepared by same mdetho

4.6.1 Properties of Poly(methyl acrylate)/ZnAl LDH nanocanposite

Structure of PMA/ZnAl LDH nanocomposite is inter@i@d with exfoliated parts, as seen

on Fig. 22[12].The arrow shows exfoliated parts.

30nm

388 ! 438 tdgetiee

Fig. 22. TEM image of PMA/ZnAl LDH nanocomposditerfowed from [12])
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Due to the intercalation of PMA chains into theentdyers of ZnAIDS LDH, the particles
of Zn/AIDS and PMA have strong interaction, whidkes the PMA/ZnAIDS LDH nan-
composite enhanced mechanical properties[12]. &s @ Tab. 2 [12], the increase of

tensile strenght is significant.

Samole Tensile
P stenght(MPa)
Pure PMA 0,5

PMA/ZnAIDS
LDH nanocom- 3,8

posite

Tab. 2. Tensile strenght of pure PMA and PMA/ZnAID3H nancomposite(borrowed
from [12])

Thermal properties are also enhanced. MeasurddPatndeight loss by TGA method, the
temperature of PMA/ZnAIDS LDH nancomposite in 1#fiGher then a temperature of
pure PMA. In the temperature range from 150 to 85MA/ZnAIDS LDH nancomposi-

te have more residues then a pure PMS. Above 38®%° @sidues are nearly same.
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CONCLUSION

LDH are very perspective materials. There is afatptions how to modify LDH. A huge
variety of anions can by inserted between LDH lay&o, options how to use LDH are
very rich. Using them as a molecular magnets iola snaterials is a demonstration of
their capabilities. Other way how to use LDH igtepare nanocomposites using common
commercial polymers as a matrix and LDH as a ndanfPreparation of these nhanocom-
posites is simple and improvement of propertie®isarkable. Most of the nanocomposi-
tes show improvement in thermal stability and gjhkénimproved thermal stability means
that LDH nanocomposites can be used as heat-naésisterials. Increased strenght allows
to use thinner walls when constructing products enafdpolymers/LDH nanocomposites
and thus lower price of products. For example,itersgrenght increasion of LDH/Epoxy
nanocomposite compared to pure epoxy is very sogmf(see Fig. 20.). Also the increasi-
on of tensile streght in PMA/ZnAl LDH nanocompositeremarkable.(see Tab. 2.). In
other common polymers the increasion of strengbpgnties and thermal stability is not so

significant and can be influenced by measuremeaot.er

In field of LDH’'s/common polymer nanocompositesstfll great area for research. Thats
the reason why is dificult to compare results ofH.8polymers research from one scien-
tist team to results of another research. To confesults of compared polymers the fur-

ther research is necessary
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LIST OF SYMBOLS AND ABBREVATION

AAO...Anodic aluminia oxide
AIBN...azobisisobutyronitrile

HRR...Heat release rate

LDH...Layered double hydroxide
MLR...Mass loss rate

PE...Polyethylene

PET...Polyethylene terephatalate
PMA...Poly(metyl acrylate)
PS...Polystyrene

TEM...Transmission electron microscopy

TGA...thermogravimetric analysis
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