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CHAPTER |

INTRODUCTION

1.1 Background

Thailand is one of the largest producer of naturaber (NR). However, most
of the produced natural rubber is exported (90% pasrubber while the rest is used
to produce rubber products for exporting and ughiwithe country. NR has many
attractive properties including low cost, low hystas, high resilience, excellent
dynamic propertiesetc. (Teh, Mohd Ishak, Hashim, Karger-Kocsis, and dkhi
2004). The major use of NR product is in tire irtdpsTo increase the value added
products of natural rubber, the manufacturers ne@tproved performance of rubber
products.

Typically, performance of a NR product depends lenright combination of
rubbers with rubber chemicals and a reinforcinigifisystem. Reinforcing fillers are
used in rubber compounding mainly to improve medarproperties of the final
product.

A typical reinforcing filler for rubber compound ¢arbon black which causes
pollution and gives a rubber a black color. A ligbtor filler commonly used in some
rubber applications is silica. In addition, claydeed silicate is another type of filler
that is increasingly used in rubber applications.

Clay minerals consist of layers made up of twoatetdrally coordinated
silicon atoms fused to an edge-shared octahedraétsbf either aluminum or

magnesium hydroxide. The layer thickness is ardumdn, the lateral dimensions of



these layers are varied from 30 nm to several mg@ larger, and surface area is
around 700-800 fry depending on the particular layered silicateef&hdre and
Dubois, 2000; Zeng, Yu, Lu, and Paul, 2005).

In general, dispersion of clay particles in a ptast a rubber matrix could
possibly form three types of composites: convemtionoomposites, intercalated
nanocomposites and exfoliated nanocomposites deperah types of clay and
preparation conditions. Both intercalated and eafet nanocomposites offer some
special physical and mechanical properties with loading of clay compared with
the conventional composites due to the large seirfaea and the high aspect ratio of
clay (Alexandre and Dubois, 2000).

One of the drawbacks of using the clay mineral &#iea for a rubber is the
incompatibility between hydrophilic clay and hydhmbic polymer, which often
causes agglomeration of the clay in the polymer rimatTherefore, surface
modification of the clay is an important parameteachieve polymer nanocomposite.
Such modified clays are commonly called organoc{@gsnget al., 2005).

Normally, the modification of clay surface can bend via ion exchange of
the interlayer cations of clay with those of orgasurfactants. lon exchange reactions
depend on types of organic surfactant and the rc&txahange capacity (CEC) of the
clay. The CEC of clay is very important factor fmoducing nanocomposite because
it determines the amount of surfactants, whichlmamtercalated between the silicate
layers (Ray and Okamoto, 2003). Organic surfactantsnally used to modify clay
are alkyl amine surfactants. The length of alkydiohand the number of alkyl tails on

the surfactant molecules directly affect ion exdeareaction.



Another way to improve interaction between clay &Rl is to adjust matrix
polarity since clay and organoclay can be mordyedspersed in polar matrix phase
than in non-polar matrix phase. NR with the substh of epoxide groups along the
NR backbonei.e. epoxidized natural rubber (ENR), has higher ptlartompared to
NR. Blending NR with ENR should be beneficial whesmpounding the modified
NR matrix with polar fillers, such as layered slies. In addition, ENR shows
excellent oil resistance, less air permeability,odjodamping and wet grip
performance. Therefore, blending NR with ENR coatljust the polarity of matrix
phase leading to the improvement of clay dispersmthe nanocomposite and the

enhancement of mechanical properties of the nanposite.

1.2 Research objectives

The aims of this research are as follows:

() To determine effect of surfactant type on natbal properties and cure
characteristics of NR nanocomposites.

(i) To determine effect of surfactant content mechanical properties and
cure characteristics of NR nanocomposites.

(iif) To determine effect of matrix polarity on ntemical properties and cure

characteristics of NR nanocomposites.



1.3 Scope and limitation of the study

Sodium-montmorillonite  (NaMMT) was surface treated with either
octadecylamine (ODA) or tetradecyltrimethyl ammanilbromide (TDMA-Br) or
octadecyltrimethyl ammonium bromide (ODTMA-Br) sactants. The amounts of
added surfactants correspond to surfactant to GE€ of 0.5, 1 and 2.

The natural rubber used was STR5L. The epoxidizddral rubber with 50
mol% of epoxide groups (ENR50) was blended with téRadjust polarity of NR
matrix. The blends ratios of NR/ENR was 100/0, 6040D/60 and 0/100 by weight.

NR/organoclay nanocomposites were prepared usimgoaroll mill and a
compression molding machine, respectively. A cotigeal sulfur vulcanization
system was used in this study.

The structures of clay, organoclay and clay in &8/ nanocomposites were
analyzed by an X-ray diffraction spectrometer (XRDhe dispersion of clay in
NR/clay nanocomposites were determined by a tressam electron microscope
(TEM). Functional groups of the surfactant on oxgday surface were identified by a
Fourier transform infrared spectrometer (FTIR). Thieermal decomposition
temperature and weight loss of clay and organoclsre determined by a
thermogravimetric analyzer (TGA). Cure charactessof NR/clay nanocomposies
were determined using a moving die rheometer (MORE mechanical properties of
NR/clay nanocomposites were investigated by a wsaldesting machine. Hardness
was measured by using an international rubber leasdrdegrees tester (IRHD).
Crosslink density of NR/organoclay nanocomposites determined on the basis of

rapid solvent-swelling measurements.



CHAPTER I

LITERATURE REVIEW

Polymer/clay nanocomposites have become an impoai@a of studies in
academic, government and industrial laboratorigses€ types of materials were
firstly reported as early as 1950. However, attergion these nanocomposites were
widespread after Toyota researchers have introdirteccalatece-caprolactam/clay
nanocomposites (Wang Shaohui, Zhang Yong, Peng lidongnd Zhang Yinxi,
2005). Numerous other researchers later used dmisept for nanocomposites based
on unsaturated polyester, poly-daprolactone), poly (ethylene oxide), polystyrene,

polyimide, rubberetc.

2.1 Clay (Montmorillonite)

Clay minerals are hydrous aluminum silicates ared ganerally classified as
layered silicates. The layered silicates of clag generated by a combination of
silicon tetrahedral sheet and aluminium octahesitekts. Such minerals include both
natural clays and synthetic clays (Tjong, 2006;dZetral., 2005).

The layer silicates can be classified using sevaspkcts as shown in Table
2.1. The commonly used layered silicates for theparation of nanocomposites
belong to the smectite family with the structurengisting of aluminium octahedral
sheet sandwiched in between two silicon tetrahedihalets as called 2:1 layered

silicates (Zengt al., 2005).



Table 2.1Clay mineral used for polymer nanocomposites (Ztmaty, 2005)

Type of clay Group Formula Origin Substitution Layer charge
2:1type MMT M x(Al 2xMy) SizO10(OH)2.nH,O N Octahedral Negative
Hectorite M(M@3-xLix)SiaO10(OH)2.nHO N Octahedral Negative
Saponite MMgs(SisxAlx) O19(OH)2.nHO N Tetrahedral Negative
Fluorohectorite M(Mg3«Lix)SizO10F2.nHO S Octahedral Negative
Laponite M(Mg3.xLi x)Si4O10(OH)2.nH,O S Octahedral Negative
Fluromica (Somasif) NaMgSizO10F2 S Octahedral Negative
1:1type Kaolinite Al,Si;O5(0H)4 N - Neutral
Halloysite AbSi,O5(0OH),.2H,0 N - Neutral
Laye;i?dsilicic Kanemite NaSi;0g.5H,0 N/S Tetrahedral Negative
Makatite NaHSiOs. 7H,O N/S Tetrahedral Negative
Octasilicate Ng5ig017.9H,0 S Tetrahedral Negative
Magadiite NaSi14029.10H,0 N/S Tetrahedral Negative
Kenvaite NaSi»004.10H0 S Tetrahedral Negative

M indicates exchangeable ions represented by wadeat ions. Symbols : N(nature) and S(synthetic)




The most commonly used 2:1 layered silicates feparation of polymer/clay
nanocomposites is montmorillonite (MMT). As shownFigure 2.1, montmorillonite
clay (MMT) consists of layers made up of two te@dtally coordinated silicon atoms
fused to an edge-shared octahedral sheet of alin@inum or magnesium hydroxide.
The layer thickness is around 1 nm, and the latdiraknsions of these layers may
vary from 30 nm to several microns or larger, del@m on types of layered silicate.

Characteristics of layered clays which can be agplin nanocomposite
preparation are: 1) the ability of layered claysdisperse as separated layers with a
thickness of about 1 nm and 2) the ability of thesy csurface to be modified with

organic and inorganic cations.

2.2 Nanocomposite structure

In recent year, researchers have been workingr@awascale of reinforcement
by incorporating a fine dispersion of clay silicdsgers in the polymer matrix to
obtain polymer nanocomposites. Nanoscale layeragscldue to their high aspect
ratio and high strength, can play an important riolforming effective polymer
nanocomposites.

In general, dispersion of clay particles in a padynmatrix could possibly
form three types of composites depending on typetag and preparation conditions:
(a) conventional composites (b) intercalated namgmusites and (c) exfoliated

nanocomposites, as shown in Figure 2.2.
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Figure 2.1 Structure of clay minerals represented by montioorte. They are built
up from combinations of tetrahedral and octahedha&ets whose basic
units are usually Si—O tetrahedron and Al-O octatredrespectively

(Alexandre and Dubois, 2000).



In a conventional composite (Figure 2.2 (a)), thexeno intercalation of
polymer into the intergallery of nanoparticles wheay nanolayers are mixed with
the polymer. Intercalated nanocomposites (FiguPe(R)) are formed when a single
(and sometimes more than one) extended polymen d¢hantercalated between the
clay galleries resulting in a well ordered multyda morphology built up with
alternating polymeric and inorganic layers. Whea #ilicate layers are completely
and uniformly dispersed in a continuous polymerriraexfoliated nanocomposites
(Figure 2.2 (c)) are obtained. Exfoliated nanocosies show greater phase
homogeneity than intercalated nanocomposites. Heaufolayer in an exfoliated
nanocomposite contributes fully to interfacial natetions with the matrix. Both
intercalated and exfoliated nanocomposites offemesospecial physical and
mechanical properties compared to the conventi@oahposites (Alexandre and

Dubois, 2000).

& 1

Layered silicate Polymer

b

H\

Ty —
(b) (c)

Figure 2.2 Scheme of different structures of polymer/clay ow@mposites:
(a) conventional microcomposite, (b) intercalateshacomposite and

(c) exfoliated nanocomposite (Alexandre and Dulb2@§0).
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2.3 Organically modified clay

One of the drawbacks of using clays as a filler & polymer is the
incompatibility between hydrophilic clay and hydhgbic polymer, which often
causes agglomeration of clay mineral in the polymmatrix. Therefore, surface
modification of clay mineral is an important pardereneeded to be considered to
achieve polymer nanocomposite. Such modified claye commonly called
organoclays. Normally, the modification of clayfaae can be done via ion exchange
of the inorganic cations with those of organic aatdnts. The methods frequently
used to modify clay is exchanging the interlayarganic cation (Naor C&") with

organic ammonium cations as shown in Figure 2.3.

NaZ+RNH," < Na* + RNH,Z

Figure 2.3A reaction to prepare an organoc{@ansant and Peeters, 1978).

From the Figure 2.3, NaZ is montmorillonite witta'Nas interlayer cations
and R is the alkyl chain of the acidified primargiae surfactant. After modification,
the surface of the clay becomes organophilic.

lon exchange reactions depend on the cation exeheaggacity (CEC) of the
clay. The CEC of clay is very important factor fooducing nanocomposite because
it determines the amount of surfactants, whichlmamtercalated between the silicate
layers.

Organic surfactants normally used to modify claycluding primary,
secondary, tertiary and quaternary alkylammoniurtiooa are water soluble. So,

most cation exchange reactions are performed ine@gu suspensions.
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Alkylammonium cations in the organosilicates lowthe surface energy of the
inorganic host and improve the wetting ability beéw the organoclay and the
polymer matrix, resulting in a larger interlayeasmg of the organoclays. The length
of alkyl chain and the number of alkyl tails on gefactant molecules directly affect
ion exchange reaction (Tjong, 2006).

Under most conditions, a wide range of the molecalaangement of the
surfactant used depends on the cation exchangeitaf@EC) of the layer silicate
(packing density of the chains), and the chain tleraf organic tail. Increasing the
CEC of clay or chain length of the surfactant iny@®the ordering of the chains. The
arrangement of alkylammonium ions in layered siésaare shown in Figure 2.4.

R o b e s
e

=

() (b)

ot ]

s

(©) (d)

Figure 2.4 Arrangements of alkylammonium ions in layeredcailes with different
layer charges. (a) lateral monolayer, (b) laterkyber, (c) paraffin-type

monolayer and (d) paraffin-type bilayer (Tjong, 8D0
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Based on XRD analysis, Lagaly (1981) had proposeius arrangements of
alkyl chains in organoclays which detected by thierlayer spacing of organoclay.
Depending on the alkyl ammonium packing density #redchain length, the carbon
chain can be arranged in the MMT layers and forgidter monolayers or bilayers or
pseudotrimolecular layers or paraffin complexes.

Vaia et al. (1994) studied primary amine and quaternary animorcations
inside the interlayer space by using FTIR spectpgc They had proposed
conformations of alkyl chains as a function of CB@monium head group and chain
length by monitoring frequency shifted of the Lhtretching £2920 cm') and
scissoring £2850 cm') vibrations. Band of CH stretching shifted from lower
frequencies, characteristic of order@tttrans conformations, to higher frequencies,

characteristic of highly disordergduche conformations, as shown in Figure 2.5.

(b)

Figure 2.5 Different chain arrangements leading to the sanerlayer spacing:
(a) tilted, all-trans chains and (b) chains with numerogguche
conformers. Open circles)(represent Ckhisegments while cationic head

groups are represented by filled circle} (Vaiaet al., 1994).
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Arroyo, Lopez-Manchado, and Herrero (2003) modifigdMT clay with
octadecylamine (ODA). The result showed that iafert spacing of modified MMT
was higher than that of unmodified MMT. To confitimle appearance of adsorbed
surfactant in clay layer, FTIR was used to invedBghe intercalated surfactant. The
organoclay presented a peak at 2918 and 285batfributed to the C-H asymmetric
and symmetric stretching vibrations of ODA surfattaespectively.

Magaraphan R., Thaijaroen W., and Lim-ochakun RO8& modified surface
of MMT clay using primary amine (dodecylamine, éetecylamine, hexadecylamine,
octadecylamine) and quaternary ammonium surfact@etsadecyltrimethyl ammonium
bormide, octadecyltrimethyl ammonium chloride). &tecylamine modified clay
showed the highest interlayer spacing. The resdltated that the long alkyl chain of
amine surfactants played an important role in thpaasion of clay layers. The
interlayer spacing of quaternary amine modified Mias lower than that of primary
amine modified MMT. This suggested that the bulkgef the modifying agent
retarded the ion exchange process.

Wibulswas R. (2004) modified MMT clay using quagmyammonium cation
(QACs),i.e. hexadecyltrimethyl ammonium (HDTMA), tetradeagitethyl ammonium
(TDMA), benzyldimethylhexadecyl ammonium (BDHDMAhG tetramethyl ammonium
(TMA). The contents of QACs were varied and equaaalto 0.5, 1 and 2 times CEC
of MMT. BDHDMA modified MMT showed the highest intayer spacing. With
increasing QACs content from 1 CEC to 2 CEC, ailgmBcant increase in interlayer
spacing of clays was observed. This suggestedtlieatation exchange mechanism
may be dominant for the intercalation of the QACGHween the interlayer of the

clays.
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Xi, Ding, He, and Forst (2004) studied the struetaf organoclay which has
been intercalated with a long-chain organic susfi@ic{octadecyltrimethylammonium
bromide (ODTMA)). The contents of ODTMA were variadd equivalent to 0.2, 0.4,
0.6, 0.8, 1.0, 1.5, 2.0, 3.0 and 4.0 times clay CHt& result showed that the content
of ODTMA at 4.0 times clay CEC gave the highesteilatyer spacing of the
organoclay. The researcher had proposed that stalcarrangement of ODTMA
within the layer of modified MMT was dependent oDTMA content. At ODTMA
content of 0.2 to 0.4 times clay CEC, the arranggnoé ODTMA molecules was a
lateral monolayer. With increasing ODTMA conterdrfr 0.6 to 0.8 times clay CEC,
the arrangement of ODTMA molecules became a lateitaler. Additionally, the
arrangement of ODTMA molecules was pseudotrimokecwhen the added ODTMA
content was between 1.5 to 4.0 times clay CEC. BT KA-Br content of 1.0 times
clay CEC, the arrangement of ODTMA was betweenybilaand pseudotrimolecular
layer structure. Nevertheless, they studied therntae decomposition of the
organoclays by using thermogravimatric analysisAT.(d'he thermal decomposition
of the organoclays took place in four steps. Thst fmass loss step, due to water
evaporation was observed at room temperature. Eloend mass loss step was
observed over the temperature range 87.0 to 135aBRC attributed to a loss of
surfactant. The third mass loss step occurred @69 to 384.5°C assigned to a loss
of surfactant. The fourth mass loss step was astrib the loss of OH units through
dehydroxylation over the temperature range 5564585.

Marras, Tsimpliaraki, Zuburtikudis, and Panayiot@007) studied clay
surface by modifying with hexadecylammnium catiétD@). The contents of HDA

were varied between to 0.15 to 3.0 times clay CH@ey found that the interlayer
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spacing was gradually increased with increasingusrnof HDA. The decomposition
of HDA took place at temperature between 200-508€.the content of HDA
increase, new peak was observed at lower temperadand attributed to the
decomposition of the adsorbed surfactant at thereat surfaces of clay.

Heinz, Vaia, Krishnamoorti, and Farmer (2007) sddthe structure and
dynamics of alkylammonium surfactant of differemhraonium head groups and
different chain length on clay surface using molacwynamic simulation and
compared to the experimental data. They foundghatary amine head group (NH
can form hydrogen bonds (N-H---O-Si) to the clayrface while quaternary
ammonium head group (N(GH) form flexibly hydrogen bonded (H---O) with clay
surface. The interlayer spacing increased witheasing alkyl chain length. The
monolayer was observed when clay was modified witmary amine of 10 carbon
atoms or less or quaternary amine of 8 carbon atémsddition, the surfactant
alignment was changed to bilayer structure witlraasing alkyl chain length to 22

carbon atoms for primary amine or to 20 carbon atanquaternary amine.

2.4  Polymer/clay nanocomposites

Zhang and Loo (2008) studied amorphous polyamideA)@rganoclay
nanocomposites at various organoclay content prepdy melt intercalation. Clay
surface was prepared by using quaternary ammoniurfactants with phenyl
(dimethyl benzyl hydrogenated tallow ammonium cicdley 10AMMT) and hydroxyl
(methyl tallow bis-2-hydroxyethyl ammonium chlorjiBMMT) groups. The result
showed that organoclays containing phenyl or hygrgroups were compatible with

the chemical groups in aPA resulted in a well-aateld clay morphology and strong
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interfacial adhesion between the clay surface aaulixn Tensile tests showed that the
addition of organoclay caused a dramatic increas&aung’s modulus and vyield
strength of the nanocomposites compared with thendpolymer. The aPA
nanocomposites exhibited ductile behavior up tot% wf organoclay. Nevertheless,
the mechanical properties.d., Young's modulus and yield stress) of nanocontpesi
from 10AMMT were slightly better than those fromBMT. Since 10AMMT
contained hydrophobic phenyl ring, the interfa@dhesion between 10AMMT and
matrix was better than that of 30BMMT and matrixth&dugh the hydroxyl groups in
30BMMT help to improve polymer—surfactant interaos through hydrogen-bond
formation, they can also serve to weaken polymajyHciteractions.

Marras, Tsimpliaraki, Zuburtikudis, and Panayio(@009) studied effect of
the modification degree of MMT on structure, thermad mechanical properties of
poly (L-lactic acid) (PLLA)/organoclay nanocompesit Clay surface was modified
by hexadecylammonium cation (HDA) with a concemratranging from 0.3 to 3
times clay CEC. XRD analysis showed that propeas#pn of the clay layers was
achieved and the inorganic cations in the interlagpacing were completely
exchanged by alkylammonium cations. However, higloant of surfactant molecule
may restrict penetration of polymer chains intoydiayer. The optimal interactions
between the organoclay and the PLLA matrix candigeaed at surfactant loading of
1.5 times clay CEC. This led to the best comprorh&teveen thermal and mechanical
properties of the PLLA/organoclay nanocompositelse Tensile properties of the
nanocomposites increased with increasing surfactaments. In addition, an increase
in HDA content improved the miscibility between mvatand the orgnaolcay leading

to an enhancement the ductility and stiffness & tlanocomposites. At high
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surfactant content, some of the excess surfactached from the organoclay to the
polymer and acted as stress concentrators resuftiagdramatic deterioration of the
mechanical properties of the material. Moreover ATi®sults revealed that the low
content of surfactant improved thermal stabilitydanncreased the initial

decomposition temperature of the polymer.

2.5 Rubber/clay nanocomposites

A rubber has been considered an ideal matrix &ronomposites. The high
molecular weight of rubber is beneficial with respt shearing, which facilitates the
peeling apart of the clay layers. Numerous othegaechers later used this concept for
nanocomposites based on polybutadiene rubber (BBjene-butadiene rubber
(SBR), isobutylene-isoprene rubber (IIR), ethyl@nepylene-diene rubber (EPDM),
epoxydized natural rubber (ENR) and natural ruljN&).

2.5.1 Synthetic rubber

Wanget al. (2005) prepared BR/clay nanocomposites by melingix
Clay surface was modified by dimethyldi hydrogenttkow ammonium chloride
(DDAC). The results showed that the organoclay ekes®d the cure time and scorch
time of BR nanocomposites. The tensile strengtbngdtion at break, and tear
strength of the BR/organoclay were greatly improwedccomparison with those of
gum BR and BR/clay nanocomposites. Kim M-S., KimAD; Chowdhury S. R.,
and Kim G-H. (2006) prepared BR nanocomposites amoing two types of
organoclay,i.e. cloisite 15A and Cloisite 20A. Both organoclay revgorepared by
modifying clay surface with different contents oiméthyldi hydrogenated tallow

guaternary ammonium;e. 125 and 95 meq/100g clay. The result showed twal g
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dispersion of organoclay in BR. The tensile and sd@ngths of the BR/Cloisite 20A
were 4.4 times and 2 times higher than those ofgilma BR, respectively. The
rebound resilience, compression set, and abrasiesistance of the BR
nanocomposites were also improved by the additioorganoclay. This was due to
the good dispersion of organoclay in BR matrix. B nanocomposite with 3 phr
organoclay showed higher torque values and tordfterehce than gum BR. Scorch
time and cure time of the BR nanocomposites weduaed drastically when
organoclays were incorporated into BR. This indidathat the organoclay acted as
accelerators of BR vulcanization. Wan Chaoying, @@vei, Zhang Yinxi, and Zhang
Yong (2008) prepared BR/clay composites by meltimgxmethod. Clay surface were
modified by two different types of surfactantsge. octadecylamine (primary
ammonium cation (P-OMMT)) and dimethyl dihydrogeketallow ammonium chloride
(quaternary ammonium cation (Q-OMMT)). Both BR/P-0W and BR/Q-OMMT
nanocomposites showed intercalated structure. ifbdisated homogeneous swelling
of organoclays with no reaggregation of the layefbe tensile strength and
elongation at break of BR/Q-OMMT nanocompositesememhanced compared with
those of the gum BR. This was due to the well-a@dentercalated clay layers
oriented under the tensile stress and the alignmieBR chains absorbed on the clay
layers. The tear strength, modulus at 100% eloogatnd hardness of BR/Q-OMMT
was the highest among those of the nanocomposites.

Zhang Ligun, Wang Yizhong, Wang Yiqing, Sui YuamdaYu
Dingsheng (2000) studied SBR/clay nanocomposit&R $ianocomposites were
prepared by mixing the SBR latex with clay/watespdirsion and coagulated the

mixture. Carbon black and silica were used asréillm SBR matrix, in order to
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compare to the properties of SBR/clay nanocomositke SBR/clay nanocomposites
showed aggregated structure. The tensile strenfgBB&/clay nanocomposites was
the highest among those of the SBR compositesth&limechanical properties of the
nanocomposites with lower content of clay reacied¢vel of the SBR/carbon black
composite. Wang, Zhang, Tang, and Yu (2000) preb&®R/clay nanocomposites
using two different methods.e. latex and solution methods. The tensile streagth
tear strength of SBR/clay nanocomposites prepam@n fatex method were better
than those of SBR/clay nanocomposites prepared solution method. Compared
with the solution methods, the latex method wasenwmnvenient and became widely
used to prepare rubber/clay nanocomposites. SaathuiBaowmick (2003) prepared
nanoclays with different alkyl chain lengths offagtants base on RMMT in SBR
nanocomposites by solution method. Clay surface ification was done using
organic amines of various alkyl chain lengths, declylamine (DA), dodecylamine
(DD), hexadecylamine (HD) and octadecylamine (O)e interlayer spacing of
Na'-MMT/DD was the highest among all organoclays. TB8R/organoclay
nanocomposites showed the exfoliated structure. Thasile strength of
SBR/N&-MMT/OC nanocomposite was the highest among alSBR/organoclay
nanocomposites. This indicated the better intevactibetween SBR and
Na'-MMT/OC.

Liang Y., Wang Y., Wu Y., Lu Y., Zhang H., and Zlgah. (2005)
prepared lIR/clay nanocomposites using solution aralt intercalation methods.
lIR/clay nanocomposites prepared from both methstiewed exfoliated and
intercalated structures. The aspect ratio of clayers in the IIR/organoclay

nanocoposite prepared from solution method was efarthan that in the
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lIR/organoclay nanocomposite. In addition, the mamoposites prepared from
solution method gave better tensile strength arsl lggarier properties than those
prepared from melt intercalation.

Gatos and Karger-Kocsis (2005) studied effect oimary and
guaternary amine surfactants on disperstion of fie@diMMT in EPDM matrix of
various polarities. The EPDM nanocomposites with @@ of organoclay were
prepared using melt compounding method. Clay serfa@as modified using
octadecylamine (MMT-PRIM) and octadecyltrimethylasmi(MMT-QUAT). In order
to adjust the polarity of EPDM, EPDM-g-MA was addedthe EPDM at a weight
ratio of 50/50. In EPDM/MMT-PRIM nanocomposite,e@ntalated, deintercalated and
exfoliated structures were generated. On the contranly exfoliated and
deintercalated structures were obtained in EPDMMIMT-PRIM nanocomposites.
Both EPDM and EPDM-MA filled MMT-QUAT nanocompos#ehowed intercalted
structures. The tensile strength of EPDM-MA/MMT-RRIwas increased with
increasing organoclay content, whereas a deteiooraif tensile strength of the
EPDM-MA/MMT-QUAT occurred at high organoclay contenThe 10 phr of
organoclay loading appeared to be an optimum comerenhancing tensile strength
of the EPDM-MA nanocomposites. Increasing the piylasf the EPDM supported
the intercalation/exfoliation of organoclay irresppee to the type of surfactant
(PRIM, QUAT).

Rajasekar R., Pal K., Heinrich G., Das A., ancs a K. (2009)
studied the incorporation of ENR/organoclay nangoosites (EC) as compatibilizer
in NBR matrix in order to improve the propertiesNBR/organoclay composites. The

morphology, cure characteristics and mechanicgbgntees of NBR nanocomposites
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were investigated. They found an intercalated sirecof organoclay in ENR.
Incorporation of 5 phr of EC in NBR matrix, exfdka structure of organoclay in
NBR matrix was observed. However, upon increasi@gdentent to 10 phr led to
intercalated/exfoliated dispersion of organoclayNiBR. NBR/5EC and NBR/10EC
showed faster scorch time, cure time and increasaaximum torque compared to
gum NBR. The mechanical properties of NBR/EC warkamced due to the better
dispersion of orgnaoclay in the NBR matrix and tbber-filler interaction. In
addition, SEM micrograph showed the increase irghoess of of EC filled NBR
matrix compared to gum NBR. This may be due toiticeesase in effective network
chains from the high reinforcing efficiency of theganoclay in the NBR matrix.

2.5.2 Natural rubber

Arroyo, Lopez-Manchado, and Herrero (2003) prepaidd/clay

nanocomposite by melt compounding method. ProgedieNR filled with 10 phr of
clay or orgnaoclay (octadecylamine modified montitiwnite; MMT-ODA) were
compared with those of NR filled with 10 phr and $0r of carbon black.
NR/MMT-ODA nanocomposite showed exfoliated struetufhe interlayer spacing
of NR/MMT-ODA was higher than that of NR compositéke vulcanization rate and
torque value of NR nanocomposites were sensiblydrithan those of NR filled with
40 phr of carbon black. The mechanical propertfd$® nanocomposites with 10 phr
of MMT-ODA were comparable to those of NR compositéh 40 phr of carbon
black. Moreover, addition of organoclay drasticailiyproved the strength of NR

nanocomposites while reduced the elasticity ointlagerial.
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Magaraphan R.et al. (2003) prepared organoclay by using primary
amine and quaternary amine. The NR nanocomposies prepared by dissolving in
toluene at various contents of organoclay. Thead@pn of the organoclay in the NR
nanocomposites showed exfoliated structure wheanmgjay content was below 10
phr. However, partially exfoliated structure wasetved with adding more than 10
phr of organoclay. Moreover, addition of long alkylain of primary amine modified
clays helped improved mechanical properties ofNlRe nanocomposites more than
addition of quaternary ammonium modified clays. Thwwing properties of NR
nanocomposites were also improved. NR nanocomosii 7 phr of organoclay
showed the highest mechanical properties compartd NR/silica and NR/carbon
black composites of equal content of the filler.

Varghese and Karger-Kocsis (2004) prepared NR/ctayposites by
melt compounding with sulfur curing. Clay surfacgere modified using primary
amine (MMT-ODA) and quaternary amine (MMT-TMDA). &horganoclay content
was 10 phr. The dispersions of clay in NR nanocasites were partly exfoliated,
partly intercalated and partly reaggregated strestuThe interlayer spacing of
NR/MMT-ODA nanocomposite was higher than that of /MRIT-TMDA
nanocomposite. Adding MMT-ODA and MMT-TMDA gave NRanocomposites
with better mechanical properties and faster cucmgpared to those NR composites
prepared from pristine layered silicates and silica

Teh et al. (2004) prepared NR/organoclay nanocomposites bit m
compounding method. ENR25 (25 mol% epoxidation) d&MNR50 (50 mol%
epoxidation) were used as compatibilizers. Clayfasgr was modified using

octadecyltrimethylamine (MMT-ODTMA). The organoclegntent was fixed at 2 phr
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while ENR content was variedge. 5 or 10 phr. NR/MMT-ODTMA showed mostly
intercalated structure of the organoclay. The lospersion of organoclay in NR
nanocomposites was achieved by adding ENR50. Tassdue to the incorporation of
ENR5O in NR facilitates the penetration of both ewnlles in between the silicate
layers. The tensile strength and tear strength hif ENR50 compatibilized
NR/organoclay nanocomposites were better than thb&NR25 compatibilized and
uncompatibilized NR/organoclay nanocomposites. Twias because the epoxy
groups of ENR50 promoted the interaction betweendtganoclay and NR matrix
leading to strong interfacial adhesion between imatrd organoclay.

Arroyo, Lopez-Manchado, Valentin, and CarreteroO(@20 prepared
NR nanocomposites by melt mixing. The nanocompesitere prepared by blending
NR with ENR25 (25 mol% epoxidition) and ENR50 (5®@If% epoxidation). Clay
surfaces were modified using dimethyldi hydrogedatallow (MMT-2M2HT)
and methyl tallow bis-2-hydroxyl quaternary ammoniu(MMT-MT2EtOH).
NR/organoclay nanocomposite blended with ENR shoesddliated structure. This
was due to the polarity of ENR, which favoured ithiercalation of rubber molecules
into the clay layers, and the dispersion of theanaglay in the matrix. The interaction
between NR and organoclay was improved due to tlogl glispersion of organoclay
in the NR matrix. NR/ENR50 blends filled with MMTM2HT gave the highest
mechanical properties among all of NR nanocompasite

Varghese, Karger-Kocsis, and Gatos (2003) prepaeR/clay
nanocomposites by melt compounding method. Theht®fclay (sodium bentonite
and sodium fluorohectorite) and oganoclays (MMTe)agere used. Octadecylamine

(MMT-ODA) and quaternary amine (MMT-MTH) were ustximodify clay surface.
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Both ENR/MMT-ODA and ENR/MMT-MTH nanocomposites sted an
intercalated structure. Among ENR composites, ENRIVODA nanocomposite
showed the fastest scorch time and cure time. @hslé strength and tear strength of
ENR/MMT-ODA were higher than those of ENR/MMT-MTHENR/sodium
bentonite and ENR/sodium flourohectorite composifesis was due to the good

dispersion of MMT-ODA in ENR nanocomposite.



CHAPTER Il

EXPERIMENTAL

3.1 Materials

Natural rubber (STR 5L) was purchased from Thai IRogober Public Co.,
Ltd. Epoxidized natural rubber (ENR50) was purcdaBem Muang Mai Guthrie
Public Co., Ltd. Sodium montmorillonite clay (N®MT) with cation exchange
capacity (CEC) value of 80 meq/100g was suppliedThwai Nippon Co., Ltd.
Octadecylamine (ODA: CHCH,):sNH,) was purchased from Acros. Tetradecyl
trimethyl ammonium bromide (TDMA-Br: [CHCH.)13](CHz)sNBr) and octadecyl
trimethyl ammonium bromide (ODTMA-Br: [CHCH.):7](CH3)sNBr) surfactants
were purchased from Fluka and Aldrich, respectiv€lgemical structures of these

surfactants are shown in Figure 3.1.

NH,
(a) (b)

Figure 3.1 Chemical structures of (a) ODA (b) TDMA-Br and @PTMA-Br.
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3.2 Experimental

3.2.1 Preparation of organoclays
100 g of MMT waglispersed in 2000 ml of hot water (70°C) with
continuous stirring. Added surfactant content wasied and calculated using

equation (3.1) based on CEC of MMT (Umpush J. anbl¥$was R., 2006).

Weightof surfactan{g) = n x CEC(%JJ XA (g)xB (miolj (3.1)

where A is weight of clay (g), B is molecular weigl surfactant (g/mol).

ODA and conc. hydrochloric acid were dissolvedl®00 ml of hot
deionized water, with vigorous stirring. Then thBAsolution was poured into the
hot clay-water dispersion and vigorously stirredZdours. After that, the suspension
was washed several times with hot deionized waté?Q) until water conductivity
was below 1QuS. The modified clay, called organoclay, was vacdilmated, dried
at 70°C in an oven and ground for further uses. ddrgents of ODA added were
equivalent to 0.5, 1 and 2 times CEC of the MMT, the ODA modified clays were
called MMT-ODAO0.5, MMT-ODA1 and MMT-ODAZ2, respectly.

TDMA-Br was dissolved into 3000 ml of hot watertlicontinuous
stirring. Then, 100 g of MMT was added to the TMIBA-solution. The suspension
was stirred vigorously for 2 hours. After that thespension was washed several times
with deionized water until water conductivity wasldw 10uS. The modified clay
was vacuum-filtrated, dried at 70°C in an oven gnound for further uses. The
contents of TDMA-Br added were equivalent to 0.&antl 2 times CEC of the MMT.

So, the TDMA-Br modified clays were called MMT-TDM¥S, MMT-TDMA1 and
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MMT-TDMAZ2, respectively. In addition, ODTMA-Br motied clays was prepared
using the same method as that of TDMA-Br modifiéays. Then, the ODTMA-Br
modified clays were called MMT-ODTMAO0.5, MMT-ODTMAland MMT-
ODTMAZ2, depending on the content of the added ODTFBIA

3.2.2 Preparation of NR nanocomposites

NR/organoclay nanocomposites were prepared on ardiv mill
(CHAICHAROEN) at room temperature. Mixing time waS min. The rotors were
operated at a speed ratio of 1:1.4. Firstly, NR mdked. Then 5 phr of clay (MMT)
or organoclays (MMT-ODAO.5, MMT-ODA1, MMT-ODA2, MMITDMAOQ.5,
MMT-TDMA1, MMT-TDMA2, MMT-ODTMAOQ0.5, MMT-ODTMAl1 and MMT-
ODTMAZ2) were added. The vulcanization ingredienerevadded to the compound
after the incorporation of clay and, lastly, sulfuas added. The formulations of the
rubber compounds are given in Table 3.1.

One of the organoclays was chosen according tontkehanical
properties of the obtained NR nanocomposites. Hhected organoclay was mixed
with NR at various contents of organoclay (1, 3l 10 phr) in order to observe
effect of organoclay content on the mechanical Bf ianocomposites. The types and
the amounts of added vulcanization ingredients vedréhe same to the previous

experiment.



Table 3.1Formulations of NR nanocomposites
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Material Content (phr)

NR 100 100 100 100 100
Zinc oxide 5 5 5 5 5
Stearic acid 2 2 2 2 2
CBS 1 1 1 1 1
Sulfur 2.5 2.5 2.5 2.5 2.5
MMT - 5 - - -
MMT-ODA" - - 5 - -
MMT-TDMA ¢ - - - 5 -
MMT-ODTMA ¢ - - - - 5

#N-Cyclohexyl-2-benzithiazolesulfenamide

® MMT-ODA 0.5CEC, 1CEC, 2CEC

S MMTTOMA 0 8CEC, 1CEC, 202

Table 3.2Formulations of NR/ENR blend nanocomposites

Material Content (phr)

NR 100 60 40 0
ENR 0 40 60 100
Zinc oxide 5 5 5 5
Stearic acid 2 2 2 2
CBS 1 1 1 1
Sulfur 2.5 25 2.5 2.5
Organoclay A A A A

4The selected organoclay

A The selected organoclay content
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ENR was blended with NR on a two-roll mill in erdo adjust polarity
of matrix. The NR/ENR blend ratios were 100/0, €)/40/60 and 0/100 by weight.
The fixed content of the selected organoclay waeddThe vulcanization ingredients
were added to the compound after the incorporatioolay and, lastly, sulfur was
added. Each vulcanization ingredient was added théh same amount as in the
previous experiment. The formulations of NR/ENRndled with organoclay were

shown in Table 3.2.

3.3 Material characterization

3.3.1 Characterization of clay and organoclays
3.3.1.1 Structure of clay and organoclays
Structures of clay and organoclay were analyzgdrb X-ray
diffraction spectrometer (XRD) (OXFORD/D5005) with Cu-Ko. as a radiation
source = 1.5418 A). The instrument was operated at aageliof 35 kV with a step
size of 0.02 and a scan speed of ¥Yr@in.
3.3.1.2 Functional groups and chain conformation
Functional groups of the surfactant on organoslayace were
identified by a Fourier transform infrared specteten (FTIR) (BIO-RAD/FTS175C,
KBr pellet technique). The spectrum was recordethé4000-400 cihregion with
2 cmi* resolution.
3.3.1.3 Thermal properties
Thermal decomposition temperature and weight |dsslay

and organoclay were determined by a thermogravimeanalyzer (TGA)
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(TA INSTRUMENT/SDT2960). Sample was heated undenitaogen atmosphere
from room temperature to 500°C at a rate of 20°@/mi
3.3.2 Characterization of NR nanocomposites
3.3.2.1 Structure of clay and organoclays

Structures of clay/organoclay in NR nanocomposiese
analyzed using XRD.

Dispersion of clay/organoclay in NR nanocompgasiteere
determined by a transmission electron microscodeM)I (OXFORD/JOEL JEM-
2010) at an accelerator voltage of 120 kV. Thintisas (ca.100 nm) of the cured
samples were cut using a diamond knife at -120°C.

3.3.2.2 Cure characteristics

Cure characteristics of NR nanocomposies werermated
using a moving die rheometer (MDR) (GOTECH/GT-M2DG@f a temperature of
150°C. Scorch time gl), cure time (Tog), maximum torque (f, Minimum torque
(Smin) and torque difference g« Snin) of the nanocomposites were determined.

3.3.2.3 Mechanical properties

NR nanocomposite was vulcanized at 150°C for timee ti
corresponding to cure time using a compression imglanachine. Compression
molded NR nanocomposites samples were cut into dathbhape with a die cutter
(type C). Tensile properties of NR/clay nanocomiassiwere tested according to
ASTM D412-98a. The specimens were performed onieersal testing machine
(INSTRON/model 5569), with a cross-head speed & ®B0n/min. Tensile strength,
elongation at break and modulus at 100% and 3008fmgaetion of the NR

nanocomposites were determined.
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Hardness was measured according to ASTM D2240 by a

international rubber hardness degrees (IRHD) téBi&t EISS/digi test).
3.3.2.4 Crosslink density

Crosslink density (npof NR/organoclay nanocompositegs
determined on the basis of rapid solvent-swellirgasurements. The samples were
swollen in toluene at 27°C for 72 hours until edpuiim swelling was reached.

The crosslink density of NR/organoclay nanocosites was
calculated by application of Flory-Rhener equatiélory, 1953):

n:—[|n(l—CDr)+(Dr+ZCDr2] (32)

Vo[@;” ~ (@, /2)]

where @, is the volume fraction of polymer in the swollerass, \§ is the molar
volume of the solvent (106.2 for toluene), & thie Flory-Huggins polymer-solvent
interaction term (the value &f is 0.393 foute). The volume fraction of polymer,
®,, is calculated by the following expression (Avald3rtiz, Zitzumbo, Lopez-

Manchado, Verdejo, and Arroyo, 2008):

o, - W.ip) 53
Wr WS

+
(S5

where W and W, are weight of the rubber samples and weight of emotubber,

respectivelyp, and ps are density of the rubber samples and densith@fsblvent,

respectively.



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Characterization of clay and organoclays

4.1.1 Structures of clay and organoclays
X-ray diffraction (XRD) spectroscopy is a commiachnique used in
investigating surfactant intercalation and expamsadd MMT. As MMT interlayer
spacing can expand or contract, the peak positiothe XRD spectrum of MMT
shifts proportionally. Then, the interlayer spacafdMMT can be calculated from the

XRD peak position using Bragg’s law:

d =/ (2 sird) (4.1)

where d is the interlayer spacing of clayis the X-ray wavelength of Cykequal to
1.5418 A, and is the incident angle of X-ray.

Figure 4.1 presents XRD spectra of MMT and medifiMMT at
various surfactant typese. ODA, ODTMA-Br, TDMA-Br, and surfactant contents,
i.,e. 0.5, 1, 2 times clay CEC. From the figure, MMTogled a diffraction peak at
20 = 6.4° with an interlayer spacing of 1.38 nm. Afreating MMT with all types of
surfactant, the diffraction peaks of modified MMTiftsed to a lower 2 values
compared with that of MMT. This implied that the MMnterlayer spacing was
expanded due to the intercalation of alkylammongurfactants. As shown in Figure

4.1 (a)-4.1 (c), the interlayer spacing of the MiediMMT increased with increasing
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surfactant contents up to 2 times clay CEC, sugyest coexistence of intercalated
surfactant molecules within the interlayer spa@hyiMT. From Figure 4.1, it can be
concluded that all types of surfactant used in shely effectively expanded the
interlayer spacing of MMT.

The values of interlayer spacing of clay and bogday are
summarized in Table 4.1. Among three surfactantesus,i.e. 0.5, 1, 2 times clay
CEC, the interlayer spacing of ODA treated MMT ahdt of ODTMA-Br treated
MMT increased with increasing the correspondingasitant content up to 2 times
clay CEC. However, the interlayer spacing of TDMA&ated MMT increased with
increasing TDMA-Br content up to 1 times clay CH®en its value was level off at
TDMA-Br content of 2 times clay CEC. These resitidicated that the content of
surfactant used to treat MMT affected the expansidhe MMT interlayer spacing in
various ways depending on types of surfactant used.

In comparison between a primary amine (ODA) anduaternary
amine (ODTMA-Br), which have 18 carbon atoms inith&lkyl chains, MMT-
ODTMAL1 had higher interlayer spacing than MMT-ODATLhis may be because
ODTMA-Br had bigger head group than ODA. Furtheregydroth MMT-ODTMAZ2
and MMT-ODA2 showed two diffraction peaks. The ffipgak at lower @ value was
the peak of high ordered surfactant arrangemeitan layers. The second peak at
higher @ value belonged to the peak of incomplete alkyliclarangement or the
loss of coherence from well ordered arrangemethh@surfactants in the clay layers.
This was due to the arrangement of long alkyl cledisurfactant molecules during

modification.
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Figure 4.1 XRD spectra of MMT and modified MMT with (a) ODAHY ODTMA-Br



Table 4.12 Theta (B) and interlayer spacing of MMT and modified MMT
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Clay/Organoclay 2 Igita Interla;(/re]rrns):pacing
MMT 6.40 1.38
MMT-ODAO.5 5.94 1.48
MMT-ODA1 5.44 1.62
MMT-ODAZ2 2.92,5.68 3.02, 1.55
MMT-ODTMAO.5 5.52 1.60
MMT-ODTMAL1 3.98 2.22
MMT-ODTMAZ2 2.90,4.14 3.04, 2.13
MMT-TDMAO.5 6.02 1.47
MMT-TDMA1 4.68 1.89
MMT-TDMAZ2 4.66 1.90

In comparison between two types of quaternary anmumoncation

surfactant,i.e. TDMA-Br with 14 carbon atoms in its alkyl chaimc&a ODTMA-Br

with 18 carbon atoms in its alkyl chain, MMT-ODTM#ad higher interlayer spacing

than MMT-TDMA of an equal surfactant content. Tmslicated that the surfactant

with longer alkyl chain length in its molecule waaneficial to expand the interlayer

spacing of MMT. The similar result was reported llgagaly et al. (1976) for their

investtigation on interlayer spacing of organoclaysdified with alkyl ammonium

compounds of different alkyl chain length (n= 687,16, 17, 18).

From the results, the modified MMT had largeertdyer spacing than

MMT which should be beneficial to produce the NRio@mposite.
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4.1.2 Functional groups and chain conformations

Fourier transform infrared spectroscopy (FTIR)sweed to identify
functional groups of MMT and modified MMT. Figure24(a)-4.2 (c) show FTIR
spectra of MMT and modified MMT. The spectrum of MMhowed a broad band
between 3644-3324 chrorresponding to the OH stretching vibration ofevaand a
band at 1638 cthcorresponding to the OH bending vibration of theeilayer water
of the MMT. In addition, a sharp band correspondimghe Si-O stretching vibration
of the layered silicate was observed at 1038".cRurthermore, the Si-O and Al-O
bending vibration bands were observed at 600-406 éMIR spectra of organoclays
(ODA, TDMA-Br and ODTMA-Br modified MMT with surfa@ant content of 0.5, 1
and 2 times clay CEC) showed four additional peakspared with that of MMT.
Bands around 2920 c¢hand 2850 cil attributed to the C-H asymmetrigad CH.)
and C-H symmetrie(CH,), stretching vibration of alkyl chains, respeetiv Bands
around 1470 cihand 1380 crm corresponded to the C-H asymmatric and symmatric
bending vibration of alkyl chains, respectively. efb results indicated that the

surfactants may intercalate into MMT galleries ds@b on the surface of MMT.
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Figure 4.2FTIR spectra of MMT and modified MMT with (a) ODAy) ODTMA-Br
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In addition, FTIR was used to monitor conformasi®f surfactant as
functions of surfactant content, surfactant typeart@nium head group) and alkyl
chain length. Vaiat al. (1994) found that the shift in wavelength (freqey of the
CH, stretching bands largely reflected the change hairc conformation of the
surfactants located in interlayer spacing of MMTs the surfactant content or the
surfactant chain length increased, the intercalstethctant molecules became highly
ordered (solidlike structuresge. trans conformations) and their GHstretching band
shifted to lower frequencies (Figure 2.5 in Chap®x Increases intrans
conformations led to increases in interchain cdstaesulting in lower mobility of
alkyl chains. In contrast, increasesgauche conformations (liquidlike character) led
to a flexible orientation resulting in greater nldbiof alkyl chains (Vaiaet al.,
1994).

Table 4.2 shows the wavenumber of the, Gtretching band of MMT-
ODA, MMT-ODTMA and MMT-TDMA at various contents cdfurfactant, i.e. 0.5, 1
and 2 times clay CEC. With increasing the surfaatantent from 0.5 to 2 times clay
CEC, va{CH,) of MMT-ODA and MMT-ODTMA shifted from 2921 cthto 2919
cm* and theirv(CH,) shifted from 2851 cfhto 2850 crit. Meanwhile,vadCH,) of
MMT-TDMA shifted from 2927 crit to 2925 cnit and itsvg(CH,) shifted from 2853
cm*to 2851 crit. This reflected that, with increasing surfactamtent, the liquidlike
state of the intercalated surfactants may probahbnge to a solidlike state (Vaia

etal., 1994; Zhuet al., 2005).
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Table 4.2FTIR wavenumber of asymmetric @H,{CH,)) and symmetric CH

{s(CHy)) stretching vibrations of modified MMT

Wavenumber (cnit)
Organoclay

vad CHp) vs(CHy)
MMT-ODAO.5 2921 2851
MMT-ODA1 2919 2850
MMT-ODAZ2 2919 2850
MMT-ODTMAO.5 2921 2851
MMT-ODTMA1 2919 2850
MMT-ODTMAZ2 2919 2850
MMT-TDMAO.5 2927 2853
MMT-TDMA1 2925 2951
MMT-TDMAZ2 2923 2851
pure ODA 2918 2849
pure TDMA-Br 2918 2849
pure ODTMA-Br 2918 2849

Among three surfactant contents (0.5, 1, 2 ticlag CEC) of MMT-
ODA, MMT-ODTMA and MMT-TDMA, the v(CH,;) and v,{CH,) stretching
vibrations of the intercalated surfactant molecwdbgted to lower frequency with
increasing surfactant content from 0.5 to 2 timky €EC. This indicated that the
coexistence of high amounts of surfactant moleculethe MMT layers may be

decrease the mobility of alkyl chains.
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In comparison between a primary amine, ODA (RsNHand a
quaternary amine, ODTMA-Br (R-NM#®), with increasing surfactant content from
0.5 to 2 times clay CEC, thgd{CH,) stretching vibration values of MMT-ODA were
similar to those of MMT-ODTMA at corresponding sacfant content. This implied
that the difference in ammonium head group had ffexteon the shift ofv,{CH,)
stretching vibration.

In comparison between two types of a quaternamymanium
surfactant,i.e. TDMA-Br with 14 carbon atoms in its alkyl chaimé& ODTMA-Br
with 18 carbon atoms in its alkyl chain, thg(CH,) stretching vibrations of MMT-
TDMA was higher than that of MMT-ODTMA at corresgbng surfactant content.
This was because TDMA-Br had larger available si@farea per surfactant molecule
than ODTMA-Br since TDMA-Br has shorter alkyl chdength than ODTMA-Br.
So, the molecules of TDMA-Br are more flexible amave greater mobility within
MMT-TDMA layer than those of ODTMA-Br. These resltvere similar to the
research work investigated by Vagiaal. (1994). They found that the frequency shift
in va{CH,) stretching of primary alkyl amine (B.,+1NH2, n = 6, 9, 10, 11, 12, 13,
14, 16 and 18) surfactants increased with decrgasiralkyl chain length.

From the FTIR results, TDMA-Br with a shorter gdlkhain presented
the liquidlike state and gave a greater mobilityatyl chain on the organoclay
surface as compared with other surfactants usethignstudy. Therefore, MMT-
TDMA should be more beneficial to produce NR namoposite than MMT-ODA

and MMT-ODTMA.
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4.1.3 Decomposition temperatures

Thermogravimetric analysis (TGA) was used to stdalg thermal
stability of organoclay and the intercalated sudatmolecules.

Figure 4.3-4.4 show TGA and DTG thermograms of Mbdhd MMT
modified with ODA, ODTMA-Br or TDMA-Br at 0.5, 1 ah2 times clay CEC. Onset
thermal decomposition temperatures and weightdo$84MT and modified MMT are
summarized in Table 4.3. MMT and modified MMT shaweveight loss at
temperatures which were lower than 100°C indicaéimgporization of the absorbed
water. Nonetheless, the modified MMT had lower amswf absorbed water than
MMT. As observed from Figure 4.3 and 4.4, the thedrdecomposition behaviors of
modified MMT were varied with surfactant types ammhtents.

At the surfactant content of 0.5 times clay CE&{,modified MMT
showed one decomposition step at the temperaturehwivas higher than
decomposition temperature of the correspondingastaht. This implied the good
interaction between the surfactant molecules ardMMT surface. With increasing
surfactant content to 1 or 2 times clay CEC, therrttal decomposition patterns of
modified MMT were changed to two decomposition stephe new decomposition
step was observed at a lower temperature as cochpatie the ones reported at the
surfactant content of 0.5 times clay CEC. Additibnathe lower decomposition
temperature of the modified MMT was close to theameposition temperature of the
pure surfactant. This indicated that the excesdastant molecules had lower
interaction with MMT surface and decomposed at lowemperature than the

intercalated surfactant.
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Figure 4.3 TGA thermograms of MMT and modified MMT with (a) @D

(b) ODTMA-Br and (c) TDMA-Br at 0.5, 1 and 2 timeky CEC.
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Table 4.3The onset decomposition temperature of MMT and fredtiMMT
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Water evaporation g step 21 step

Clay/Organoclay Iy oss T, co) | W loss| Tgq |Wtloss| Tq

(%) ’ %) | (©) | (%) | (C)
MMT 6.0 75.3 - - - -
pure ODA 6.0 80.0 94.0 230.0 - -
MMT-ODAO.5 5.0 64.0 - - 8.0 300.0
MMT-ODA1 3.0 78.4 - - 18.0 330.(
MMT-ODAZ2 1.0 66.6 10.0 230.3 19.0 35815
pure ODTMA-Br - - 83.0 260.8 17.0 320.8
MMT-ODTMAO.5 4.0 58.6 - - 10.5 323.3
MMT-ODTMA1 2.5 56.0 8.0 262.5 7.5 359.p2
MMT-ODTMAZ2 2.0 78.3 19.5 262.7 12.0 365/4
pure TDMA-Br - - 100.0 250.0 - -
MMT-TDMAQO.5 3.0 80.7 - - 8.5 335.2
MMT-TDMA1 3.0 12.7 8.5 252.2 10.0 365.0
MMT-TDMAZ2 3.0 77.8 8.5 252.5 10.0 365.1

Among three surfactant typee. ODA, ODTMA-Br and TDMA-Br,

with increasing surfactant content from 1 to 2 snety CEC, the weight loss and the

decomposition temperature in both steps of MMT-TDM#d not significantly

change. This indicated that the amounts of sunfddta the interlayer spacing of

MMT-TDMAL were similar to those in the interlaygoacing of MMT-TDMAZ2. This

TGA result also supported XRD result that the ilatggr expansion of MMT-TDMA1

was similar to that of MMT-TDMAZ2. On the other harttie weight loss of MMT-
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ODTMA increased with increasing surfactant contigat 1 to 2 times clay CEC
while the decomposition temperature was decreddad.may be because the excess
ODTMA-Br molecules on MMT-ODTMAZ2 had less interamti with clay surface. In
addition, the result suggested that MMT-ODTMAL1 hlads excess ODTMA-Br
molecules than MMT-ODTMAZ2 since its weight loss latver decomposition
temperature was less than that of MMT-ODTMAZ2. Isesof ODA modified MMT,
only MMT-ODA2 showed two decomposition steps wiM&T-ODAOQ.5 and MMT-
ODA1 showed one decomposition step. This implied the excess ODA molecules
were observed only on the surface of MMT-ODA2. Amdhree surfactant types,
MMT-ODA had the highest weight loss at the secoedodnposition temperature.
This was because ODA had the smallest molecular al easily intercalated into
MMT layer.

The TGA results revealed that there were two typesadsorbed
surfactant molecules on the modified MMT surfacébe first type had good
interaction with MMT surface, so they decomposedha higher temperature as
compared with that of the pure surfactant. On tierhand, the second type was the
excess surfactant molecules that had less interauatith the modified MMT surface
so they decomposed at the temperature which wase do the decomposition

temperature of the pure surfactant.
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4.2 Effect of surfactant on properties of NR nanocmposites

4.2.1 Dispersion and structures of clay and organtays

XRD and TEM are commonly complementary techniques
investigating structures and morphologies of polymenocomposites (Alexandre and
Dubois, 2000). Figure 4.5 shows XRD spectra of N&hatomposites based on
MMT-ODA, MMT-ODTMA and MMT-TDMA at 5 phr of the orgnoclays. XRD
spectrum of NR/MMT composite showed a diffracticgak around @ = 6.0° which
was in the same position as that of MMT. In additibEM micrograph of NR/MMT
composite in Figure 4.6 (a) illustrated the aggloatien of clay platelets in the NR
matrix. These results suggested that NR molecueklaot intercalate into the layers
of unmodified MMT. This was due to the polarityfdifence between MMT and NR.
So, the addition of unmodified MMT into NR matriesulted in a conventional
composite rather than a nanocomposite.

When MMT was treated with ODA, ODTMA-Br or TDMA+Bat 0.5
times clay CEC, XRD spectra of the obtained NR eantosites showed diffraction
peaks at @ = 6.0° which corresponded to the diffraction p@aKMMT. This XRD
result was supported by TEM micrographs in Figue(8), 4.7 (a) and 4.7 (d). These
TEM micrographs indicated the agglomerated strastuof organoclay in NR
nanocomposites when MMT was treated with a sunfdctithe content of 0.5 times
clay CEC. These phenomena were observed in alstgpsurfactants. The XRD and
TEM results suggested that there was still no trgeiof NR molecules into MMT

layers at the surfactant content of 0.5 times CIEL.
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Figure 4.5XRD spectra of NR nanocomposites containing 5 gha) MMT-ODA,

(b) MMT-ODTMA and (c) MMT-TDMA at 0.5, 1 and 2 tinseclay CEC.
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With increasing the surfactant content to 1 tinwdsy CEC, the
diffraction peak of NR/MMT-ODA1 nanocomposite wasserved at 2 = 5.0° while
those of NR/MMT-ODTMA1 and NR/MMT-TDMA1l nanocomptss were not
observed. This indicated that NR molecules hadrgatated into MMT layers. In
addition, TEM micrograph in Figure 4.6 (c), revehlatercalated structure of MMT-
ODAL1 in NR nanocomposites and those in Figure B)7agd 4.7 (e) revealed the

exfoliated structures of MMT-ODTMA1 and MMT-TDMADQINR nanocomposites.

(@) o (b)

(d)

Figure 4.6 TEM micrographs of NR nanocomposites containingts of (a) MMT,

(b) MMT-ODAO.5, (c) MMT-ODA1 and (d) MMT-ODA2.



49

(b)

£

(f)

Figure 4.7 TEM micrographs of NR nanocomposites containing br pf
(@ MMT-ODTMAO.5, (b) MMT-OTMDA1, (c) MMT-OTMDAZ2,

(d) MMT-TDMAGO.5, (¢) MMT-TDMAL and (f) MMT-TDMA?2.
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At the surfactant content of 2 times clay CE@® thiffraction peak of
all organoclays in NR nanocomposites disappeareghesiing the presence of
exfoliated structures of the organoclays. In additithe existence of the exfoliated
structures of MMT-ODA2, MMT-ODTMA2 and MMT-TDMA2 we clearly
observed in TEM micrographs in Figure 4.6 (d), @&)’and 4.7 (f), respectively. This
indicated that the higher interlayer spacing and #éxfoliated structures of the
organoclays in the NR nanocomposites could be aediavith increasing surfactant
content.

In comparison between primary amine (ODA) andteumary amine
(ODTMA-Br) surfactants, which have 18 carbon atomstheir alkyl chains, the
structures of the organoclays in NR nanocomposv&® varied with increasing the
surfactant content. At the surfactants content o @imes clay CEC, NR
nanocomposite with MMT-ODAO.5 and MMT-ODTMAO.5 shedthe agglomerated
structures of organoclays. With increasing theasiant content to 1 times clay CEC,
NR nanocomposite with MMT-ODA1l showed intercalatsttuctures of the
organoclay while that with MMT-ODTMAL1 showed exfaled structure of the
organoclay. This was because ODTMA-Br, due to itgér head group, expanded
the interlayer spacing of the organoclay much neffectively than ODA. However,
with increasing the surfactant content up to 2 sineay CEC, the exfoliated
structures of both MMT-ODA2 and MMT-ODTMAZ2 in NR nacomposites were
observed. This suggested that the excess conterttottf primary amine and
guaternary amine surfactants expanded the interkpacing of the organolcays and

eased exfoliation of both organoclays in NR matrix.
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For quaternary amine surfactants of differenylatthain length,i.e.
TDMA-Br (14 carbon atoms) and ODTMA-Br (18 carbotoras), agglomerated
structures of both organoclays were observed imBlifbcomposites when MMT was
treated with a surfactant at the content of 0.5%esinlay CEC. On the other hand,
when MMT was modified with either TDMA-Br or ODTMAr at the content of 1
and 2 times clay CEC, the exfoliated structures tlidé organoclays in NR
nanocomposite were observed although the interlagacing of MMT-TDMA was
lower than that of MMT-ODTMA. According to the FTIRsults of MMT-TDMA
and MMT-ODTMA in Figure 4.2 and Table 4.2, the miapiof alkyl chains in
MMT-TDMA was greater than that in MMT-ODTMA. Thewatk, the intercalation of
NR molecules into the layers of MMT-TDMA was eadiean their intercalation into
the layer of MMT-ODTMA. Although, the low mobilitpf alkyl chains in MMT-
ODTMA may hinder penetration of NR molecules irte MMT-ODTMA layers, the
exfoliated structures of MMT-ODTMA in NR nanocomgeswere still observed
when MMT was treated with ODTMA-Br at content obf 2 times clay CEC. This
may be due to a combination of the partial intexitah of NR molecules into clay
layers and the shear force generated during mpiagess.

4.2.2 Cure characteristics

Cure characteristics of NR nanocomposites, espresn term of
scorch time, cure time, maximum torquen{sp Minimum torque (&n) and torque
difference ($.axSnin) are illustrated in Figure 4.8-4.12 and summaripetable 4.3.

As shown in Figure 4.8 and 4.9, scorch time ande ctime of
NR/organoclay nanocomposites were shorter tharofidR/MMT. This implied that

alkyl amine surfactants may react with Zn compouradsd sulfur to form
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Zn—sulfur—ammonium complexes which act as accelesator NR vulcanization
(Kim et al., 2006). Moreover, scorch time and cure time ef NR nanocomposites
decreased with increasing surfactant content frofnt® 2 times clay CEC. These
results indicated that the content of surfactafecééd cure characteristics of NR
vulcanizates. The increase in deposited surfactament on organoclay surface led to

the increase in Zn complex contents and resulteddeleration of NR vulcanization.

Table 4.4Cure characteristics of of NR nanocomposites abua surfactant types

and surfactant contents.

Designation SC?iﬁir.]n)ﬁme C”{rﬁ.ﬂ)m ° (?ﬁ?ﬁ) (j\lmr:w) S(K%m
gum NR 5.19 844 | 2074 370  17.04
NR-MMT 5.49 019 | 2113 362 1751
NR/MMT-ODAO.5 4.48 835 | 2033 570  23.62
NR/MMT-ODAL1 4.04 6.49 | 3249 555 2694
NR/MMT-ODA2 2.49 520 | 3534 485 3050
NR/MMT-TDMAO.5 2.24 630 | 3231 430 2801
NR/MMT-TDMAL 1.20 423 | 3520 495 3034
NR/MMT-TDMA2 1.06 419 | 3609 520 3089
NR/MMT-ODTMAO.5 | 3.18 741 | 3026 496 2530
NR/MMT-ODTMA1 1.20 433 | 3629 607  30.21
NR/MMT-ODTMA2 0.46 335 | 4421 504 3916
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Maximum torques (s Of NR nanocomposites are shown in Figure
4.10. Maximum torque can be considered as a mea$sterage modulus which was
increased due to rubber/clay interactions includimgrcalation and exfoliation of
clay in the matrix (Tehet al., 2004). The maximum torques of NR/organoclay
nanocomposites were higher than that of NR/MMT caosite. This result was due to
a poor compatibility between unmodified MMT and hyphobic NR. The increase in
the maximum torque of NR/organoclay nanocomposis wore pronounced with
increasing surfactant content to 2 times clay CH@Gs suggested that the increase in
surfactant content enhanced hydrophobicity of oogky resulting in a good
compatibility between NR and organoclay. NonetreleSIR/MMT-ODTMA2
nanocomposite had the highest maximum torque vase®mpared with NR/MMT-
TDMAZ2 and NR/MMT-ODA2 nanocomposites.

The difference between maximum torque and minintorque (Sax
Smin), or torque difference, is indirectly related toosslink density of a rubber
vulcanizates (Tehet al., 2004). As shown in Figure 4.11, NR/organoclay
nanocomposites had higher torque difference thafMINR composite. In addition,
NR/MMT-ODTMA2 showed the highest torque differenaaalue among the
nanocomposites. Arroyet al. (2003); Tehet al. (2004); and Arroyaet al. (2007)
reported that the increase in torque difference thé rubber/organoclay
nanocomposites was due to the increase in crosséinkity of the vulcanizate. On the
other hand, in this study the crosslink density alif nanocomposites showed
insignificant difference. Therefore, the increas¢orque difference of NR/organoclay
nanocomposites as compared with that of NR/MMT oositp may be due to the

interaction between organoclay and matrix. Furtleeanthe torque difference of the
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NR nanocomposites increased with increasing safhatontentThis suggested that
high content of surfactant improved the interactimtween NR and organoclay by
the separation of clay layers at high content ofastant. This was confirmed by

TEM micrographs of NR nanocomposites in Figure4l.6-

ol
(6]

00.5CECN 1CEC B 2CEC

:

a1
o
!

i
o1
!

N
o
!

w
o1
!

7
5

w
o
|
i
ol

N N
o ol
| |
HRRHHAS

=
a1
L

Maximum torque (dNm)
2%

S0

H
o
|
R

o L L T
oy

o
1923t

a1
!

gum NR MMT MMT-ODA MMT-ODTMA MMT-TDMA

o

Figure 4.10Maximum torque of NR nanocomposites at variousasuait types and

surfactant contents.

The minimum touques {%) of NR nanocomposites are shown in
Figure 4.12. Minimum torque is related to the vi&toof the NR nanocomposites
before vulcanization (Telet al., 2004). The minimum torques of NR/organoclay
nanocomposites were higher than those of NR and/INR/ composite. This implied

the good compatibility between hydrophobic NR agdrbphobic organoclay.
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Treating MMT with ODA (R-NH") or ODTMA (R-NMe;"), which
have 18 carbon atoms in their alkyl chains, afféctiee cure characteristics of
NR/organoclay nanocomposites. NR/MMT-ODTMA gave rglio scorch time and
cure time than NR/MMT-ODA nanocomposite. This wascduse the excess
ODTMA-Br molecules had less interaction with clayface. So they can react and
form complex with zinc and sulfur faster than th®A molecules. This can be
supported by TGA thermograms (Figure 4.3). The ielgss (wt%) of ODTMA-Br
in MMT-ODTMA was higher than that of ODA in MMT-ODAAdditionally, another
possibility why NR/MMT-ODTMA nanocomposites had stew scorch time and cure
time than NR/MMT-ODA nanocomposites may be becamsthylene groups of
guaternary ammonium compound accelerated the wvalogn reaction in NR
vulcanizate better than hydrogen atoms of primanyna compound. MoreoveNR
nanocomposites with quaternary ammonium surfactieegted MMT gave higher
torque difference than that of NR nanocompositeth Wwrimary amine surfactant
treated MMT. This indicated that NR/MMT-ODTMA hadranger interaction
between the organoclay and NR matrix than NR/MMTAOD

In comparison between quaternary ammonium surfeei@indifferent
alkyl chain length,i.,e. TDMA-Br (14 carbon atoms) and ODTMA-Br (18 carbon
atoms), NR/MMT-ODTMA nanocomposite gave shorterrsbaime and cure time
than NR/MMT-TDMA nanocomposite. This was because #xcess ODTMA-Br
molecules had less interaction with clay surfacetley can react and form complex
with zinc and sulfur faster than TDMA-Br moleculdhis was confirmed by TGA
thermograms (Figure 4.3). The weight loss (wt%)O®TMA-Br was higher than

TDMA-Br. Moreover, NR/MMT-ODTMA nanocomposites showed higher torque
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difference than that of NR/MMT-TDMA nanocompositeBhis indicated that a
stronger interaction between NR matrix and orgamodccurred in the presence of
long alkyl chain.
4.2.3 Mechanical properties
Tensile strength, modulus at 100% elongation (@)1@nodulus at

300% elongation (M300), elongation at break, hasdrend crosslink density of NR
nanocomposites at various surfactant types an@aarft contents are illustrated in
Figure 4.13-4.18. As shown in Figure 4.13, tensiteength of NR/organoclay
nanocomposites was higher than that of gum NR. ifldisated that the orgnaoclays
acted as reinforcing fillers in NR matrix. In comigan, at the same clay content,
NR/orgnaoclay nanocomposites had higher tensimgth than NR/MMT composite.
This result suggested that the organoclay was mamgatible with NR matrix than
unmodified MMT leading to better dispersion of angalay in the matrix and better
interaction between matrix and filler. In additiothe tensile strength of the
nanocomposites increased with increasing surfactarent. This may be because the
excess content of surfactant can expand the igrigpacing of the organoclays and
facilitate penetration of NR molecules into the desy Then, the separation of
organoclay layers was obtained. This led to intated/exfoliated structures of
orgnoclay in the nanocomposites. This was suppditeXRD spectra (Figure 4.5)
and TEM micrographs (Figure 4.6-4.7) of NR nanocosigs, indicating the
existence of intercalated/exfoliated structureghe nanocomposites. These results
suggested that the increase of surfactant contigmifisantly enhanced tensile

strength of NR nanocomposites.
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Figure 4.13Tensile strength of NR nanocomposites at varioutastant types and

surfactant contents.

Elongation at break of NR/organoclay nanocompssivas slighly
higher than that of gum NR and NR/MMT compositeshswn in Figure 4.14. This
was because the large amount of long alkyl amine within the organoclay layers
may act as plasticizers in NR nanocomposites aanilitéée the movement of NR
molecules (Kim, Kang, Cho, Ha, and Bae, 2007). Thigygested that the

incorporation of organoclay in NR nanocompositesaased elasticity of NR chains.
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Figure 4.14Elongation at break of NR nanocomposites at vargw$actant types

and surfactant contents.

As shown in Figure 4.15-4.16, the modulus at 10€l&mgation and
300% elongation of NR/MMT composites were lowemttiaose of gum NR. The low
compatibility between hydrophilic MMT and hydrophoNR led to the poor MMT
dispersion in NR matrix. On the other hand, the uohasl at 100% elongation and
300% elongation of NR/organoclay nanocompositesewegher than those of gum
NR and NR/MMT composite. This was due to the higipemt ratio and a large
surface area of organoclay which tended to imprioterfacial interaction between
organoclay and NR. In addition, the improvemerthie modulus was due to the good
dispersion and the compatibility of organoclay e tNR matrix (Zhang and Loo,

2008).
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The hardness of NR/organoclay nanocompositeshwgas than that of
gum NR and NR/MMT composite, as shown in Figure74This was because the
organoclay acted as a reinforcing filler in NR matiThe increase in hardness was
related to high modulus of NR matrix (Brown and Bguaet, 2001). In addition, the

hardness of the nanocomposites slightly increasetimcreasing surfactant content.
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Figure 4.17Hardness of NR nanocomposites at various surfatgpatand surfactant

contents.

The crosslink density of NR/organoclay nanoconipss was
calculated on the basic of the nanocomposites s\gelh toluene. There was no
significant difference in the crosslink density BR/organoclay nanocomposites,
NR/MMT composite and gum NR (Figure 4.18). Thisiaaded that the crosslinking
of rubber had no effect on the properties of NRatamposites. Therefore, the
increase of torque difference and mechanical pt@seof the nanocomposites was

due to the improved interaction between organoatay NR matrix.
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Table 4.5Mechanical properties and crosslink den®fyNR nanocomposites at various surfactant typessanfactant contents.

designation | Tenstesrengh | Migon® | Moo | Cylbreak | Mrdness | Crossink densy
(MPa) (MPa) (%)

gum NR 22.01 0.89 2.02 1384.58 43.16 1.6045
NR/MMT 20.55 0.82 1.79 1418.72 44.70 1.5703
NR/MMT-ODAO0.5 20.66 1.04 2.28 1357.14 45.50 1.5742
NR/MMT-ODA1 23.63 0.98 2.16 1550.57 45.94 1.6027
NR/MMT-ODA2 26.95 0.98 2.18 1559.91 46.42 1.6571
NR/MMT-TDMAO.5 23.46 1.00 2.33 1502.02 47.64 1.7500
NR/MMT-TDMA1 23.99 1.09 2.48 1433.01 49.76 1.8295
NR/MMT-TDMA2 28.22 1.14 2.58 1466.42 51.08 1.8526
NR/MMT-ODTMAO.5 24.55 0.93 2.07 1541.62 48.46 1.802
NR/MMT-ODTMA1 25.47 1.16 2.55 1483.42 49.88 1.5842
NR/MMT-ODTMA2 23.10 1.28 2.79 1285.73 51.12 1.6159

¥9
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As compared between ODA and ODTMA-Br which haecharbon
atoms in the alkyl chain, NR/MMT-ODAO.5 nanocompesgave lower tensile
strength than NR/MMT-ODTMAQO.5 nanocomposite. In #dd, the tensile strength
of NR/MMT-ODA1 nanocomposite was also lower thaattof NR/MMT-ODTMA1
nanocomposite. This was because the ODA surfaatdimtprimary ammonium ions,
R-NHs*, can form hydrogen bond with the clay surface.r&hg, the numbers of
available surface areas for interacting with the M&ecules were decreased (Zhang
and Loo, 2008). Then, the interaction between NR EiMT-ODA was lower than
that between NR and MMT-ODTMA. On the other hank tensile strength of
NR/MMT-ODA2 nanocomposite was higher than that oR/MMT-ODTMA2
nanocomposite. This was because the excess qugteamine (R-N(Me))
molecules had no orientation in the layers and émfraggregates on the surfaces of
MMT. This tended to be the weak points that promd#lure initiation, resulting in
the decrease in the tensile strength of the nanpostes. With increasing the
surfactant content from 0.5 to 2 times clay CE@, résults, as shown in Figure 4.15—
4.16, revealed that NR/MMT-ODTMA nanocomposites hagher modulus at 100%
elongation and modulus at 300% elongation than NRIMDDA nanocomposites.
This was because of good dispersion of MMT-ODTMAtelets in the matrix, as
confirmed by TEM micrographs of the nanocompositegigure 4.5. On the other
hand, with increasing surfactant content from 0.2 times clay CEC, the elongation
at break of NR/MMT-ODA nanocomposites slightly ieased while the elongation at

break of NR/MMT-ODTMA nanocomposites slightly deased.
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In comparison between quaternary ammonium saféstof different
alkyl chain length,i.,e. TDMA-Br (14 carbon atoms) and ODTMA-Br (18 carbon
atoms), the results showed that the tensile stnengt NR/MMT-ODTMA
nanocomposite increased with increasing surfaaantent up to 1 times clay CEC.
Then, the tensile strength of NR/MMT-ODTMA nanocaspes decreased when the
surfactant content increased to 2 times clay CHG@s ihdicated that the modification
of MMT with ODTMA-Br at 1 times clay CEC was sufiet to obtain NR
nanocomposites with high tensile strength. On tinerohand, the tensile strength of
NR/MMT-TDMA nanocomposites increased with incregssurfactant content up to
2 times clay CEC. At surfactant content of 0.5 dntimes clay CEC, the tensile
strength of NR/MMT-ODTMA nanocomposites was slightligher than those of
NR/MMT-TDMA nanocomposites. This may be becauseokatied structures of
MMT-ODTMA, due to the long alkyl chain of ODTMA-Bin NR nanocomposites
tended to give good interaction between NR andrmgay plateletsHowever, it is
interesting to note that the tensile strength off MIRT-ODTMAZ2 nanocomposite
was lower than NR/MMT-TDMAZ2 nanocomposite. This nisg/ because the excess
of ODTMA-Br surfactant promoted failure initiaticend, thus, decreased the tensile
strength of the nanocompositédodulus at 100% elongation and modulus at 300%
elongation of NR/MMT-ODTMA and those of NR/MMT-TDMAanocomposites
showed insignificant difference.

By varying typesi(e. ODA, ODTMA-Br, TDMA-Br) and contents of
surfactantite. 0.5, 1, 2 times clay CEC), it was found that Mi® nanocomposites
with  MMT-TDMA2 had the highest tensile strength. laddition, the NR

nanocomposites with MMT-TDMAZ2 gave optimum scorchd and cure time, which
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decreased processing time for fabricating the namgosites. In order to obtain NR
nanocomposite with good mechanical properties ange ccharacteristics,
MMT-TDMA2 was selected for preparation of NR nanogmsites at various

contents of the organoclay.

4.3 Effect of organoclay content on properties of R nanocomposites

4.3.1 Dispersion and structures of organolcay

Form the previous topic, NR nanocomposite with MVDMA?2 gave
good mechanical properties and optimum processimg. fTherefore, MMT-TDMA2
was selected to further investigate effect of oog#ay content on properties of
NR/organoclay nanocomposites.

Figure 4.19 shows XRD spectra of MMT-TDMA2 and NR
nanocomposites at various contents of MMT-TDMA2. &t®own in Figure 4.19,
MMT-TDMAZ2 showed a diffraction peak ab2= 4.66° with an interlayer spacing of
1.90 nm. This peak was not observed in NR nanocsitgmat low MMT-TDMA2
contents (1, 3 and 5 phr). This suggested the pcesaf exfoliated structure of MMT-
TDMA2 platelets in the NR nanocomposites. On théepot hand, the NR
nanocomposite with the MMT-TDMAZ2 content of 10 @owed the diffraction peak
at » = 2.20° which was in a lower angle compared witat tof MMT-TDMA2
indicating an intercalated structure of the orgémpdn the NR/MMT-TDMA2

nanocomposite.
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Figure 4.19XRD spectra of NR nanocomposites at various cantehMMT-TDMAZ2:

(@) 1 phr, (b) 3 phr, (c) 5 phr, (d) 10 phr, am) NIMT-TDMAZ2.

4.3.2 Cure characteristics
Scorch time, cure time, maximum torque, minimumyte and torque
difference of gum NR and NR nanocomposites at uarmontents of MMT-TDMA2
are illustrated in Figure 4.20-4.22, and summarinetiable 4.6. Scorch time of NR
nanocomposites decreased with increasing organaolatgnt, as shown Figure 4.20.
Similarly, cure time also gradually decreased whw®n orgnaoclay content in NR
nanocomposites was increased. This effect waduatidd to the acceleration of NR

vulcanization induced by ammonium groups in TDMA{Brroyo et al., 2003).
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Table 4.6Cure characteristics of NR hanocomposites at varamntents of

MMT-TDMAZ2
Scorch Cure
Designation time time (c?rl\rl]?rl;(l) (Cﬁ{\lmr?'l) S(“C?I){lig'”
(min) (min)
gum NR 5.19 8.44 20.74 3.70 17.04
NR/MMT-TDMA2-1phr 2.11 4.22 26.31 5.82 20.49
NR/MMT-TDMA2-3phr 1.17 4.20 28.49 5.82 22.68
NR/MMT-TDMAZ2-5phr 1.06 4.19 36.09 5.20 30.89
NR/MMT-TDMAZ2-10phr 0.55 2.56 36.52 5.89 30.63
10 1 1 Scorch time

9 - § Cure time

8 -
— 7
c
£ 6.
o 5 -
e
E 4- \
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2 .

1 .

0 [ ]
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MMT-TDMA2 content (phr)

Figure 4.20Scorch time and cure time of NR nanocompositesaabus contents of

MMT-TDMAZ2.
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Figure 4.21 shows maximum torque of gum NR and NRIMI DMA2
nanocomposites at various contents of organoclag. Maximum torque increased
with increasing MMT-TDMAZ2 content up to 5 phr. Tleaggested good dispersion of
organoclay platelets in matrix and good compatipitietween organoclay and NR.
However, the maximum torque of NR nanocompositén WMT-TDMAZ2 of 10 phr
was level with that of the NR nanocomposite with WVHIDMAZ2 of 5 phr. When the
organoclay content in the nanocomposites was beygritt, the organoclay structure
changed from exfoliation to intercalation (Figurd®) leading to the less interfacial
interaction between the organoclay and the NR ma#isimilar trend was observed
in torque difference (Figure 4.21). The torque afigihce increased with increasing
MMT-TDMAZ2 content up to 5 phr. This suggested ttieg NR nanocomposite with 5
phr of TDMAZ2 had the good compatibility between amgclay and NR. As shown in
Figure 4.21, the organoclay content had no effecttree minimum torque of the

nanocomposites.
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Figure 4.21 Minimum torque, maximum torque and torque diffeenof NR

nanocomposites at various contents of MMT-TDMA2.

4.3.3 Mechanical properties

Tensile strength, modulus at 100% elongation (@)1@nodulus at
300% elongation (M300), elongation at break, hasdnand crosslink density of
NR/MMT-TDMAZ2 nanocomposites at various MMT-TDMAZ2 mints are illustrated
in Figure 4.22—-4.24, and summarized in Table 4.Zah be seen, in Figure 4.23, that
the tensile strength of NR nanocomposites with & gghMMT-TDMA2 was lower
than that of gum NR. This was because, at low cdrdeorganoclay, the organoclay
acted as a foreign inclusion and disturbed orieriadf the NR chain. However, the
addition of MMT-TDMA2 between 3-5 phr increased tieasile strength of the NR
nanocomposites. This indicated that good interadiietween NR and organoclay and

exfoliated structure of organoclay improved the patibility between the orgnaoclay
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and NR. However, at the organoclay content of 16 fite tensile strength of NR
nanocomposites decreased. This may be due to Hregehof organoclay structure
from exfoliation to intercalation as observed froldRD spectra of NR

nanocomposites (Figure 4.19) and the agglomeratiathe organoclay. These may
lead to less interfacial interaction between orgémpand NR matrix resulting in a

reduction in tensile strength of NR nanocomposiataining 10 phr of MMT-

TDMAZ2.

40 1| 1 Tensile strength - 1800

i
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o 20 - T _|_ + - 1000 g
9 e T - 800 3
£ - 600 €
— 10 A L 400 W

5 4 - 200

0 0

gum NR 1 3 5 10

MMT-TDMA2 content (phr)

Figure 4.22 Tensile strength and elongation of NR nanocomp®sée various

contents of MMT-TDMAZ2.
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Elongation at break of NR/MMT-TDMAZ2 nanocompositslightly
increased with increasing MMT-TDMAZ2 content up topBr, as shown in Figure
4.22. Then, its value was insignificant changedhigher content of the organoclay.
This suggested that the addition of MMT-TDMAZ2 up 10 phr did not deteriorate
elasticity of NR nanocomposites.

M100 and M300 of NR/MMT-TDMAZ2 increased as a ftion of
MMT-TDMAZ2 content, as shown in Figure 4.23. Thissague to high stiffness of the
organoclay. In addition, the hardness of NR nangusites (Figure 4.24) increased

in the same trend as the modulus of the NR nanoositgs.

3.5 1
1 Modulus 100%
3.0 - Modulus 300%
~ 2.5 1 7
g //
2 20"
2 7
3 151
(@]
S £ -
1-0 . I I
5 A
0.0
gum NR 1 3 5 10

MMT-TDMA2 content (phr)

Figure 4.23Modulus at 100% elongation and modulus at 300%gelbon of NR

nanocomposites at various contents of MMT-TDMA2.
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Figure 4.24 shows crosslink density of NR/MMT-TBRInanocomposites
at various MMT-TDMAZ2 contents. The crosslink depsif the NR/MMT-TDMA2
nanocomposites had no significant difference. Tihdicated that the crosslinking
density of NR had no effect on properties of NR ow@mmposites. This can be
concluded that the change in properties of the c@amposites was due to the

organoclay content as well as the interaction #tevben organoclay and NR matrix.
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Figure 4.24Hardness and crosslink density of NR nhanocompoattearious contents

of MMT-TDMAZ.



Table 4.7Mechanical properties and crosslink densafyNR nanocomposites at various contents of MMT-TDMA2

Tensile Modulus Modulus Elongation Hardness Crosslink densit
Designation strength 100% 300% at break (IRHD) (10* mole/c mg)y
(MPa) (MPa) (MPa) (%)
gum NR 22.01 0.89 2.02 1384.58 43.16 1.6045
NR/MMT-TDMA2-1phr 18.46 0.96 2.19 1287.39 46.63 228
NR/MMT-TDMA2-3phr 25.13 1.08 2.46 1459.08 47.17 398
NR/MMT-TDMAZ2-5phr 28.22 1.14 2.58 1437.79 51.08 328
NR/MMT-TDMA2-10phr 22.89 1.13 2.79 1408.00 52.63 8330

=74
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According to the results, the content of orgaagpchffected the
mechanical properties of NR/organoclay nanocomessiWith increasing MMT-
TDMAZ2 content in the NR nanocomposites, the scoirdle and cure time decreased
while tensile strength increased up to 5 phr of MVDMAZ2. Therefore, the addition
of 5 phr of MMT-TDMAZ2 was enough to improve mechaaliproperties of the NR
nanocomposites. Based on the XRD spectra of NRawemnposites, an exfoliation of
organoclay was observed with the addition of orgéao content up to 5 phr. In
addition, torque difference increased with incregdIMT-TDMAZ2 content up to 5
phr. According to the mechanical properties andecgharacteristics of NR
nanocomposites in this study, the optimum contehtMMT-TDMAZ2 in the
nanocomposites was 5 phr. Therefore, 5 phr of MNDIMRA2 was selected to further

investigate effect of matrix polarity on propert@fS\NR/organoclay nanocomposites.

4.4  Effect of matrix polarity on properties of NR nranocomposites

An approach to improve interaction between orgamoend NR is to adjust
matrix polarity since organoclay would be more lgadispersed in polar matrix phase
than in non-polar matrix phase. Therefore, ENR se&lscted to blend with NR since
it has higher polarity compared with NR. The NR/ENIRNd ratios were variede.,
100/0, 60/40, 40/60 and 0/100 by weight. From thevipus topics, the selected
surfactant was TDMA-Br at the content of 2 timeayclCEC and the optimum

organoclay content was 5 phr.



77

4.4.1 Dispersion and structures of organoclay

Figure 4.25 shows the XRD spectra of NR, ENR &&/ENR
nanocomposites at 5 phr of MMT-TDMAZ2. As shown Imstfigure, the diffraction
peak of NR/MMT-TDMAZ2 disappeared indicating the geace of exfoliated
structures of the organoclay in the nanocompos$iés can be further confirmed by
TEM micrograph as shown in Figure 4.26 (a). Ondtieer hand, XRD spectrum of
ENR/MMT-TDMA2 nanocomposite showed two diffractiopeaks appeared at
around ® = 2.5° and @ = 5.0° indicating the existence of both intercadatind
agglomerated structures of the MMT-TDMA2 in the ENRnocomposite as
confirmed by TEM micrograph in Figure 4.26 (d). §kuggested the poor interaction
between ENR and organoclay due to the polarityerbfiice.

It should be noted that the organoclay structureshe NR/ENR
nanocomposites were varied deponding on the addiél éntent. When NR was
blended with 40 wt% of ENR, the diffraction peakNiR/ENR(60/40)/MMT-TDMA2
nanocomposite appeared at lowér @mpared with that of MMT-TDMAZ2. This
suggested that both NR and ENR chains intercalatedthe organoclay layers. The
intercalated structure of organoclay platelethisa hanocomposite was also observed
by TEM micrograph in Figure 4.26 (b). Also, thigure revealed that NR and ENR
phases were separated and the organoclay platete¢spartially dispersed in ENR
phase and partially presented at the interphaseebatNR and ENR. Moreover, with
increasing ENR content in the nanocomposite to &&,whe diffraction peak of
NR/ENR(40/60)/MMT-TDMA2 nanocomposite disappearegigesting the appearance
of exfoliated structure of the MMT-TDMAZ2. The exialed structures of organoclay

platelets in nanocomposites were also observed frai micrograph as shown in
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Figure 4.26 (c). In addition, this figure revealdtht NR and ENR phases were
separated and the organoclay were throughly disdensthe matrix.

From the results it can be concluded that whenwsdis blended with
60 wt% of ENR, the organoclay platelets were eatell and well dispersed in both

phases which implied a good interaction betweerotganoclay and the matrix.

g (d)
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Figure 4.25XRD spectra of (a) NR, (b) NR/ENR (60/40), (c) NRI/E (40/60), and

(d) ENR nanocomposites with 5 phr of MMT-TDMAZ.
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@ : (b)

(c) (d)

Figure 4.26 TEM micrographs of (a) NR, (b) NR/ENR (60/40), (¢[R/ENR (40/60),

and (d) ENR nanocomposites with 5 phr of MMT-TDMAZ.

4.4.2 Cure characteristics

Scorch time, cure time, minimum torque, maximungbe and torque
difference of NR, ENR and NR/ENR nanocompositesilarstrated in Figure 4.27—
4.28, and summarized in Table 4\/ith increasing ENR content in the matrix,
scorch times of the nanocomposites had no signifiddference, as shown in Figure
4.27. However, the cure time of the nanocompositeeased with increasing ENR
content (Figure 4.27). In addition, the minimumaioe, maximum torque and torque
difference of the nanocomposites showed insigmficdifference with increasing

ENR content, as shown in Figure 4.28.
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Figure 4.27Scorch time and cure time of nanocomposites camigb phr of MMT-TDMA2.
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Figure 4.28 Minimum torque, maximum torque and torque diffeeenf nanocomposites

containing 5 phr of MMT-TDMAZ2.



Table 4.8Cure characteristics of nanocomposites contaiipgr of MMT-TDMA2

Designation Sczﬁi?n)ﬂme CLE'I:ﬁI:]I)m ° (?ﬁ?ﬁ) (dsﬁirrh) S(K%m
NR/MMT-TDMA2 1.06 4.19 36.09 5.20 30.89
NR/ENR(60/40)/MMT-TDMA2 0.59 3.34 36.94 4.78 31.16
NR/ENR(40/60)/MMT-TDMA2 0.54 4.18 37.14 4.26 32.88
ENR/MMT-TDMA2 0.42 5.01 38.37 3.36 35.02

18
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4.4.3 Mechanical properties

Tensile strength, modulus at 100% elongation, uhead at 300%
elongation, elongation at break, hardness and lotksdensity of NR, ENR and
NR/ENR nanocomposites with 5 phr of MMT-TDMAZ2 alieistrated in Figure 4.29—
4.31, and summarized in Table 4.9.

In comparison between NR/MMT-TDMA2 and ENR/MMT-MA2
nanocomposites, tensile strength and elongatidorestk of the NR nanocomposite
was higher than those of the ENR nanocompositsha#n in Figure 4.29. This may
be due to the agglomeration of organoclay particiehe ENR matrix, as confirmed
by TEM micrograph in Figure 4.26 (d). These aggloates restricted ENR chain
orientation leading to the decrease in elongatidor@ak of the ENR nacocomposite.
When NR was blended with ENR, the tensile strergttiNR/ENR(40/60)/MMT-
TDMA2 nanocomposite was slightly higher than th&at NR/ENR(60/40)/MMT-
TDMAZ2 nanocomposite while the elongation at bredk NR/ENR(40/60)/MMT-
TDMA2 nanocomposite was slightly lower than that MR/ENR(60/40)/MMT-
TDMAZ2 nanocomposite. This was due to the exfoliaddctures of the organoclay
in NR/ENR(40/60)/MMT-TDMAZ2 nanocomposite, which argpclay platelets were
throughly dispersed in the matrix. As shown in Feul.30, modulus at 100%
elongation and modulus at 300% elongation of theéwooamposites showed
insignificant change with increasing amount of EMRhe matrix.In addition, the
hardness of the nanocomposites, as shown in Figgd® also had no significant

difference.
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Figure 4.29 Tensile strength and elongation at break of namposites containing

5 phr of MMT-TDMA2.
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Figure 4.30 Modulus at 100% elongation and modulus at 300%ngaton of

nanocomposites containing 5 phr of MMT-TDMAZ2.
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Figure 4.31 shows the crosslink density of NR,REBInd NR/ENR
nanocomposite with 5 phr of MMT-TDMAZ2. The cros&lidensity of NR, ENR and
NR/ENR nanocomposites showed insignificant diffeeenThis indicated that the
crosslinking of rubber had no effect on the prapsrtof the nanocomposites.
Therefore, the increase in tensile strength of NMRENR nanocomposites with
increasing ENR content was due to the improvedacten between rubber matrix

and organoclay.
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Figure 4.31 Hardness and crosslink density of nhanocomposiesaming 5 phr of

MMT-TDMAZ2.

According to the results, blending ENR with NRgkstly improved
mechanical properties of the nanocomposites. Thas due to the exfoliated or
intercalated structures of the organolcay in thedrimaand the good interaction

between the rubber matrix and the organoclay.



Table 4.9Mechanical properties and crosslink density ofat@mposites containing 5 phr of MMT-TDMA2

Tensile Modulus Modulus Elongation Hardness Crosslink
Designation strength 100% 300% at break (IRHD) density
(MPa) (MPa) (MPa) (%) (10* mole/cnT)
NR/MMT-TDMA2 28.22 1.14 2.58 1466.42 51.08 1.8526
NR/ENR(60/40)/MMT-TDMA2 28.98 1.15 2.60 1403.40 83. 1.8398
NR/ENR(40/60)/MMT-TDMA2 30.44 1.18 2.68 1340.29 62. 1.8419
ENR/MMT-TDMA2 18.53 1.40 3.26 1150.81 53.40 1.8299

G8



CHAPTER V

CONCLUSIONS

MMT surface was modified by three different typdssurfactantsi.e. ODA,
ODTMA-Br or TDMA-Br at various contents of the sactants,.e. 0.5, 1, 2 times
clay CEC. The intercalation of surfactant molecutede MMT layers was confirmed
by the increase of interlayer spacing of organagl#étye appearance of C-H stretching
band of alkyl ammonium surfactants and the incréaskecomposition temperatures
of the intercalated surfactant.

Effect of surfactant on physical properties of N@hocomposites was studied.
NR nanocomposites containing 5 phr of the orgaryscleere prepared by a two-roll
mill. Among all the NR/organoclay nanocompositeR hanocomposites with MMT-
TDMAZ2 had the highest tensile strength and optimasarch time and cure time.
Also, XRD and TEM results revealed the exfoliatédicture of MMT-TDMAZ2 in
NR nanocomposites. This exfoliated MMT-TDMAZ2 ledgood dispersion of MMT-
TDMA platelets in NR matrix and good interactiortlseen NR and MMT-TDMAZ2.

Effect of organoclay content on physical propsrted NR nanocomposites
was studied. MMT-TDMA2 contents in the NR nanocosifes were varied,e. 1, 3,

5 and 10 phr. With increasing MMT-TDMAZ2 content t@5 phr, scorch time and
cure time of the NR nanocomposites decreased wieitsile strength of the
nanocomposites increased. In addition, XRD speafaNR nanocomposites
revealeded the exfoliated structures of MMT-TDMA® the NR nanocomposites

containing 1-5 phr of the organoclay and the irgkated structure of MMT-TDMA2
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in the NR nanocomposites containing 10 phr of thgawoclay. Therefore, the
increase in tensile strength of NR nanocompositdstive addition of MMT-TDMA2
up to 5 phr may be due to the good interfacialradton between MMT-TDMAZ2 and
NR matrix.

Effect of matrix polarity on properties of NR na&oonposites was studied.
Epoxidized natural rubber (ENR) was blended with téRmprove matrix polarity.
NR/ENR blend ratios were 60/40 and 40/60 wt%. MMDMA2 was fixed at 5 phr.

Blending ENR with NR slightly improved mechanicabperties of the nanocomposites.
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Abstract: In this work, NR/organoclay nanocomposites
were prepared. Modification of clay surface was done by
two different types of surfactants, ie octadecylamine
(ODA) and tetradecyltrimethyl ammonium bromide
(TDMA-Br). Effect of surfactant content corresponding
to the CEC of clay on cure characteristics of NR
nanocomposites were investigated using a moving die
rheometer (MDR). The characteristics of the organoclays
were also examined by an X-ray diffraction spectrometer
(XRD) and a thermogravimetric analyzer (TGA).

Introduction

Natural Rubber (NR) is considerad one of the most
widely used rubbers throughout the world. NR has
many attractive properties including low cost, low
hysteresis.  high resilience, excellent dynamic
properties, etc [1]. Typical fillers for rubber
composites are carbon black. silica, kaoln. talc. etc.
However. high filler loading must be added in order to
achieve rubber composite with desirable mechanical
properties.

Recently. layer silicate clays. e.g. bentonite.
montmorillonite, have become one of interesting
candidates for reinforcing NR [2]. The layer thickness
of a silicate clay is around 1 nm. The lateral dimension
of these layers can vary up to several microns [2]. The
most commonly used layered silicates for preparation
of polymer-clay nanocomposites is montmorillonite
(MMT) [3]. One of drawbacks of using clay as a filler
for a polymer 1s the incompatibility between
hydrophilic c¢lay and hydrophobic polymer. which
often causes agglomeration of clay in the polymer
matrix. Therefore, modification of clay surface is an
important parameter to achieve  polymer
nanocomposite. Such modified clays are commonly
referred to organoclays [4].

Normally. the modification of clay surface can be
done via ion exchange of the interlayer cations of clay
with those of organic surfactants. Ion exchange
reactions depend on types of organic surfactant and the
cation exchange capacity (CEC) of the clay. The CEC
of a clay is very important factor for producing
nanocomposite because it relates to the amounts of a
surfactant. which intercalate between the silicate layers
[3]. Organic surfactants normally used to modify clay
are alkylamine surfactants. The length and the
numbers of alkyl chains on the surfactant molecules
directly affect the ion exchange reaction.
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In this work. sodium montmorillonite clay (MMT)
was modified using either ODA or TDMA-Br. The
content of added surfactant as compared to CEC of the
clay was varied. The characteristics of organoclay
were examined. Also. effect of surfactant types and
surfactant content added to clay on cure characteristics
of NR nanocomposites were mvestigated.

Materials and Methods

Materials: Natural rubber (STR 5L) was purchased
from Thai Hoa Rubber Public Co.. Ltd. Sodium
montmorillonite clay (MMT) with cation exchange
capacity (CEC) value of 80 meq/100g was supplied by
Thai Nippon Co.. Ltd. Octadecylamine (ODA) and
tetradecyltrimethyl ammonium bromide (TDMA-Br)
were purchased from Acros and Fluka, respectively.

Clav surface modification with octadecviamine
(ODA): 100 g of MMT was dispersed mto 2000 ml of
Lot water (70°C) with continuous stirring. ODA and
cone. hydrochloric acid were dissolved into 1000 ml
of hot deionized water. with vigorous stirring. Then
the ODA solution was poured into the hot clay-water
dispersion and vigorously stirred for 2 howrs. After
that the suspension was washed several times with hot
deionized water (70°C) until water conductivity was
below 10 pS. The modified clay. called organoclay.
was vacuum-filtrated. dried at 60 °C in an oven and
ground for further uses. The contents ODA added were
equivalent to 1.0 and 2.0 CEC of the MMT. So. the
ODA modified clays were called ODAl and ODAZ2.
respectively.

Clav surface modification with tetradecyifrimethyl
ammonium  bromide (IDMA-Br): TDMA-Br were
dissolved into 3000 ml of water with continuous
stirring. Then. 100 g of MMT was added to the
TMDA-Br solution. The suspension was stirred
vigorously for 24 hours. After that the suspension was
washed several times with deilonized water until water
conductivity was below 10 pS. The modified clay was
vacuum-filtrated. dried at 60°C in an oven and ground
for further uses. The contents of TDMA-Br added
were equivalent to 1.0 and 2.0 CEC of the MMT. So.
the TDMA-Br modified clays were called TDMALI
and TDMAZ2. respectively.

NR  nanocomposite preparation: All  rubber
compounds were mixed on a two-roll mill
(Chaicharoen) at room temperature. Mixing time was
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15 min. The rotors were operated at a speed ratio of
1:1.4. The vulcanization ingredients were added to the
compound after the incorporation of clay and. lastly.
sulfur was added. The formulations of the rubber
compounds are given in Table 1.

Table 1: Formulations of rubber compounds

Material Content (phr)

NR 100 100 100 100 100 100
Zinc oxide 5 5 5 5 5 5
Stearic acid 2 2 2 2 2 2
CBS? 1 1 1 1 1 1
Sulfur 25 25 25 25 25 25
MMT - 5 - -

ODAL . -5 . .
ODA2 - - - 5° - -
TDMAL - ~ = =AY
TDMA2 - - . - - 5

*N-Cyclohexyl-2-benzithiazolesulfenamide
" ODA/CEC = 1, “ODA/CEC =2
¢ TDMA/CEC =1, *“TDMA/CEC =2

Characterization: X-ray diffraction spectrometer
(XRD) (OXFORD/ED2000) with a Cu-Ka as a
radiation source was used to characterize clay.
organoclay and NR/organoclay nanocomposites.

Thermal stability of clay and organoclays was
analyzed by a thermogravimetric analyzer (TGA)
(STD 2690, TA instrument). The sample was heated
from room temperature to 500 °C at a rate of 20
°C/min under a nitrogen atmosphere.

Cure characteristics of rubber compounds were
determined on a moving die rheometer (MDR) (GT-
M200F) at a temperature of 150 °C.

Results and Discussion
Characterization of clav and organoclays: Figure 1

and Table 2 show XRD spectra and interlayer spacing
of clay and organoclay. respectively.
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Figure 1. XRD spectra of clay and organoclays

The 1interlayer spacing of organoclays was larger than
that of unmodified clay (MMT). The interlayer spacing
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of ODA1 was slightly larger than that of MMT while
two different interlayer spacing at 1.55 nm and 3.02
nm were observed in ODA2. The results indicated the
heterogeneous 1interlayer expansion of clay with
increasing ODA content. On the other hand. TDMAL
and TDMAZ2 showed the same interlayer spacing. This
implied that the content of TDMA at 1 CEC was
sufficiently for exchanging with interlayer ions (Na.
Ca’) of clay. Therefore. cation exchange mechanism
might be dominant for the intercalation of quaternary
ammonium cation between the interlaver of the clay
[5]. In comparison between two types of surfactants.
ODA modified MMT give larger interlayer spacing
than TDMA modified MMT.

Table 2: 2 Theta (26) and interlayer spacing of clay
and organoclays

Clasiivaanactis 2 Tlotem Iut?rla)'er
(%) spacing (nm)
MMT 6.08 1.45
ODA1 5.68 1.55
ODA2 2.92.5.68 3.02,1.55
TDMAL1 4.68 1.89
TDMA2 4.66 1.90

Figure 2 and Figure 3 showed TGA and DTG
thermograms of ODA modified clay and TDMA-Br
modified  clay.  respectively. The  thermal
decomposition temperature of the clay and the
organoclays were then summarized m Table 3.

Table 3: Decomposition termperature (T4) of clay and
organoclays

Ta(°C)
Designation

Stepl Step2 Step3
MMT 96.2 - -
ODA surfactant 71.2 276.9 -
ODAl 76.9 - 401.9
ODA2 56.0 250.0 398.1
TDMA surfactant - 292.3 -
TDMAL 75.0 311.5 432.7
TDMA2 75.0 311.5 432.7

The weight loss observed at the temperature range
56.0 °C- 96.2 °C was attributed to the dehydration of
adsorbed water. In ODAIL. the ODA molecules had
strong interaction with MMT via interlayer cation
exchanged reaction and had high thermal stability. As
a result. ODA1 decomposed at the higher temperature
compared to the pure ODA. Modifying clay with high
content of ODA, the extra ODA molecules mteracted
with each other and decomposed in similar
temperature range to the pure ODA as seen in the TGA
and DTG thermogram of ODA2. In cases of TDMA
modified clays. both TDMAL and TDMA2 showed
two decomposition steps. The results can be explained
by the similar reasons as mentioned in the cased of
ODA modified clays.
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Figure 2. (a) TGA and (b) DTGA thermograms of
ODA modified clay

Characterization of NR nanocomposites: Table 4
showed scorch time (Tsl), cure time (Tc90),
maximum torque (S,,.) and minimum torque (S,;,) of
NR nanocomposites. Scorch time and cure time of
NR/MMT were longer than those of NR/organoclay
nanocomposites. This implied that both alkylamine
surfactants may behave as accelerators for NR
vulcanizing [6, 7]. In case of NR/ODA. scorch time
and cure time of NR/ODA2 were shorter than that
NR/ODAL. The result indicated that the content of

Table 4: Cure characteristics of NR nanocomposites

oy Ts1  Tc90 S S

Designation ... o)  (@Ne) (dNim)
NR 515 8.39 21.84 4.50
NR/MMT 428 813 1404 2.14
NR/ODAL 314 645 2109 2.64
NR/ODA2 2.18 5.03 27.46 3.40
NR/TDMA1 144 433 2719 363
NR/TDMA2 129 411 2710 416

Tsl = scorch time, Tc90 = cure time
Spax = Maximum forque, Sgiy = mummum torque
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Figure 3. (a) TGA and (b) DTGA thermograms of
TDMA modified clay

surfactant affected cure characteristics of NR
vuleanizate. Scorch time and cure time of NR/TDMA
were slightly decreased compared to those of
NR/ODA nanocomposites. This was probably because
TDMA was relatively fast acting accelerator for NR
vulcanization compared to ODA.

The maximum torque value (S, of
NR/organoclay nanocomposites were higher than that
of NR/clay. This indicatated the good compatibility
between organoclay and NR.

Conclusions

Surfactant content affected properties of NR
nanocomposites. Adding ODA at 2 CEC of clay gave
the highest interlayer expansion of organoclay.
Modification of clay surface with either ODA or
TDMA-Br increased the decomposition temperature of
orgnaoclays. The organoclays reduce both scorch time
and cure time of NR nanocomposites. Moreover. the
maximum forque of NR/organoclay nanocomposites
were higher than that of NR/clay.
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Introduction

Natural rubber (NR) based nanocomposites have attracted much attention since NR
products fulfil important functions in almost all areas of daily life. Asroyo er. al." have found
that mechanical properties of NR with 10 phr of organomodified montmorillonite (MMT)
were comparable with those of NR with 40 phr of carbon black. Magaraphan er. al.” and
Wibulswas® have shown that chemical structure of surfactants was an important parameter
that needs to be considered in order to use a modified clay as a filler for NR. In addition.
using epoxidized natural tubber (ENR) as a compatibilizer for NR/MMT nanocomposite
would enhance properties of the NR nanocomposites. So, this work aimed to improve cure
characteristics and tensile properties of NR/MMT nanocomposites by modifying clay surface
and adding ENR as a compatibilizer.
Experimental

MMT was surface modified by tetradecyltrimethyl ammonium bromide (TDMA) and
was called organoclay. XRD and FTIR were used to investigate the characteristic of MMT
and organoclay. 5 phr of either MMT or organoclay was incorporated into NR compounds.
The vulcanization ingredients were sulphur, ZnO, CBS and stearic acid. Moreover, the
NR/organoclay compound with the addition of 10 phr of ENR was also prepared. A moving
die rheometer (MDR) was used to investigate cure characteristics of NR compounds. All NR
compounds were cured and cut into dumbbell shape before performing tensile test.
Results and Discussion

XRD spectra of MMT and organoclay in Fig. 1 revealed that treating MMT surface
with TDMA expanded the mterlayer spacing of MMT since organoclay showed a lower angle
of the diffraction peak than MMT. In Fig. 2, FTIR spectrum of organoclay showed additional
peaks, ie 2925 2853, 1478 and 1380 cm™. compared to that of clay indicating the
appearance of TDMA on MMT surface. XRD spectrum of NR/MMT nanocomposite (Fig. 3
(b)) showed the diffraction peak of the same position as that of MMT indicating no insertion
of NR molecule into clay layer. This was due to the polarity difference between MMT and
NR. Nonetheless. XRD spectrum of NR/organoclay nanocomposite in Fig. 3 (c) showed no
indication of organoclay diffraction peak. This suggested that the NR molecules preferred
mmserting into the organoclay layers leading to an exfoliated structure of organoclay in
NR/organoclay nanocomposite. However, a rather small peak around 26 = 5.0° was observed
m the XRD spectrum of NR/organoclay nanocompoite. This was probably due to some
reagregation of organoclay layers. In the case of ENR compatibilized NR/organoclay
nanocomposites (NR/ENR/organoclay), this diffraction peak disappeared. This suggested that
the interlayer spacing of the organoclay layers in the compatibilized NR nanocomposite was
higher than that of the organoclay layers in the uncompatibilized system. This was because
the incorporation of ENR as a compatibilizer in NR matrix eased penetration of NR and ENR
molecules in between the organoclay layers leading to an exfoliated structure of
NR/ENR/organoclay nanocomposite.
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From Table I, the NR/ENR/organoclay nanocomposite showed the shortest scorch
time and cure time among the NR nanocomposites. This suggested that epoxy groups in
ENR may affect the activation/crosslinking processes via reactions with the amine groups of
organoclay and activator.* In comparison to NR. the addition of MMT into NR decreased
both S,.. and S.;, of the NR/MMT mnanocomposites. This suggested that NR was
incompatible with clay which led to weak interaction between NR and clay. However, the
Smax of ENR compatibilized and uncompatibilzed NR/organoclay nanaocomposites were
higher than that of NR. This was because the surface modification of MMT or the addition of
ENR improved compatibility between NR and MMT. Tensile strength of
NR/ENR/organoclay nanocomposite showed the highest value among the NR
nanocomposites. Moreover, M100 and M300 of NR/ENR/organoclay nanocomposite were
slightly increased compared to that of uncompatibilized NR/organoclay nanocomposite. This
evidence confirmed that adding ENR enhanced compatibility between NR and organoclay.
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Fig. 1: XRD spectra of (a) MMT Fig. 2: FTIR spectra of (a) MMT Fig. 3: XRD spectra of (a) NR.
and (b) organoclay. and (b) organoclay. (b) NR/MMT. (¢) NR/organoclay,
and (d) NR/ENR/organoclay
nanocomposites
Table 1: Cure characteristics and tensile properties of NR nanocomposites.
. ; Tensile .
Designation Beneel s Smax. Senins strength M100. M300.
= time, min | time. min dNm dNm MPa : MPa MPa
NR 551 8.84 26.52 5.08 15.54 0.88 1.97
NR/MMT 5.06 8.29 20.39 3.53 19.96 0.78 1.70
NR/organoclay 1.08 3.33 30.78 3.88 23.69 1.04 2.38
NR/ENR/organoclay 1.05 3.26 32.79 4.80 25.65 1.07 244

Spax = maximum torque. Sy = minimum torgue, M100 = modulus at 100% of elongation and M300 = modulus at 300% of elongation

Conclusions

TDMA modified MMT gave a higher interlayer spacing than unmodified MMT. The
organoclay reduced both scorch time and cure time of NR nanocomposites. In addition, ENR
enhanced the compatibility between NR and organoclav leading to the improvement of
tensile properties and cure characteristics of NR/MMT nanocomposites.
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