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A different series of polyurethane-organoclay nanocomposites were
synthesized by two ways. The first way is the in-situ polymerization which
includes intercalation of tyramine or 12-aminododecanoic acid onto
montmorillonite clay followed by addition of diol, diamine and toluene
diisocyanate. The second way is free radical polymerization of vinyl-groups-
endcapped polyurethane with vinyl-monomer-clay. The infrared (IR)
spectroscopy confirms the interaction between the polymer and silicate
layers. The XRD illustrates that the d-spacing which increased to more than
44 A since there is no peak corresponding to dgo; with small ratios of
organoclay (=5 wt-%) leading to exfoliation. While exfoliation/intercalation
was found with the higher ratios of organoclay (7-20 wt-%), since a low
intensity and broad peaks were observed. The morphological structure of the
materials was investigated. The SEM images which confirmed the dispersion

of nanometer silicate layers in the polyurethane matrix.

The presence of organoclay has led to an improvement in the
mechanical properties. Since, the tensile strength increased by 194 % with
increasing the organoclay contents up to 20% compared to the PU with 0%
organoclay. The results of tensile strength of PU/SMA/ALA-MMT
nanocomposites are higher than the corresponding PU/Try-MMT and
PU/vinyl monomer-MMT by 6-7 times. Also, it was found that the
elongation decreases with increasing the organoclay contents in case of the
two series PU/SMA/ALA-MMT and PU/Tyr-MMT, due to stiffness of the
film samples. While in case of the third series (PU/vinyl monomer-MMT) the
elongation was increased with increasing the organoclay contents, which can
be attributed to both complete exfoliation of MMT in the polymer matrix and

flexibility.



Summary



This thesis contains three main parts includes the introduction,
experimental part, and results discussion. In addition, it contains the
conclusion, references, english summary and arabic summary.

The first part, Introduction: it includes background, chemistry, structure
and uses of polyurethane. Also, it contains the types and preparation of
composite materials, and some details about PU-clay nanocomposites which
have been reported.

The second part, Experimental: it contains a complete description of the
materials, mnstruments, measurements and the preparation methods of the
interchalation of surfactant or vinyl monomer salts onto montmorillonite
clay. The preparations of PU-clay nanocomposites by in-situ polymerization
of different modified-clay with different diols and/or diamine and styrene-co-
maleic anhydride have been described. Also, PU-clay nanocomposites were
pepared via solution polymerization of vinyl monomer-MMT and acrylate
terminated PU. The formation PU-clay hybrid films and measurement of IR,
TGA, SEM, tensile strength and elongation were also, described.

The third part, Results & Discussion: it includes the data obtained
from the characterization methods that have been reported for all polymer-
clay hybrids. The characterization of the prepared materials was investigated
by different testing methods that confirm the intercalation of modifiers within
the clay interlayers as illustrated by IR spectra. The TGA of the incorporated
polymer within clay layers shows higher thermal stability than virgin
polymers. The swelling measurements in different organic solvents and water
show highly decrease or disappearance the swelling properties of PU-clay
hybrids. This may reflect the improvement in the solvent resistance of the

prepared materials. The X-ray diffraction illustrates that grafted



polyurethane-organoclay gave completely exfoliated nanocomposites with all
modified-clay. The SEM results confirm the homogenous dispersion of
nanometer silicate layers in the polyurethane matrix, i.e. the clay was
completely exfoliated in the polyurethane matrix. It was also found that the
presence of organoclay leads to an improvement in the mechanical
properties. Since, the tensile strength is increased with increasing the
organoclay contents up to 20% by the ratio 194% in compared to the PU with
0% organoclay. The results show that the tensile strength of PU/SMA/ALA-
MMT nanocomposites was high by 6-7 times than the corresponding PU/Tyr-
MMT and PU/vinyl monomer-MMT. Also, the elongation is decreased with
increasing the organoclay contents in case of the two series PU/SMA/ALA-
MMT and PU/Tyr-MMT.
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Preparation and Characterization of
Polyurethane-Organoclay Nanocomposites

Ahmed Rehab, Ahmed Akelah, Tarek Agag, Nasser Shalaby

Chemistry Department, Faculty of Science, University of Tanta, 31527 Tanta, Egypt

Nanocomposite polyurethane (PU)-organcoclay materi-
als have been synthesized via in-situ polymerization, The
organoctay is first prepared by intercalation of tyramine
into montmorillanite (MMT)-clay through ion exchange
process. The syntheses of polyurethane-~organociay hy-
brid films containing different ratios of clay were carried
out hy swelling the organoclay into diol and diamine
followed by addition of diisocyanate and then cured. The
nanocomposites with dispersed and exfoliated structure
aof MMT were obtained as evidenced by X-ray diffraction
and scanning electron microscope. X-ray diffraction
showed that there is no peak corresponding to dyg,
spacing in organociay with the rafios up to 20 wi%. SEM
images confirmed the dispersion of nanometer silicate
layers in the polyurethane matrix. Also, it was found that
the presence of organoclay leads to improvement in the
mechanical properties. The tensile strength was in-
creased with increasing the organoclay contents to 20
wt% by 221% in comparision to the PU with §% organo-
clay. POLYM, COMPOS,, 23:108-115, 2007. © 2007 Society of
Plastics Engineers

INTRODUCTION

Introducing the promising nanocompusite, which is de-
scribed as the next great new frontier of materials science,
recognized the technological development of this century,
MNanocomposites are a class of composite matertals having
more (han one solid phase with a dimension in the [-20 am
ranges in which the reinforcing phase dimensions are in the
order of nanometers [1]. Layered materials are potentially
well suited for the design of hybrid nanocomposites, be-
causc their lamellar elements have high in-plane strength,
stiffness, and a high aspect ratio.

Polymer-nanocomposites are a class of polymers rein-
forced with a small quantity (1-109% by weight) of particles
with nanometric size. The polymer-layered silicate nano-
composites with polymer chain intercalating galleries of
adjacent silicate layers to form exfoliated or intercalated,
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which represent impioved or new properties compared with
bulk polymer, have attravted much iaterest. The significam
improvement in the properties in comparision (o the unmod-
ified resin or conventional polymmer-composite with inor-
ganic fillers were observed. These properties include me-
chanical (imodulus, strength. fractuse toughness, and surtace
hardness) [2}, barriet performance 3], thermal [4], flamma-
biltty resistance {S), and solvent (o1 water) uptake [6]. To
achieve equivalent physical properties, the conventional
polymer compostte must mix with more than 30-40 wi% of
inorganic fillers suich as tale, mica. silica, and carbon black.
whereas a nanocomposite only requires the addition ot a
few percent if 1-nm thick layered silicate is well dispersed
on a nanoscale (extoliation).

The smectic clays [e.g. moatmarilionite (MMT)} and
related layered silicates are the preferred inorganic reintore-
ing materials for polymer nanocomposites for lwo important
reasons: The (irst scason is they occour ubiguitously n nature
and can be obtained 1 mincralogically pure form w low
cost. The second reason is they exhibit a very tieh mierea-
lation chemistry, which allows them to be chemically mwd-
ified and made compatible with organic polymers tor dis-
persal on a nanometer length scale. The layered clay-
polymer nanocomposites can be prepared by replacing the
hydrophilic Na' and Ca’ exchange cations of the native
clay with more hydrophobic onium iton to {form & pelvmer-
clay hybrid through two ways. The first way 1s the interca-
lation of a monomer into the clay interlayer and subsequent
heat treatment for polymerization (in-situ) |7]. The second
way is the direct intercalation of a preformed polymet into
the layered clay [§].

Since the development of nylon-6/clay nanocomposite
by Toyota researchers {91, extensive studies on polymer—
clay ninocomposiies have been investigated to obtain new
organic~inorgamic nanccomposites with enhanced proper-
des. The use of clay or organically modified clay av pre-
cursors {or preparation of nanocomposites has been studied
into various types of polymer systemis including polyamide
6 {10}, poly(olignoxyethylene methacrylate) |11}, epoxy
{12}, polypropylene {13], polyucrylamide [14], polypyrrol
PISL polysiyrene [16]0 puly(p-phenylene vinvlener {171

WY
InterScience



pelvtethylene oxidey H8L pulycaprolactone [19], and poly-
(nethyl wethacrylate) {204

Polywethanes ('Us) we one of the most interesting
classes of synthetic elastomers that have unique properties.
PU’s elastomers are a family of segmented polymers with
soft segments derived from polyols and hard segments from
isocvanates and chain extenders, They are very versatile
polymer materials and their properties can be modified by
varying the PU microstructure and by dispersing inorganic
fillers in PU matrix [21]. PUs have the advantages such as
the best abrasion resistance, outstanding oil resistance, and
excellent low-temperature fiexibility. They also exhibit the
widest variety of hardness and elastic moduli that just fill in
the gap between plastics and rubbers. However, they show
poor thermal stability and barrier property, which can be
modified by clay {22}.

In recent years, much attention has been focused on
PU-clay nanocomposites, which represent greatly im-
proved performance properties compared to the pristine PU
{23~33]. However; there also exist some disadvantages con-
cerning with thermal stability and solvent resistance properties.
So, the present work will discuss our efforts to synthesis a new
PU-MMT nanocomposites with improved thermal, mechani-
cal, and solvent resistant PU~clay nanocomposites.

EXPERIMENTAL PART

Materials

Kunipia-F, sodium montmorillonite clay (Na' O-
MMT) with cation exchange capacity (CEC) of 119
mequiv./100 g, was supplied by Kunimine Industry (Japan).
Styrene was supplied from Aldrich and used after purifica-
tion by washing with 1 M NaOH, then dried over anhydrous
sodium sulphate followed by distillation under vacuum.
Tolylene-2,4-diisocyanate (TDI) was provided by Fluka,
Germany, and having 99.5% of purity for 2 4-tsomer with
an m.p. of 21°C, was used as received. Jeffamine D-400
(Jf-400) [polyloxypropylene-diamine)] was supplied from
Huntsman (Denmark) and used after dehydrating by evac-
uation at 80°C for about 6 h just before use. Tyramine
hydrochloride (Tyr) was used as obtained from Tokyo kasei.
Poly(ethylene glycol) (PEG-1540) with average molecular
weight of 1540 was purchased from Kock-Light Laborato-
ries, England and was dried under vacuum at 80°C for 6 h
just before use. Dimethylformamide (DMF) from Adwic
(Egypt) was used afier distillation and drying over A4
molcular sieve. Ethanol (from Adwic, Egypt) was used as
obtained without further purification.

Preparation of Tyramine/Montmorillonite Organoclay !

The montmorillonite (10 g, =11.9 mequiv.) was swelled
in 350 m! distilled water overnight with slow stirring. The
tyramine hydrochloride (2.05 g, 11.82 mequiv.) dissolved in
50 ml distilled water was added slowly to the swelled

DOt 10.1002/pc
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FIG. 1. iR spectea lor organoclay I and PU-Tyr-MMT I, |

suspended clay with vigorous sticring at 60°C The sesultant
suspension was stirred overnight, The suspension was ul-
lowed 10 stand for a few hours followed by filtration through
sintered glass (G4) and finally washed by distilled water
until no white precipitate was detected on addition of
AgNO; solution to the filtrate. The product was dried at
~50°C under vacuum to yield 11.18 g of MMT-tyramine
intercalate product. The product was reweated with tyramine
by swelling in mixture of 200 ml DMF and 200 ml water
followed by addition 1 g of tyramine hydrochloride solution in
10 ml distilled water, and the procedurc was repeuted s
previously to give 11.39 g of MMT-1yramine intercalaie 1.

The characteristic propertics were investigated by infra-
red (IR} (Fig. 1); thermogravimetric analysis {TGA) (Fig.
2); calcination; elemental microanalysis, swelling data Tu-
ble 1: and X-ray diffraction (XRD) (Fig. 3.

Svnthesis of PU-Tyr-MMT Nanocomposites 11, ,

A 16 g of dry diol (PEG-1540, 10 34 mmolY and 8.3 g ol
the diamine (J£-400, 20.75 mmol} were mixed at molar ratio
of 1:2, respectively and dissolved in 24.3 g of the dned
DMF 1o give 4 solution (50% wiw of monomen/solvent)
and it was kept as stock solution.

A 0.2105 g of the organoclay I wus mixed with 8 g of the
previous stock diol/diamine solution (1.e. 4 g diol/diamine} and
stirred for 6 h 1l the mixture becomes homogenous and the
organoclay completely swelled. Using the dropping funnel.
0.6 g (0.5 m], 3.448 mmol) of TDI was added dropwise with
vigorous stirring at room temperature. The reaction muxture
was stiited for 8 h to give nanocomposite with 3 wit% organo-
clay by in-situ polymerization technique. After removing the
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adsorbed gases from the polymerization mixture, the PU-clay
nanocomposite film 1I, was formed by casting the solution in
a mold and then removing the solvent at 80°C in a vacuum
oven for 12 h to give elastic films.

A series of composite samples (IT,_,) containing differ-
ent amounts (0, 3, 5, 7, 10. and 20%) of moditied clay (I)
were prepared by the same procedure using the same diol,
diamine, and the same diisocyanate to give elastic films and
the data relevant were illustrated in Table 1.

Measurenients
Infrared spectra (IR) weie canied out on a Perkin-Elimer

1430 ratio-recording infrared spectrophotometer using the
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potassium bromide disc techniyue in the wavenumber runge
of 4000-400 cm™ .

Thermogravimetric analyses (TGA) were determined

with a Rigaku Thermo Plus 2 TG-DTA TG8120. The heat-
ing rate was 5°C/min in all cases in the emperature runge
~30-3800°C in air and under argon flow.
Calcination Measurements. A definite weight of the sam-
ple was introduced into a porcelain crucible and dried in an
electric oven at 120°C overnight, then introduced nlo an
ignition oven and the temperature was increased to J000-C
and adjusted at this temperature for S h. The loading of cach
sample was expressed as the weight loss by igmition per
100 g of the dry sample. The data of all prepared saniples
are listed in Table 1.

X-ray dilfraction (XRI) measuremeints were carried oul
using a Rigakn RINT2000 Powder-Diffractometer equipped
with a Ni-fillered Cu Ko radiation (A = 1.5418 A w
scanning rale 0.05%sec, diverget slit 0.3%). Measurements
were made for the diied product to examine the inteilayer
activity in (he composite as prepured.

Morphology of the composite was examined by a Joel
JXA-840 scanning electron microscopy (SEM) equipped
with an energy dispersive X-ray delector 1o examine the
morphology and particle size of MMT in the polymei-
MMT composites. Specimen wus deposited on double-sided
scotch tape and examined at their {racture surface.

Mechanical properties of the samples were tested with un
Instron mechanical tester [model LRSK plus (LLOYD)) at
crosshead speed of 500 mm/min. The I-shaped specimens
were prepared with 5 cm (5 X 10 “m) in length, 1 em (]
X 1072 m) in width, and 330450 um (0.33-045 x 10 *
m} in thickness. For each datum poing, five sampies weie
tested, and the average value was recorded.

The swelling degree was determined by taking a definite
weight (about 0.15 g) of the dry sample and introduced into
a small sintered glass and allowed to 1mbibe in different
solvents, such as distilled water, benzene, and acetone, for
24 h. The excess solvent was removed by gentle centrifu-
gation. The swelled sample was weighed and resuspended
in the solvent. This procedure was repeated until obtaning
on a constant weight for the swelled sample. The swelling
degree of euch sample is expressed as the amount of sorbed
solvent per 100 g of dry sample.

RESULTS AND DISCUSSION

Synthesis and Structure

The synthesis of PU-organocclay nanocomposies was
carried out through the following steps as ilustrated 1n
Scheme |: the first srep involves the modification of hydro-
philic clay 1o become organophilic and promote the absorp-
tion of organic materials used in formation of PU and
improve the pamicle~-matix interactions This step win
achieved through jon exchange pracess between sadium

.
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LGA anatysis datie

Hmmnl .uml\ sty .md \\H"IML data of PU-tvi-MMT nanocompoes I,

Calcination’ Swelhog data®

[y ait Under urgun
Chair Chur Clay  Organic
Organoclay  Temperwiure  Temperatme  yield  Temperature  Temperatte  vield  contenl  conlent  Waler  Acclone  Benrene
Run I(wite) at d-5% at d-10% (%} at d-3% at d-10%: (44 (#) (3] (G (%) (47
I, 0 - - [1X3} 271 257 790 00 100 0Ys {3 3% BRI}
I, 3 265 2719 33% 286 301 322 162 97.38  0.84 037 (411}
II, 5 262 278 4.64 293 i 1092 437 Ysel 076 048 N
i, 7 264 27 5.32 283 ann 12.45 5.28 9472 079 42 Nil
H, 1) 275 272 842 297 14 t3.16 B 15 91 63 1.5% (L16 Nil
il, 20 264 279 16.04 286 293 17.97 16 01 83 99 1 67 622 Nil

*At 1,000°C for 8 h.

PSwelling (%) = (weight of absortbed solvent/weight of dry sample) %X 100.

cation in MMT and ammonium groups in tyramine hydro-
chlotide 1, which contains functional group that can react
with diisocyanate. The calcination indicates that the {unc-
tionalization was achieved with a high degree of conversion
(88%:). The second step is the formation of PU nanocom-
posites. This step is achieved by solvation ol the organoclay
with the dio} as PEG[b)-1540 and diamine as amine-termi-
nated poly(oxypropylene} J-400. It was found that the
modified clay was first swelled in the diol and diamine at
room temperatute, and followed by addition of the diiso-
cyanate to produce the intercalated PUs IT_,. The previous
mixture was then casted in films to produce the intercalated
PUs II,_; films with different organoclay contents. The
structural composition and properties of the prepared com-
posite materials were determined by several analytical tech-
niques.

e

PP NI e
IIc
R .. np
" . 1 . ! " 1
200 4.00 6.00 8§00 1000
2 Theta
FIG. 3. XRD patiern tor organoclay 1 and PU~organoclay I
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The swelling data in Table 1 indicated thut the swelling
degrees in the polar solvents such as water and acetone are
very small or there is no swelling m the nonpolar sulvent
such as ben7zene. These data reflect that there is improve-
ment in the barrier properties of the produced matenals. It
was found that the materials adsorb very small quantity of
the polar solvents such as water and acetone in comparision
with the nonpolar solvent such as benzene, the swelling
degree followed the order water = aceione > benzene.
Also, the data show a very small increase in the waler
uptake with increasing ratio of clay, which can be atniburced
to the higher hydrophilic characters of clay.

The IR spectra of the samples were ilustwrated in Fig, |,
The spectra of modified clay I shows that the reported NH
stretch band near 3400 cm ' and NH bend band near 1645
cm™! are shifted quite substantially to regions associated
with +NH3 vibration, which facilitate the ion exchange with
MMT. A characteristic band appears at 1039, 523, and 462
cm™! for Si—O and at 3629 cm™' for OH gronp. The
quaternary ammonium group (—N ' =) shows a character-
istic band at 1518 cm™ ",

The free OH band at 3629 ¢cm ™' in organoclay I disap-
peared in nanocomposites indicating that the strong mier-
action are occurring between GH group in organoclay and

T
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T g
Tyramine o
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CH, CH, H 0]
a0
SCHEME 1. Preparation of modified ¢lay and PU-modified clay com-
posites.
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the isocyunate forming the isocyanate inkage. It is clear that
the ' NH, bund near 1630 cm™ ' in organoclay was shifted
to higher wavelength near 1690 cmn™" with nanocomposite,
which indicate that an interaction occurs between organo-
clay and the polymer. The spectra of PU 1l shows that the
absorbance that appeared at 1729 cm ' were assigned to
hydrogen-honded urethane carbonyl (C==0) and the one
that appeared at 1453 cm™" were assigned to a secondary
urcthane amide (C—NH). The spectra of the PU-organo-
clay Il shows peaks at 1728 cm™" due to the stretching of
urethane carbony! group (C==0), and at 2919 and 2864
em ™! due to the asymmetric and symmetric C—H stretch-
ing vibration. The 3309 cm™ ! peak resulted from the N—H
aroup in hydrogen honding; the main features of various
bond vibrations and hydrogen bonding of these PU-modi-
fied elay nanocomposites remained the same as that of neat
PU. These results deduce that there were no major chemical
structural changes in PU, owing (o the presence of organo-
clay.

Therinal Analysis

Thermal properties of PU-modified clay malerials were
determined by both calcination and TGA in atmospheric air
and under inert condition {argon atmospherc). The data are
summarized and listed in Table 1 and Fig. 2a and 2b. The
data and the figures show the weight loss encountered
during heating; the PU-modified clay materials were found
in the range from 84 to 97% as determined by both TGA
and calcination. It is clear that the weight loss evident in
TGA curves is nearly compatible with the calcination mea-
surements.

The TGA thermograms for the samples 11, in Fig. 2a
indicate that there are two stages of decomposition. The first
stage is the sharp and major, which involve the thermal
decomposition of the polymers present on the surfaces of
the elay layers and intercalated polymers mto the clay. The
decomposition temperature in this stage started at =260°C
and took place untul ==400°C, with the corresponding
weight loss runging from ~65 to 80%. In this slage, the
difference between the samples is very small with no order
can be mentioned. The second stage is broad, in which the
weight oss was ranging from ~17 to 22% in the tempera-
wre range ~=400°C to ~570°C. In this stage, the composites
displayed higher thermal resistance than pure polymers.
This stage was attributed to further decomposition of the
rest intercalated polymers. especiaily the polymers present
int the interlayers of the clay or some salts in the interlayer
of the clay or interval the clay mineral loses OH groups and
the crystallographic structure collapsed [4]. Generally, the
first stage appear that the composite samples were degraded
nearly at the same temperature range and slightly faster than
pure PU. This may be due to the presence of organic
residues. However, in the second stage, after complete de-
composition of the small organic molccules, all the nane-
composites show higher thermal resistance than pure PU
mairices {28}
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It was found that there are differences in the TGA
analysis under argon than in air. This was explanced fur two
teasons: the first is the presence of oxygen m an help in
increasing the rates of decomposition. The second is hagher
thermal conductivity of air than argon. which leads 10 the
slower decomposition rates under argon than inwir as itus-
trated in Table | and Fig. 2b. The data in the Table show
that the temperature ut which the samples losses S and 10%
of s weight is higher under argon than in air for all the
samples. The derivation thenmogravimewic (DTG) undw
argon for the samples II, and I1; illustrate that the maxi-
mum rate of pyrolysis was 21.15 and 20.38% per minute at
426 and 418°C, respectively. These results indicate thaut the
thermal propesties were improved with increasing the con-
tents of clay up to [0 wt% organoclay as illustrated in Fig.
2b 1 comparison with the sample with 0% clay.

XRD Analvsis

The crystal structure of MMT consists of two-dumen-
sional layers formed by fusing two silica tetrahedral sheets
o an edge-shared octahedral sheet of aluminum hydroxide.
Stacking of layers of clay particles are held by weak dipolar
or van der Waals forces [34]. XRD s a powerful technique
to cbserve the extent of silicate dispersion, oidered or dis-
ordered structure in the PU nanocomposites,

Figure 3 show typical XRD for the Na¥ “O-MMT, or-
ganoclay I, and PU-organcclay H, . The 001 reflection has
sharp intense peak at 26 = 5.82° for L. The d,,, spacing was
calculated from peak position using Bragg's law o = A/(2
sin 0). It is clear that the d-spacing for Na¥ "O-MMT (24 =
7.18°, d-spacing = 12.34 A) was increased to 15.20 A,
since onium group in tyramine through an ion exchange
process exchanges the small inorganic Na™ cation. Figure 3
presents XRD pattern for organoclay Iand a veries 11, of
PU clay nanocomposites with differeat rauos of organoclay.
The figure showed the disappeurance of the peak corme-
sponding to intercalated organoclay with all the ratios (0, 3.
5, 7, 10, and 20 wi%). This indicated that the clay was
homogeneously dispersed and completely extoliated in the
PU matrix. These results confirm that modified MMT with
diffarent percentages of organoclay leads to various degree
of the dispersion in the polymer matrix. These results are
similar to the one described using another structures in PU
nanocomposites [35]

SEM Excinination

The examination of the swrface ot the depositon-molded
samples was investigated by scanning electron microscope
(SEM). Figures 4a and 5a shows micrographs of the surface
at 9000 magunifications for the samples II, and 11, as ex-
amples. The micrographs showed a homogenous dispersion
of MMT in the PU matrix. The micrographs do not show the
MMT particies on the micron level The absence of MMT
particles indicates that the agglomerate did not veveal the
inorganic domatns at the possible mangnifivation. Al

. DOl 10.1002/pc



FIG. 4. () SEM sevogroph for PU-organoclay aanacompesite b, ()
Elemental mapping for Siof PU-otganuelay nanvcomposine My,

abseace of MMT aggregates was confirmed by an energy
dispersion X-ray probe. An image for elemmental mapping
for 5i was shown in Figs. 4b and 5b, in which the white dots
represent uniformity dispersion of Si element. The silicon
mapping shows that the mineral domains are homaogenously
dispersed in the polymer matrix,

The Mechunicat Behaviar

The mechanical hehuvior of PU-organoclay aspocom-
posites was investizated by measuring the tensile streagth
and clongation at PK,, and at break and the resols are
shown in Table 2 and Fip. 6. The data in the table show
increasing tensile styength with increasing clay conients.
The tensile strength of TL,, which contain zera percens clay,
was found 1o be 114 kglem? at PK, .. These values were
increased 10 194 kgfem? with 5% organoctay, 215 klem®
with 10% organoelay, and 221 kglem? with 20% organao-
clay. Figure 6z illustrates thal the tensile strength highly

OOt 10.1002/pc
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s matlag

FIG. S, (u) SEM microgrph Yor PU=orgunoclsy wancemnpusite 1 (0]
Elawental mapping for $i of PU-organoday nanocornpusie U,

affected by the clay cantents especiufly with the small tuios
af clay. The figure shows thal the increasing rate of wnsile
strength at PK,,., is large with sawll contents (3-5%) of
crganoclay than with the high contents, Also, the dma in
tables and figures show that tensile steength at break in-
creased with the same manuner as at PK - with the small
quantity of organoclay (3%) tollowed by gradual decrease
with increasing the orzanoclay quantities. This is due
wceeasing brittleness and the materials stort fousing theu
mechanical propenies after the point ol PK .

In contrast, the data in table illusirate that the elongation
at PK,,,., a4 a1 break (Fig. 6b) was decereased with increas-
ing clay conients, due to wereasing film strength. 1t was
found that the clongation is aearly the sume at PK_,, and
break. Alsa, the figure show the clangatian vate is kwrge with
smal} coatents (3-53%) of organoclay than with the high
contents. These data were compatible with the data obtuined
in our work on PU~aminalauric acid-montmarilionite nano-
compusites {14].
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TABLE 2 Mechanical propetties data for PU-otganoclay nanocemposues lilms 11, ,.

Load cell (MPa) Tensile stength (kgfem®) Elongaton (% )

Organoclay Thickness

Sample [ 1wi%) {pum) AL PK,,, Al break ALPK Al brenk Al PKx At hieak

My

430 0.49 046 114 1470 4145 106612
i1, 380 071 070 1821 1795 31838 3199
10, 420 082 075 194.2 1773 3062 314
1, 7 450 0 906 0.757 2013 168 2 27344 2803
1L, 1] +00 .86 163 2150 1375 1102 156
11, 20 380 184 55 22 144 7 132 254

i,

o

Force MPy x 10
“Calculated hom the refanon Tensile Snength (kg/em?’) = Ares WD) I where w s width and ¢ 15 thickaess of the film under (ot

CONCLUSION

L A scries of PU-organoclay nanocomposites were syn-
thesized by in situ polymerization using diol, diamine. and
wluene diisocyanate in the presence of montmorillonite cluy
modified with tyramine. The infrared (IR} spectroscopy
confirms the interaction between the polymer and silicate
layers. The swelling studies show that the swelling degrees
in the polar solvents such as water and acetone are very
small or there is no swelling in the nonpolar sofvent such as
benzene. These data of swelling reflect that there is im-
pravement in the solvent resistance property ol the prepared
malenals. X-ray analysis showed that the dJ-spacing in-
creased to more than 44 A, since there is no peak corre-
~ sponding 10 dy,, due 10 the homogenously dispersed and
2600 " exfoliated clay in the PU matrix. The SEM results confirm
1 the dispersion of nanometer silicate layers in the PU matnx.
Also, it was found that the mechanical properties were
e T TThE T T arT . improved due to the presence of organoclay. The tensile
Organoclay {%) strength increased with increasing the organoclay contents
(a io 20 wt% by the ratio 221% relative to the PU with O wt%
53000 - organoclay. Also, the elongation is decreased by increasing
the organoclay contents due to increasing the stiffness of the
films. ‘

22000

20600 -

1890c |-

& 00 -

b

140154 b at Break

Tensile Strength (Kg/em2)
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Polyurethane-nanocomposite materials via in situ
polymerization into organoclay interlayers
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PAT

New nanocompaosite materials based on polyurethane intercalated into organoclay layers have been
synthesized via in situ polymerization. The syntheses of polyurethane-organoclay hybrid films were
carried cut by swelling the organoclay [12-aminododecangic acid montmorillonite] into different
kinds of diols followed by addition of diisocyanate then casting in a film. The homogeneous
dispersion of MMT in the polymer matrix is evidenced by scanning electron microscope and
x-ray diffraction, which showed the disappearance of the peak characteristic to dgp; spacing. It
was found that the presence of organoclay has improved the thermal, solvent resistance and
mechanical properties. Also, the tensile strength is increased with increasing the organoclay contents
to 20% by the ratio 182% related to the PU with 0% organoclay. On the contrary, the elongation has
decreased with increasing the organoclay contents, Copyright © 2007 John Wiley & Sons, Ltd.

KEYWORDS: polymer composites; polyurethane-clay nanocomposites; polymer-layered silicates nanocomposite; polyurethane-organoclay.-

hybrids; intercalated polymers

INTRODUCTION

Nanocomposites are a class of materials, which are described
as the next great new frontier of materials science. These
materials have the solid reinforcing phase with a dimension
ranging in the order of nanometers range 1~20nm." The
layered silicates as montmorillonite are the preferred
inorganic materials for the design of hybrid polymer
nanocomposites. This, because they can be obtained in
mineralogically pure form at low cost and occur ubiquitously
in nature. Also, they exhibit a very rich intercalation
chemistry, which allows them to be chemically modified
and made compatible with organic polymers for dispersal on
a nanometer fength scale.

Since the development of nylon-6/clay nanocomposite by
Toyota rtesearchers? extensive studies on polymer/clay
nanocomposites have been investigated in order to obtain
new organic-inorganic nanocomposites with enhanced
properties. The use of clay or organically modified clay as
precursors for preparation of nanocomposites has been
studied in various types of polymer systems>"2

The polymer-layered silicate nanocomposites with poly-
mer chain intercalating galleries of adjacent silicate layers to
form intercalated or exfoliated have attracted much interest.
It was found as a significant improvement in the physical and
mechanical properties,’”® barrier performance, thermal,”
flammability resistance,’® solvent uptake,'” compared to the

*Correspondence to: A. REHAB, Chemistry Department, Faculty
of Science, University of Tanta, 31527 Tanta, Egypt.
E-mail: rehab220956@yahoo.com

unmodified resin or polymer with inorganic fillers. The
polymer-MMT nanccomposites can be prepared by repla-
cing the Na¥ or Ca™ cations of the native clay with a
hydrophobic onium ion to form organo-MMT, followed by
monomer polymerization {n situ)'® or by direct intercalation
of a preformed polymer into the organc-silicate materials.'
Polyurethanes (PUs) elastomer is one of the most
interesting classes of synthetic elastomers that have unique
properties. PUs elastomers are a family of segmented
polymers with soft segments derived from polyols and hard
segments from isocyanates and chain extenders. PUs have
the advantages, such as the best abrasion resistance,
outstanding oil resistance, and excellent low-temperature
flexibility. They also exhibit the widest variety of hardaess
and elastic moduli that just fill in the gap between plastics
and rubbers. However, they show poor thermal stability and
barrier property, which can be maodified by clay.”® They are
very versatile polymer materials and their properties can be
modified by dispersing inorganic fillers in polyurethane
matrix,”’ to meet the demands of modern technologies such
as coatings; adhesives; reaction injection molding fibers,
foams, rubbers, thermoplastic elastomers, and composites.
Recently, much attention has been focused on the
improved performance properties on PU-clay nanocompo-
sites compared to the pristine PU polymer.Z= The present
work discusses the synthesis of PU-organoclay nanocompo-
sites with improved physical and mechanical properties.
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2 A.REHABetal.
EXPERIMENTAL PART

Materials

Sodium montmorillonite clay (Na*~O-MMT), with cation
axchange capacity (CEC) of 119 mEqu/100g, was supplied
ay Coniine Industry Co (Japan) under trade name Kunipia-F.
Styrene was supplied from Aldrich and used after purifi-
:ation by washing with 1M NaOH then dried over
inhydrous sodium sulfate followed by distillation under
sacuum. Maleic Anhydride (from Merck-Schuchardt,
Sermany); 12-Aminododecanoic Acid, from Aldrich; tetraiy-
irofuran (THF) (from Fluka) and efhanol (from Adwic, Egypt)
~vere used as obtained without further purification. Tolyle-
1e-2 4-diisocyanate (TDI)] was provided by Fluka, Germany,
\nd having 99.5% of purity for 2,4-isomer with an m.p. 21°C,
was used as received. Poly(ethylene glycol), PEG-400, with
werage molecular weight 400 was obtained from WINLAB
aboratory chemicals, UK, was used dried under vacuum at
30°C for 6 hr just before use. Polylethyiene glycol), PEG-1540,
vith average molecular weight 1540 was purchase from
{ock-Light laboratories Ltd, England, was used dried under
sacuum at 80°C for 6 hr just before use. Dimethylformamide
DMF) from Adwic (Egypt) was used after distillation and
irying over A4 molecular sieve. i

>reparation of 12-aminododecanoic

icid -montmorillonite organoclay I

A 273g of 12-Aminododecanoic acid (11.9mEq.) was
lissolved in 500 ml of 0.02N HCI and added portionwise
o the swelled suspension of 10g (=11.9mEq) montmor-
llonite in distilled water with vigorous stirring at 60°C. The
esultant suspension was stirred for overnight, The suspen-
ion was allowed to stand for a few hours followed by
iltration through sintered glass (G4) and washed with
listilled water until no white precipitate was detected on
wddition of AgNQ; solution to the filtrate. The product was
iried at ~50°C under vacuum to give 12.17g of
vIMT-12-Aminododecancic intercalate L. The characteristic
sroperties were investigated by infrared (IR), thermogravi-
netric analysis (TGA), calcination; swelling data and x-ray
iiffraction (XRD).

>reparation of poly(styrene-co-maleic

inhydride), PSM, 11

A\ 10g of pure styrene (96.2mmol) and 9.42g of maleic
inhydride (96.2 mmol) were mixed and dissolved in 3ml of
etrahydrofuran with stirring then 0.2 g of benzoyl peroxide
vas added as initiator. The solution mixture was heated at
30°C with stirring for 2hr. The product was dissolved in
A-dioxane and precipitated in ethanol. The white polymer
vas filtered, washed with ethanol and finally dried
inder reduced pressure at 50°C for 12hr to give 18.7g of
:opolymer II.

IR (KBr disc): v=>3447 (C-H aromatic, stretching), 2938
CH; aliphatic, stretching), 1777, 1725 (C=0), 1449, 1396 (CH;,
xending), 1219 (C-O anhydride), 953, 922, 762, 703¢m ™
C~H aromatic, bending, aut of plane}

Zopyright ¢ 2007 John Wiley & Sons, Ltd.
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Synthesis of PU-PSM-12-aminododecanoic~
MMT nanocompaosites IIi,. .

A mixture of 20g (12,987 mmol) of dry PEG-1540, 10.39g
(25.975 mmol) of PEG-400 and 3.38 g (10% by weight) of PSM
11 was dissolved in 33.77 g dry DMF to give solution (50% w/
w of monomers/solvent).

A (0.2392g of organoclay I was mixed with 8.9g of the
previous mixture (contains 4g PEG-1540/PEG-400 with
mole ratio 1:2) and stirred for 8hr until the organoclay
become completely swelled. To the mixture a 0.6¢
{3.448 mmol) of TDI was added dropwise at room tempera-
ture with vigorous stirring, The stirring was continued for
8hr to give nanocomposite by in situ polymetization
technique with 5wt % organaclay. The PU-clay nanocom-
posite film III, was formed by casting the free air (gases)
solution mixture in a mold and then removing the solvent
under reduced pressure 80°C for 12hr.

The other samples Ill,.. were prepared by the same
procedure and conditions with different amount (0, 1, 10%
and 20%) of modified clay I and the same diols, and
diisocyanate to give elastic films

Analytical procedures

Infrared spectra (IR) were carried out on a Perkin-Elmer 1430
Ratio-recording infrared spectrophotometer using the pot-
assium bromide disc technique in the wave number range of
4000-400cm ™", :

Thermagravimetric analyses (TGA) were determined with
Rigaku Thermo Plus 2 TG-DTA T(G8120. The heating rate
was 5-10°C/min. under air and argon atmosphere in the
temperature range ~30-900°C.

X-ray diffraction (XRD) was observed from an X-ray
diffractometer, Rigaku RINT2000 equipped with a
Ni-filtered Cu-Ko radiation (A=1.5418 A) at scanning rate
of 0.3 degree per minute.

Morphology of the composite was examined by a Joel
JXA-840 Scanning Electron Microscopy (SEM} equipped with
an energy dispersive x-ray detector to examine the
marphology and particle size of MMT in the polymer-MMT
composites. Specimen was deposited on double-sided scotch
tape and examined at their surface.

Mechanical properties of the samples were tested with an
Instron mechanical tester [model DL-35/ LR5K plus
(LLOYD)] at crosshead speed of 500 mm min ", The I-shaped
specimens were prepared with 5cm (5 x 1072 m) in length,
lem (1x1072m) in width, and 330-450 pm (0.33-0.45 x
1073m) in thickness. For each datum point, five samples
were tested, and the average value was recorded.

Calcination Measurements: A definite weight of the sample
was introduced into a porcelain crucible and dried in an
electric oven at 120°C overnight, then introduced into an
ignition oven and the temperature was increased to 1000 C
and adjusted at this temperature for 5 hr, The loading of each
sample expressed as the weight loss by ignition per 100 g of
the dry sample. The data of all prepared samples are listed in
Table 1.

The sweiling déegree was determined by taking a definite
weight (about 0.15 g) of the dry sample and introduced intoa
small sintered glass amd allowad to tmbibe in dibterent
solvents {distitfed water, benzene and acetoned tw 2ihy The

Palym Adv Technol 2007, 18 -9
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% ¥ .o o excess solvent was removed by gentle centrifugation

t ig g ; ? é g The swelled sample was weighed and re-suspended in the
! o e} g~ solvent. This procedure was repeated until obtaining on a
3 8 v constant weight for the swelled sample. The swelling degree”
4 E of each sample is expressed as the amount of sorbed qolvent i
z 5 ] per 100g of dry sample. o
z »2/8888% i
4 o § SS N )
2 8 RESULTS AND DISCUSSION

i\ Synthesis and structure

p . H

i1 RSl R The synthesis of new organic-inorganic nanocomposue

12 Eg aowng materials was achieved by the intercalation of polyurethane -
@ - . : N

13 v £ - « onto functionalized montmornillonite clay through m situ

14 condensation polymerization technique. The synthesis was °

3 §° carried out through two steps as illustrated in Scheme 1- the
le 2] 4B ©— o o first step is the ion exchange process between sodium cation -
17 5 E 5 A8R8R in MMT and ammonium salt of 12-aminododecanoic amd
18 5 ® which to organophilic-MMT I. This organophxlxc-MMT >
19 contains carboxylic group to react with diisocyanate and’’ ?
20 - hence promote the interaction of organic materials used in” '
2] £ E“‘g CLERRR formation of PU and improve the particle-matrix inter-
29 B o NN NS . o T . ot -
it = actions. The calcination indicates the functionalization was
23 g achieved with a high dégree of conversion (86%). The second”’
24 E step is the solvation of the organoclay with the diols and a™*
25 < 5 g - on® solution of preformed poly(styrene-co-maleic anhvdride)’{\
26 2 5 LS S ; 2 PSM. This solvation was followed by the addition of the TDL™"
g 2 then casted in films to produce the intercalated poly-

28 urethanes II1,., films with different organoclay contents. o

24 3 4 " The structural composition and properties of the product™

3 = 5] B2 g g9% materials was determined by several analytical techniques.™

i Té B & 'f‘_’ SRR PU-organoclay samples 111, . showed very small swelling ™

32 = = ° in the polar solvents (water and acetone), but they showed no™

53 g swelling in nonpolar solvents (benzene). The affinity to water’ )

>4 E o shows very small increase with increasing the ratio of clay,”*

33 8 & «‘3 2IgaE which may be attributed to the higher hydrophilic characters' '
c () o oF AN

2 g i of clay. The swelling degree in water (0.7-1.7%), acetone ™

iz & (0.2-0.7%) and benzene (0.0-0.15%) illustrates that there are

38 s — improvement in the solvent resistance property of the "

39 g g W o em prepared materials. "'

10 § E 32zz2 The IR spectra of the samples were illustrated in Figure 1

41 = ] The spectra of modified clay I show that the NH stretch band

42 g ) at 3430cm™" and NH bend band at 1631cm™" are shifted

43 9: R s @ quite substantially to regions associated with "NH, vibration'

44 : "'%o b I g' which facilitate the ion exchange with MMT. A characteristic

+3 E: £ 81238288 % band appears at 1040, 522, and 460cm™' for Si-O; 2928,

16 @ 3 2 3 2852cm™" for CH aliphatic and at 3608 cm™" for acidic OH'

47 @ § group for I. The quaternary ammonium group (-N*=) shows

48 s x acharacteristic band at 1499 cm™". The free acidic OH band ar

44 % g =2 3608 cm™! in organoclay [ is disappeared in nanocomposxtes

B E 5| RTLSE § indicating the strong interaction is occurred between OH*

~ 2 § cesTT 3 group in organoclay and the isocyanate forming the

w2 2 7 isocyanate linkage. Comparing the *NH; band at’ £

3 < = 1631 cm™' in organoclay with nanocomposite it 1s clear that

4 _g_’ glg-meg - this band is shifted to higher wavelength at 1721 cm‘“ i

fi‘ g = ° }2 indicating that an interaction occurred between organoclay

36 *n b by and the polymer. The spectra of polyurethane I11, shows the! !

57 - © E% absorbance appeared at 1728cm™! that was assigned to’

38 2 'E' e huu -g = hydrogen-bonded urethane carbonyl (C=0), 1418cm™ toa' '™

3‘)] & SJIEEEEE|YS secondary urethane amide (C-NH). The spectra of the'f {’je

i Copyright © 2007 John Wiley & Sons, Lid. Polym Adv Technol 2007, 18 1-9
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Figure 1. IR spectra for arganaclay L copolymer Il and
PU-organoctay g c o

Copynght « 2007 John Wiley & Sons, Lid.

A ———————r g e e .. - . R,

5O on.{ ;

CH;

{ 1}1 I;J*ﬁ'—*O-(CH:CH;O)m-C—NH
j l - O H HO

Scheme 1. Preparation of modified clay § poly(styrene-co-maleic anhydride) PSM H and

Hlg e ;

-1

synthesized PU/modified clay show Il peaks at 1719cm
that caused by the stretching of urethane carbonyl group (C=
0),and 2921 and 2862 cm ™! that attributed to the asymmetric
and symumetric C-H stretching vibration. The peak at
3425cm™! resulted from the N-H group in H-bonding.
The main features of various bond vibration and H-bonding
of these PU-clay nanocomposites are remained near as in the
pure PU. These results confirm that there were no major
changes in the chemical structural of PU with the dispersion
of organoclay in the polymer matrix.

Thermal analysis
Thermal properties of polyurethane-organaclay compounds
were determined by TGA under argon atmosphere, in air
and calcination, The data are summarized and listed in
Table 1. The data TGA show the weight loss encountered
during heating the PU-clay materials in the range 86%-97%
in air and 91%~78% under argon atmosphere. While, the
calcination measurements show that the weight loss ranged
from 100% to 86%. It is clearly that the weight loss evident in
the calcination measurements is nearly compatible with the
TGA data. i

The thermograms of the samples IlI,., were illustrated
Figure 2, which indicate that the thermal decomposition
takes place in two stages. The first stuge is the sharp and
wmajor, which invelve the thermal decomposition of (he
pulymiers prosent on the surtaces of the layers ofthe clay The

Polym Ay Fechnpl 200718 1 9
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000 r siion temperature in this step started from =290 C to
{ 425 C due to the thermal decomposition of the polymers®
) present on the surlaces and the intercalated in the layers of
N -20.00 | the clay. This step followed by a gradually and very smooth’
4 and very low weight loss, which may be due to the losses of' *
g ’ OH groups of the clay muneral and the crystallographic
o € 00k structure collapsed, or to the further decomposition of some’ °
7 - salts in the interiayer of the clay.! The difference in the TGA'
& é I analysis under argon than in air can be explained for two'
9 . reasons: (a) the presence of oxygen in air help in the'™
W g ooor decomposition fast; (b) the higher thermal conductivity in air: :
i L than in argon leads to the slower decomposition rates under *
12 argon than in air as illustrated in Table 1. The temperature at -
11 "60.00 [ which the samples losses 5% and 10% of its weight 1s higher
4 e under argon than in air for all the samples. These results
3 e indicate that the thermal property was improved with
16 -100.00 L . 1 bt L increasing the contents of clay in air and under argon
17 0.00 200.00 400.00 600.00 £00.00

Temperature ( C} .

15 XRD analysis )
19 Figure 2. TGA thermograms for the PU-organoclay samples XRD is powerful technique to observe the extent of silicate
B, in air dispersion, ordered or disordered structure in the poly-
21 urethane nanocomposites. Since, the crystal structure of
22 MMT consists of two-dimenstonal layers formed by fusing”
23 decomposition temperature in this stage was started at two silica tetrahedral sheets to an edge-shared octahedral”
24 ~270°C and take place to ~400°C, which corresponding the sheet of aluminum hydroxide. Stacking of layers of clay\l’
25 weight loss ranged from 265% to ~75%. In this stage, there is particles are held by weak dipolar or Vander Waals farces *'™
26 no order can be mentioned between the samples since the Figure 4 shows typical XRD for the organoclay [ and”
27 difference is small. The second stage is a broad, in which the PU-organoclay Il..g. The dgo; spacing was calculated from”
s weight losses ranging from =20% to ~25% in the tempera- peak positions using Bragg’s law d=1i/(2 sind). The™"
M ture range ~400°C to ~650°C. In this stage, the samples d-spacing for Na-MMT is increased from 1234A°
W displayed higher thermal resistance than pure polymers. (20=7.18") to 1824A (20=485° since the small”
3 This stage is attributed to the further decomposition of the inorganic Na* cation is exchanged by the ammonium group‘}l‘a
32 rest intercalated polymers present in the interlayer of ¥
33 the clay, or to the losses of OH groups of the clay mineral r
?’f and the crystallographic structure collapsed or to the losses 3 )
¥5 of some salts in the interlayer of the clay.® The thermal 5
36 decomposition of samples 1II,.. under argon atmosphere, -
j; Figure 3, is occured in one step and sharp. The decompo- t
N b
39 F
40 oo L '
a1 F
42 s !
13 -20.00 | E
44 [
15 . v
6 £ o0} :
78 | [
48 = s
9 g sano L Na-MM1
30 [ 3
Bl [ r
32 5000 - e i He
7 e :
34 Ita -|I.ALL_..l.,u,,..,“.,LL.J,.nl...i_:n;AA:
bl - :
A6 -100-02.00 ISDI.OO 30;.00 lSO‘jOO ' 60(;.00 75;00 - 90(;.00 2 3 4 5 6 7 & 9 10 e
fii’ Temperaure { €} 20/° ]
38 Figure 3. TGA thermograms for the PU-organoclay sampies Figure 4. XRD pattern for Na-MMT, organoclay | and'™
59 i, under argon atmosphere. PU-organociay sampies lle.e.

Copyright 3 2007 John Wiley & Sons, Ltd.
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of 12-aminedodecancic acid through an jon exchange
process. Figure 3, 2iso presents a series of XRD pattern
corresponding to polyurethane-clay nanocomposites [l .4
‘ with ratios 5%, 10%, and 20% of organoclay I. This figure
showed the disappearance of the peak corresponding to
intercalated organoclay with all the ratios, which corroborate
that the clay was homogeneous dispersion and completely
exfoliated in the matrix of polyurethanes. Also, these results
confirm that the different percentage of organoclay leads to

i

"y

PAT

high degree of the dispersion in the polymer malrix, as
described by another author.’?

SEM examination

The microstructure of the nanocomposites was examined by
studying the change in the morphology of the MMT with
scanning electron microscope (SEM). The examination of the
surface of the deposited samples did not reveal the inorganic
domains at the possible magnification. Figures 5a and

B Figure 5. a: SEM imago of PU-organoclay sampiolll,. b: Elemontal magping for SI

of PU-organoclay nanocomgposita lll..

Capyright ¢ 2007 John Wiley & Sons, Lid.
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Figure 6. a: SEMimage of PU-organoclay sampie [{f.. b: Elemental mapping for Si
of PU-organociay ranocompasite .

Figure 6a show the micrograph of the samples Il at 5000
magrifications, which indicates that, the ionic bonding leads
to adherence between the polymer and clay, and there jis no
mineral domains could be seen. This indicates that the
agglomerates of mineral domains are broken down to the
elementary particles and are homogencusly dispersed in
the polymer matrix to produce intercalated and/or
exfoliated nanocomposites. Also, the absence of MMT
aggregates was confirmed by an energy dispersion x-ray

Copyright & 2007 John Wiley & Sons, Ltd.

probe. An image for elemental mapping for Silicon {Si) was'
shown in Figures 5b and 6b, in which the white dots

represent uniformity dispersion of Si element. The Silicon”'

. - . '
mapping shows that the mineral domains are homogenously
|

dispersed in the polymer matrix.

The mechanical behavior
The mechanical behavior of PU-organoclay nanocom posites
was investigated by measuring the tensile strength anc

Polymni. Adv, Technel. 2007, 18: 1-4
DO 1 1002/ pat
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Table 2. Mechanical properties data for PU-PSM-ALA-MMT nanocomposites films 1V,
i

e

i

Load cell (M. Pa)

Tensile strength

(Kg/em?® Elongation (%)

Film
Thickness (um)

Organoclay

f Sample Contents (%) At PKinax

At break At PKpax At break At PKnax At break

o 1L, 00 450 354 e
- L 1 380 3.67
© I, 5 360 4.00
8 g 10 140 538

9 1, 20 330 471

342 787 760
3.09 966 813 285.6 296.5
292 1nn 811 180.0 1890
3.30 1223 750 84.1 90.0
1.99 1427 603 182 235

3118 348.0

:(g Calculated from the relation Tensile Strength (Kg/em?) =

) : . l.mu(wx!}
! fWhere w is width and t is thickness of the film under test.

2
11
54

elongatlon at PKax and break as illustrated in Table 2. The

‘(’data show increasing the tensile strength with increasing the
clay contents. Since the tensile strength of 111, (787Kg/cem?

3z’at PKna) was increased to 1111Kg/cm? for I, with 5%

rganoclay, and to 1223Kg/cm for Iy, with 10% organo-

20 lay; and to 1427Kg/em® for 11l with 20% organoclay.
‘anure 7 shows that the tensile strength is highly affected by
the contents of the clay, the rate of tensile strength at PKjax is
Targely increased at the small contents (1-5%) of organoclay
}than at the higher contents. Thus, the tensile strength at break
%s increased at small quantity of organoclay (~5%) followed

"“ny gradual decrease with increasing ther organoclay
quanhtxes This may be due to increasing the hardness
and the materials start to loose the mechanical properties

Tatter the points of PKpay.

' The data of elongation in Table 2 illustrate decreasing the
elongauon at PKnax and at break with increasing the clay
contents, due to increasing the film strength. Figure 8 shows
“also that the decreasing rate of elongation is higher with
tsmall contents (1-5%) than with the high contents of
organoclay These results are similar to the data obtained

'€’n the PU-tyramine-clay nanocomposites,” which indicate

“that the tensile strength of PU/SMA/ALA-MMT nanocom-
"posxtes is higher 6~7 times than the corresponding to PU/
’T yr-MMT.

[ ]

140000 |

L2

at PKmax

b

200,00

Tenste Strength (Kg/cm2)

—
s

1000.00

B
a2
i BOD.00 4
=3 1 at Break
33 s
25
. 600,00 |~
Y 1 ot 1 1 i ]
A7 0.00 4,00 8.00 12,00 16.00 20.00

Organaclay (%)

“'Figure 7. Tensile strength for PU-SMA-ALA-MMT samplos.

-
Copynght ¢ 2007 John Wiley & Sons, Ltd.

ey

L
300.00
250.00
200.00

150.00
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100.00

50,00

[ e}

0.00 e, A " 1. e

0.00 4.00 8.00 12.00
Organoclay (%)

16.00 20 00

Figure 8. Elongation for PU-SMA-ALA-MMT samples.

CONCLUSIONS

A series of polyurethane-clay nanocomposites were pre-
pared by in situ polymerization using different kinds of diols
and toluene diisocyanate in the presence of montmorillonite
clay modified with 12-aminododecanoic acid. The infrared
(IR) spectroscopy confirms the interaction between the
polymer and silicate layers. X-ray analysis showed that
the d-spacing was increased to exfoliated layers, since there
are no peaks corresponding to dom. The morphology of the
prepared samples was investigated by SEM, which confirms
the dispersion of nanometer silicate layers m the poly-
urethane matrix. It was found that the presence of organoclay
leads to improvement in the mechanical properties, since the
tensile strength is increased by the ratio 181 % with increasing
the organoclay contents to 20%. The elongation was also
decreased with increasing the organoclay contents, which is
attributed to increasing the stiffness of the film samples. The
swelling measurements show that there are improvements

_in the solvent resistance of the prepared materials. The
tensile strength is higher 6-7 times of PU/SMA/
ALA-MMT nanocomposites more than the coreesponding
PU-Tyr-MMT

Polym Adve. Techmal 2007, 18 -9
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