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This paper deals with the preparation of organoclays by intercalating poly(ethylene glycol) molecules
(PEG) between Na montmorillonite (Na-MMT) layers in a clay-water suspension system. X-ray diffraction
(XRD) results of organoclays revealed that galleries of MMT were expanded after their intercalation with
three different low molecular weight PEGs, including PEG600, PEG1000 and PEG1500. Thus, the distance
of the interlayer spacing of MMT, d = 1.38 nm, was increased to d =1.72, 1.75 and 1.69 nm, respectively, in
the organoclay samples. The results of Fourier transform infrared spectroscopic (FTIR), thermogravimet-

ﬁiﬁzg;ﬁ;osite ric (TG) and scanning electron microscopic (SEM) analyses supported the findings of XRD and implied
Organoclay that the clay mineral mainly lost its hydrophilic character and gained organophilic features. The organ-
Polyurethane oclay samples also presented improved thermal stabilities. In addition, polyurethane rigid nanocomposite
PEG foams composed of 2% organoclays were synthesized, and the effects of the organoclays on the thermal
XRD and mechanical performance of the nanocomposite foams were investigated.

DMA © 2010 Elsevier B.V. All rights reserved.

1. Introduction

Polymer-clay nanocomposites are prepared by dispersing lay-
ered clay minerals into polymers. As a new class of polymers,
they have drawn considerable attention due to their significantly
enhanced properties compared to traditional polymers, such as
heat and flame resistance [1-4], mechanical strength [5,6], gas bar-
rier resistance [7-10], thermal stability [11-13], biodegradability
[14,15] and ionic conductivity [16,17]. Some of these nanocompos-
ites are now applied commercially in automotive (e.g., gas tanks,
bumpers, interior and exterior panels), construction (e.g., build-
ing sections and structural panels), aerospace (e.g., flame retardant
panels and high performance components), electrical (e.g., elec-
trical components and printed circuit boards), and beverage and
food packaging applications, as well as in protective coatings and
adhesive molding compounds [18-25].

The ultimate aim of fabricating high performance polymer-clay
nanocomposites is to separate and disperse individual anisotropic
clay particles within the polymer matrix. In the manufacture of
polymer-clay nanocomposites, an extensively used clay mineral
is montmorillonite (MMT). However, MMT is not compatible with
hydrophobic polymers due to the cohesive forces of the clay
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particles; therefore, chemical modification techniques have been
applied to give the clay organophilic character while expanding
the clay layers as much as possible prior to the nanocomposite
manufacture [26,27]. Commercially available organophilic clays are
widely produced by the exchange of metal cations in MMT galleries
with organic ammonium salts [28]. The organoclays prepared with
organic ammonium salts are not very suitable for some engineer-
ing applications like melt processing, since they undergo thermal
degradation above 170-180°C[29]. For that reason, research inter-
est has shifted toward the use of thermally stable organic modifiers
such as phosphonium or imadazolium salts in organoclay produc-
tion [30-32]. The latter chemicals do have some disadvantages, i.e.,
low solubility in water and high cost, and this limits their penetra-
tion into the organoclay market [33].

Polyethylene glycols (PEGs), also referred to as poly-
oxyethylenes, are composed of repeating dimethyl ether chains
with hydroxyl ending groups, HO-CH,-(CH,-0-CH,-),—CH,-0H,
and accordingly possess dual features of water solubility and
organic solubility. They are well-known nonionic surfactants that
are chemically and thermally stable, biodegradable, non-toxic,
non-corrosive and inexpensive [34,35]. The adsorption behavior
of PEG with MMT in aqueous and melt systems has been reported
to operate through different mechanisms. One mechanism sug-
gests the major driving forces for PEG adsorption on smectite as
hydrophobic interactions between —CH, chains and silica layers
and hydrogen bonding between the ether oxygen atoms of PEG
and -OH groups [36,37]. The other mechanism suggests that
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Table 1

Chemical compounds used in preparation of the organoclay (OC) samples.
Chemical agent IUPAC name Molecular formula Structural formula Molar mass Function in

(gmol1) reaction
SDS Sodium salt of 4-dodecylbenzene CH3(CH3 )11 C¢H4SO3~Na* 348.49 Anionic surfactant
sulfonic acid 0\\ _O"Na* for d}sper51r?g the
S clay in colloidal
@L\/\N\/ e

PEG600 (n=4) Poly (oxy ethylene) HO-CH,-(CH,-0-CH,-),,-CH,-OH 570-630 Intercalants in
PEG1000 (n=5-7) 950-1050 organoclay
PEG1500 (n=8-9) 14,001,600 production

OH OH
O/ %/
n

Average chain length

n=41.738nm
n=62310nm
n=93.168 nm

the adsorption is an entropy-driven process [38]. A number of
researchers have studied the melt intercalation of high molecular
weight PEGs, 20,000-400,000 g mol~1!, in MMT and have succeeded
to some extent at intercalating and exfoliating MMT nanocompos-
ite structures [26,34-46]. The comparison of melt intercalation
with solution intercalation was studied, and the clay galleries
expanded from 0.47 to 0.83 nm following both melt intercalation
and solution intercalation [39]. Research on the use of PEGs in
both melt and solution intercalation processes for MMT has been
extensive [47,48] and still requires attention to develop effectively
intercalated and thermally stable new organoclay products using
PEGs, which may be of interest in the current market.

In the present study, we aimed to develop organoclays by
intercalating PEG molecules into Na-MMT minerals in a colloidal
dispersion, as well as to synthesize polyurethane rigid nanocom-
posite foams incorporated with the modified organoclay by in situ
polymerization of 1,3-propanediol and toluene-2,4-diisocyanate.
Herein, relatively small molecular weight PEGs - PEG600, PEG1000
and PEG1500 - were used in the organoclay production. In addition
to structural and thermal characterization of the organoclays, their
actual contribution to the thermal and mechanical performance
of the polyurethane rigid nanocomposite foams was also exam-
ined. The organoclays and polyurethane nanocomposites were
characterized by X-ray diffraction, Fourier transform infrared spec-
troscopy, thermogravimetry and scanning electron microscopy
integrated with an energy dispersing spectrometer.

2. Experimental
2.1. Materials

Na-MMT, named Nanocor® (NC), was purchased from AMCOL
Int. Company. Specific gravity of 2.6, aspect ratio of 200-400, pH
(5% dispersion) of 9.5-10.5 and cation exchange capacity (CEC)

Table 2
Chemical compounds used in the polyurethane foam production.

of 145 cmolkg~! were the listed physical properties of NC [50].
The particle size distribution of NC was measured with a Malvern
Mastersizer 2000 at a 2.40 pm wavelength. The mean diameter
was found to be 1.41 wm, and 90% of the particles were less than
2.81 wm. The materials and chemical reagents used in both the
organoclay (OC) preparation and polyurethane (PU) production
processes are summarized in Tables 1 and 2. The technical grade
chemicals used in the experiments were obtained from Merck Co.

2.2. Preparation and characterization of the organoclay samples

Initially, 18 g of Na-MMT (NC) was mixed with 100 mL of 0.14 M
SDS (aq.) at 1000 rpm for 60 min while keeping the temperature
at 80°C. Next, 30 wt% PEG was added to the colloidal dispersion
and stirring was performed at 1500 rpm for the next 120 min. The
PEG concentrations achieved were 500 mM of PEG600, 300 mM of
PEG1000 and 200 mM of PEG1500. At the end of the organophilic
modification, swollen colloidal samples were obtained.

The system was cooled to ambient temperature and then
processed in a laboratory-type ultrasonic processor (Hielscher
UP400S) for 30 min with an acoustic power density of the applied
ultrasonic energy of 460 W cm~2, amplitude of 210 wm and period
of 0.8s. The solid phase was then separated by centrifugation,
washed and vacuum filtered. Finally, the obtained filter cake was
vacuum dried at 65°C for 8 h. The OC samples, namely OC600,
0C1000 and 0C1500, were ground with ultrasonication for 15 min
under the conditions given above. The powdered samples were
stored in closed plastic containers under ambient conditions.

The changes in the structure of MMT after organic modification
were examined with a SHIMADZU XRD-6000 X-ray diffractome-
ter (XRD) using Cu Ko radiation at a wavelength of 1.5405 A.
The applied voltage and current values were 40.0 kV and 30.0 mA,
respectively. X-ray diffractograms were obtained at a scanning rate
of 2.0000° min—1, whereas the 26 angles ranged between 2.0000°

Chemical agent

IUPAC name

Molecular formula

Molar mass (gmol—')

Function in reaction

TDI
Polyol
DABCO

Stannus octoate
Silicone oil
Methylene chloride
Water

MDI

4-Methyl-m-phenylene diisocyanate

1,3-Propanediol
Triethylenediamine,

1,4-Diazabicyclo[2.2.2]octane

Tin 2-Ethylhexanoate

Dicloromethane

Diphenylmethane 4,4-diisocyanate

2,4-(NCO),CsH35CH3 174.16 Monomer
HO(CH;)3;OH 76.1 Monomer

CeH12Ny 112.18 Catalyst
[CH3(CH;)3CH(C,H5)COO]>Sn 405.10 catalyst

- - Surfactant/stabilizer
CH,Cl, 84.93 Blowing agent

- - Blowing agent
C15H10N202 250.26 Hardener
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Fig.1. (a) The major polymerization reaction between 1,3-propanediol and TDI and (b) the suggested interaction between TDI and PEG chains in OCs during PU nanocomposite

foam synthesis.

and 70.0000° with a step scanning speed of 0.0200° s~!. The amount
of each sample was constant at 250 mg. To identify the chemical
structure of the organoclays, the infrared transmission spectra of
the specimens dispersed in KBr pellets were acquired on a Perkin-
Elmer Fourier transform infrared spectrometer (FTIR) in the range
of 4000-450cm™! at a resolution of 4cm~!. Thermogravimetric
(TG) analyses were carried out with a Perkin-Elmer Pyris 1 TG.
Approximately 15.0 mg samples in alumina crucibles were heated
from 20 to 900°C under nitrogen flowing at 50 mLmin~'. The
heating rate was 10 °Cmin~"'. Scanning electron microscopy (SEM)
and energy dispersive spectroscopy (EDS) of the samples were
performed on a JEOLJXA 840A type EDS connected to an SEM instru-
ment. For preparation of the SEM samples, approximately 0.01 gofa
dried powdered clay sample was placed on standard mounts 15 mm
in diameter and 2 mm in depth under a vacuum and then coated
with a 1-2 nm thick conductive layer of gold to prevent charging
prior to imaging.

2.3. Synthesis and characterization of PU-OC nanocomposite
foams

The second part of the experimental work deals with the manu-
facture of four different polyurethane nanocomposite foams, each
containing 2wt% OC or NC. The produced nanocomposite rigid

foams were labeled as PU (control), PUNC (including 2 wt% NC),
PUOC600 (including 2 wt% OC600), PUOC1000 (including 2 wt%
0C1000) and PUOC1500 (including 2 wt% OC1500).

For production of the nanocomposites, 420.5mmol of 1,3-
propanediol and 2 wt% OC (or 2 wt% NC) were mixed and stirred
at 1100 rpm and 20°C for 45 min in 75 mL plastic containers. While
stirring, 91.9 mmol of TDI and 0.14 g of silicone oil were added to
the polyol-clay mixture. Then, 0.012 g of DABCO and 0.036g of
stannus octoate were added as catalysts. The polymerization was
carried out with constant stirring for 10 min. Finally, 0.2 g of MDI,
1 mL of methylene chloride and a few drops of water were added
into the polymer mixture to finish the reaction. Foaming occurred
with a violent exothermic reaction. The foam samples were allowed
to cure for 1 week at room temperature. The major polymeriza-
tion reaction of PU is given in Fig. 1a, and the interaction between
PU-0OC in the nanocomposite structure is suggested to be as shown
in Fig. 1b.

PU nanocomposites were examined by TG and SEM-EDS under
the conditions detailed above. To determine the effect of OC on
the compression behavior of the PUOC nanocomposites, PU (con-
trol) and PUOC600 were tested on a METTLER TOLEDO dynamic
mechanic analyzer (DMA/SDTA861) using the large compression
module with an applied force (F) that ranged from 1 to 10N at 1 Hz
and 25°C.
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Fig. 2. X-ray diffraction patterns of (a) NC, 0C600, 0C1000, OC1500, (b) PEG1500,
(c) SDS and (d) all samples for 26 =2.00-10.00°.

3. Results and discussion
3.1. XRD results of OC samples

Fig. 2a and d shows the typical reflections obtained from the X-
ray diffraction patterns of NC, 0C600, OC1000, OC1500, PEG1500
and SDS. NC gave the four strongest reflections at 20 angles of
6.38°,19.92°,26.66° and 35.02°, corresponding to the characteristic

reflections of the MMT mineral [26,27]. The reflection at 20=6.38°
indicated that the interlayer spacing between the {001} planes of
NC was d=1.38 nm. This reflection shifted to 26=5.12°, 5.06° and
5.22° in the X-ray diffractograms of OC600, OC1000 and OC1500,
respectively; therefore, the corresponding interlayer spacings were
increased tod=1.72,1.75 and 1.69 nm, respectively, which was evi-
dence of the successful intercalation of MMT with PEG molecules.
Together with the shifting, a broadening took place in the diffrac-
togram of OC600 between 260 =4.54° and 7.35°, and the reflectance
at 20=7.88° (dgg3 =1.12 nm) observed in the pattern of NC moved
to 20=7.35° (dgp2=1.21nm) in that of OC600, implying strong
interactions between the intercalating molecules and the clay gal-
leries [49].

The XRD pattern of PEG1500, which showed three main
reflections at 19.31° (d=0.46 nm), 23.43° (d=0.38 nm) and 26.71°
(d=0.33 nm), was different than that of OC1500. In fact, the typical
reflections of PEG chains [35,36] in the PEG1500 X-ray diffrac-
togram did not appear as individual reflections in the XRD of
0C1500. This indicated that the adsorbed or free PEG1500 on the
clay surface was negligible, and that the polymer chains in the
montmorillonite galleries were mainly intercalated while the crys-
tallization of the PEG molecules in OC1500 was hindered [43,44].
The XRD pattern of 0C1000 mostly overlapped with that of OC1500,
signifying similar structural changes.

Moreover, the changes in XRD patterns of all of the OC samples
between 26 = 18.00° and 40.00° indicated the intercalation of MMT.
The significant intensity decreases and slight shifts in the typical
MMT reflections at 260 =19.92°, 26.66°, 28.72° and 35.34°, observed
as broadening in the organoclay patterns, were also attributable
to delamination and disorientation of clay platelets [35,40]. On
the other hand, several reflections in the XRD pattern of OC600
at 20=2.45° and between 26 =20.00° and 25.00° were most likely
due to the existence of residual SDS in that particular sample.

3.2. FTIR results of OC samples

Fig. 3a and b illustrates the spectra obtained from FTIR analyses.
The asymmetric stretching vibration (v3) of structural -OH groups
in MMT at 3630 cm~! shifted to 3622 cm~! in the spectra of OC sam-
ples, indicating a decrease in O-H bond strength upon intercalation.
Bending in plane vibrations of —OH groups (v,), characterized by a
broader band, were slightly shifted from 1642 to 1640-1639 cm™!
as aresultofadecrease in the number of -OH groups. Moreover, the
broad band observed at 3436 cm~!, corresponding to the overlap-
ping symmetrical stretching vibrations (v;) of both structural and
free ~OH groups, was shifted to 3449-3446 cm~!, which was due
to the bonding of -CH,—(CH,-0-CH;)-CH, - chains with Si-O-Si
and Al-O-Al sites [27,39,42].

Bands at 2921 and 2853 cm~!, due to stretching vibrations of
-CH, groups in the PEGs, also appeared in spectra of the OC sam-
ples. A ~CH; bending band at 1467 cm~! and —CH rocking band at
1351 cm! from the PEG chains were also noted as distinct peaks
in the spectra of 0C600, OC1000 and OC1500. The peaks at 1298,
1108 and 952 cm~! were related to C-O-C stretching vibrations of
ether groups in the PEG chains, and overlapped with the stretch-
ing vibrations of Si—-OH or AI-OH groups in MMT, which resulted
in peak broadening. The IR peaks of NC observed in the range of
1039-467 cm~! were assigned to the stretching and bending vibra-
tions of Si-0-Al, Si-0-Si and Al-O groups in MMT. These bands
became remarkably broadened in the spectra of 0C600, OC1000
and OC1500. The Si-O-Si out of plane stretching peak of NC at
1039 cm~! was shifted to 1044 cm~! in the spectra of all OC sam-
ples, which was attributed to alteration of the environment of the
Si—-0-Si groups due to the presence of organic chains as a result of
the intercalation of PEG molecules [36,37,46].
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Fig. 3. FTIR transmission spectra of (a) NC, 0OC600, 0C1000, 0C1500 and (b) PEG600,
PEG1000, PEG1500.

3.3. Thermal analyses of OC samples

TG curves and the corresponding derivative curves (DTG) of PEG
molecules and NC, OC600, OC1000 and OC1500 are presented in
Fig. 4a and b. In these graphs, the thermogravimetric behavior of
organoclay samples and the materials used in their production are
given. Thus, the mass loss percentages and their rates are plotted
against temperature for comparison.

The thermal analysis of NC demonstrated the typical behavior
of Na-MMT [51]. The dehydration of water molecules adsorbed in
pores and clay galleries took place within the temperature range
from room temperature to 300°C, such that the first endothermic
peak appeared at 85 °Cin the DTG graph of NC, and the correspond-
ing mass loss was 12% at about 110 °C. Above this temperature up
to 300°C, the mass loss decelerated greatly and stopped at 14%.
Furthermore, there was no significant mass loss between 300 and
500°C. The thermal degradation accelerated again after 500 °C and
continued up to 850 °C, which was related to the dehydroxylation
of —~OH groups bonded to the octahedral AlI3* and tetrahedral Si**
groups of the MMT [24]. The following step was associated with the
destruction of the mineral structure. The residue at 850 °C was 82%.

PEG600, PEG1000 and PEG1500 displayed very similar ther-
mogravimetric behaviors upon heating. In general, their thermal
decomposition mostly occurred in the range of 275-435°C, with a
maximum at 420 °C. For PEG600, the mass loss was initially rapid,
probably because of the presence of more hydroxyl groups in the
structure, which was similar to the behavior observed by FTIR anal-
ysis (see Fig. 3b).
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Fig. 4. Thermogravimetry results of PEGs and organoclay samples: (a) TG curves
and (b) DTG curves.

The thermal degradation of OC samples differed significantly
from that of NC in the temperature range from 25 to 300°C. The
dehydration peaks disappeared in the DTG graphs of OC sam-
ples, and the mass loss in each TG graph was reduced to 4% at
110°C. These findings implied a conversion from hydrophilic to
organophilic character in the structures of OC600, OC1000 and
0C1500. PEG molecules, intercalated in the galleries, appeared to
degrade mainly in the range of 180-270°C, where the maximum
mass loss rates occurred at 210, 218 and 237 °C, respectively. At the
end of this step, the mass loss percentages of 0C600, 0C1000 and
0C1500 were 30, 18 and 22%, respectively. In the following steps
from 300 to 500°C, as well as from 500 to 850 °C, the TG curves of
OC samples tended to follow paths more or less parallel to that of
NC, indicating the inorganic character of the residues. Moreover,
no peak was observed in the DTG curves of OC samples related to
possible free surface PEG molecules. This attainable thermal sta-
bility of OC samples suits the conditions required in many polymer
composite manufacture routes [23]. Residues at 850 °C, roughly 60%
for 0OC600, 76% for OC1000 and 72% for OC1500, were also distinc-
tive, explaining the permanent structural modifications of the clays,
although they retained their inorganic character.

3.4. Surface characteristics of OC samples

The surface morphologies of NC and OC specimens were exam-
ined based on SEM photographs. The sphere of distinct grains of NC
shown in Fig. 5a disappeared in OC samples, as shown in Fig. 5b-d.
Lateral displacements of silicate layers were quite prominent, and
individual flakes with different aspect ratios were partially sepa-
rated or distributed randomly.
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Fig. 5. SEM photographs of NC and OC samples (magnifications 10,000x; 20kV): (a) NC, (b) 0C600, (c) 0C1000 and (d) OC1500.

3.5. Measured properties of PUOC nanocomposite foams 120 7 T2

e s L0

The TG-DTG analyses of all PU foams exhibited four decomposi- 100
tion steps. The improvements in the thermal degradation behavior
of PU nanocomposite foams modified by incorporating 2% NC, or
alternately 2% 0C600, 2% OC1000 and 2% OC1500, are shown in
Table 3.

PU (control) foam showed a thermal stability up to 207 °C, where
the mass loss was quite small (4%) and was related with dehydra-
tion and the evaporation of free surfactants entrapped in the foam 40 + 3
structure. Afterward, the mass loss due to thermal degradation of 319°C . T8
the organic chains accelerated and attained a maximum at 317 °C, 201 . $02:C
such that the total mass loss was 47% at 349 °C. 395°C T

In PUNC containing 2%NC, the first step of thermal decomposi-
tion occurred in the range of 241-326°C, with a maximum mass NGNS S s R A R B B LA AR 5 R RS A S
loss rate at 295°C, diverging from that of pristine PU. However,
the temperatures corresponding to 5 and 10% mass losses were Temperature (°C)
quite similar for both PU and PUNC. The main advantage of this == PU(control) —— PUOC1500 —— DTG (PUOC1500) DTG (PU control)
structure was a postponed mass loss in the second stage of ther-
mal decomposition. Additionally, it gave the highest residue (32%)

80 +

60 -+

Weight (%)

Derivative Weight (%miri")

Fig. 6. TG-DTG curves of PU (control) and PUOC1500.

Table 3
The comparison of TG results of PU (control), PUNC and PUOC nanocomposite foams.

Sample T(°C)at5% T(°C)at 10% 1st step 2nd step Residue% at  Residue¥% at
mass loss mass loss 400°C 900°C

Tstart — Tend (°C)  Mass 1oss%  Tpeak (°C)  Tstart — Tena (°C)  Massloss%  Tpear (°C)

PU (control) 237 278 207-349 43 319 349-380 44 395 23 5
PUNC 237 275 241-326 27 295] 326-420 60 396 32 10
PUOC600 262 288 250-351 41 329 351-446 40 396 25 6
PUOC1000 244 282 252-351 46 348 351-446 42 399 26 8
PUOC1500 257 286 255-351 39 321 351-450 49 402 30 7
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Fig. 7. SEM photograph and related EDS mappings of PUOC1000.

of all of the samples at 400 °C, probably because NC acted mainly
as an inorganic filler in the body [52,53]. Conversely, the thermal
stability of PUOC nanocomposite foams, PUOC600, PUOC1000 and
PUOC1500, was improved in both the low and high temperature
regions, as given in Table 3. The temperatures corresponding to 5%
and 10% mass losses were shifted toward higher values by 7-15 and
4-10°C, respectively. The onset temperatures of thermal decompo-

Table 4
DMA results of PU (control) and PUOC600 foams.

sition in the first stages of the TG curves of PUOC600, PUOC1000 and
PUOC1500 were shifted to 250-255 °C, considerably higher than
that of PU (control). At the end of this stage at 351 °C, the mass per-
centages of PUOC600, PUOC1000 and PUOC1500 were 59, 54 and
61%, respectively, all greater than the residual mass percentage of
PU. The second stage thermal decomposition of nanocomposites
ended at 446-450°C, 66-70°C higher than that of PU (control).

F[N] PU (control) (p=325kgm3) PUOCG00 (1st synthesis) (0o=325kgm3) PUOCG600 (2nd synthesis) (0=300kg m—3)
E' [MPa] tané E' [MPa] tand E' [MPa] tand
1.00 3.67 0.13 5.29 0.09 8.53 0.10
2.00 3.98 0.15 5.31 0.11 9.03 0.11
3.00 4.62 0.15 5.37 0.12 9.40 0.12
4.00 5.28 0.14 5.82 0.15 9.86 0.11
5.00 5.89 0.14 6.52 0.14 11.04 0.12
6.00 6.31 0.14 6.88 0.13 11.93 0.11
7.00 6.94 0.14 6.90 0.12 11.98 0.11
8.00 6.87 0.14 6.80 0.12 11.92 0.11
9.00 6.76 0.14 6.63 0.12 11.77 0.11
10.0 6.74 0.13 6.57 0.12 11.74 0.11
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Fig. 6 highlights the differences in the TG-DTG curves of PU (control)
and PUOC1500.

The residues of the nanocomposites were 25-30% at 400 °C and
6-8% at 900 °C, all greater than that of the PU control, indicating the
successful dispersion and binding of organoclays in the PU matri-
ces. EDS mapping of PUOC1000 supported efficient dispersion of
the organically modified clay in the host PU foam by in situ poly-
merization, where the guest Al and Si atoms were randomly and
evenly distributed throughout the body at comparable levels (see
Fig. 7).

Table 4 summarizes the values of elastic modulus (E’) and loss
factor (tand), defined as the ratio between the loss modulus (E”)
and elastic modulus (E’), for samples PU and PUOC600, which had
similar densities (300-325 kg m~3). The results clearly showed that
2% organoclay content in the composite structure caused consid-
erable increases in elastic modulus (E’) values of the samples at
almost every compression level from 1 to 10N, as well as decreases
in the values of tan g, indicating a shift from viscoelastic to elastic
behavior.

4. Conclusion

In the present study, we showed that small molecular weight
PEGs, including PEG600, PEG1000 and PEG1500, could be success-
fully intercalated into Na-MMT in a colloidal dispersion system.
XRD analyses revealed that the interlayer spacing of NC expanded
from 1.38 to 1.72, 1.75 and 1.69nm during modification of
0C600, OC1000 and OC1500, respectively. The results of FTIR,
TG and SEM analyses also implied that the clay mineral lost its
hydrophilic character and gained organophilic features in OC600,
0C1000 and 0OC1500. Additionally, these organoclays exhibited
increased thermal stability, which makes them compatible with
polymers.

Furthermore, the use of NC, 0C600, OC1000 and OC1500 was
examined in polyurethane foam fabrication considering its wide
range of application fields in the polymer industry and promising
aspects for new nanocomposite development. In these polymers,
2% by mass organoclay or NC was added into the structure of the
PU foam by means of in situ polymerization, and one PUNC and
three different PUOC nanocomposite samples were developed. The
thermal stabilities of the in situ produced PUOC samples were
noticeably improved compared to the PU control. Random and even
distribution of the organically modified clay mineral in the host
polymers was detected by SEM-EDS analysis. By comparison of
DMA compression tests of the PU control and PUOC600, we demon-
strated that the elastic behavior of PUOC600 could be improved,
which was indicated by both the higher elastic modulus and lower
tan§ values when the force was applied in the range of 1-10N at
ambient temperature.

Consequently, the organoclay production presented in this
study is presented as an easy and effective modification route
for the intercalation of Na-MMT minerals using non-toxic, inex-
pensive and environmentally friendly PEGs of low molecular
weight. The produced organoclay samples are quite suitable for
the development of PU rigid nanocomposites with high thermal
and mechanical performance.
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