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ABSTRACT: This paper reports synthesis and character-
ization of polyurethane–urea (PU-urea) and the nanocom-
posites derived from the PU-urea with silicate clays. Or-
ganophilic montmorillonite cotreated by cetyl trimethyl am-
monium bromide (CTAB) was synthesized and used to
prepare PU-urea/montmorillonite nanocomposites coat-
ings. PU-ureas were prepared from polyethylene glycol
(PEG), polypropylene glycol (PPG), trimethylol propane
(TMP), and 4,4�-diphenylmethane diisocyanate (MDI) by
reacting excess diisocyanate with polyether glycols. The ex-
cess isocyanate of the prepolymers was cured with atmo-
spheric moisture. The synthesized moisture cured PU-urea
and nanocomposites were characterized by Fourier trans-
form infrared (FTIR) spectroscopy, thermogravimetric anal-

ysis (TGA), differential scanning calorimetric (DSC), and
angle resolved X-ray photoelectron spectroscopy (AR-XPS).
The thermal stability of the PU-urea nanocomposites was
higher relative to the mother PU-urea films. DSC results
showed a slight enhancement in the soft segment glass
transition temperature after 3 wt % clay loading. The surface
properties showed an enrichment of the soft segment to-
ward the surface. An enhancement in the hard segment
composition in the nanocomposite coatings has resulted in
enhancing the phase mixing process. © 2006 Wiley Periodicals,
Inc. J Appl Polym Sci 100: 2393–2401, 2006
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INTRODUCTION

Segmented polyurethane ureas (PU-urea) are block
copolymers with alternating soft and hard blocks,
which due to structural differences separate into two
phases. The soft segments are derived from a macro-
diol and the hard ones are obtained from the reaction
of a diisocyanate with atmospheric moisture or dia-
mine chain extender. The length of the soft segment
results from the molecular weight of the macrodiols,
whereas the hard segment length depends on the kind
and molar ratio of the compounds used in the reac-
tion. Hard segment plays the role of physical
crosslinks and act as higher modulus filler in the low
modulus soft matrix, whereas the soft phase gives
extensibility to the polymer. A wide variety of fillers,
whiskers, and fibers as well as clay and wollastonites
are being applied in polyurethane formulations to
reduce cost and to reinforce the polyurethane matrix
that results in improved hardness, strength, and stiff-
ness.1 The improved mechanical, thermal, and perme-
ability properties are mainly due to the conversion of
a large fraction of the polymer matrix near their sur-
faces into an interphase of different properties result-

ing in a change in its morphology.2 In general, the
properties of filled polyurethanes are dependent upon
filler shape, size, and the extent of interfacial coupling.
To meet the modern technological demands in this
arena, the size of the fillers should be reduced to the
nanometer scale. As the size reduces into the nanome-
ter range, the composite materials exhibit peculiar and
interesting mechanical and physical properties, for ex-
ample, increased mechanical strength, superior hard-
ness, enhanced thermal stability, higher specific heat,
and electrical resistivity compared with conventional
coarse grained counterparts.3 These improved and un-
expected hybrid property results from the synergisti-
cally derived interface by the two components and has
shown increasing attention in the scientific commu-
nity during the last decade. A few studies on polyure-
thane nanocomposites, in which the synthesis and
mechanical properties were described, have been re-
ported.4–16 Elastomeric PU/clay nanocomposite was
first reported by Wang and Pinnavaia.5 They focused
on the compatibility between organo-clay and polyols.
They found that the montmorillonite clay exchanged
with long chain onium ions (carbon number � 12) had
a good compatibility with several polyols commonly
used for synthesizing polyurethane, and therefore a
maximum benefit from nanolayer dispersal and rein-
forcement was observed.5 In an earlier observation,
Pinnavaia15 suggested that increasing the alkyl chain
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length of organoclays and ion exchange with proton-
ated alkyl amines results in much larger interlayer
distances in nanocomposites. Zilg et al.6 reported that
PU nanocomposites containing synthetic fluoromica
could simultaneously increase their tensile strength
and elongation at break. Ma et al.8 intercalated an
alkyl ammonium (hexadecyl-octadecyl trimethylam-
monium chloride) modified Na-montmorillonite into
the polyol and prepared elastomeric PU (polypro-
pylene glycol (PPG)/toluene diisocyanate (TDI)/glyc-
erol propoxylate)/clay nanocomposite and found that
at 8% clay loading, the tensile strength and the elon-
gation at break of the PU/clay nanocomposite in-
creased by two and five times than that of pure PU.
Chen et al.17 prepared a polycaprolactone (PCL)/clay
nanocomposite from �-caprolactone and 12-aminolau-
ric acid modified-montmorillonite, which was subse-
quently added to PU (polycaprolactone diol/MDI/
BD) in different ratio and studied the mechanical
properties. They have shown that the crystallinity and
the tensile mechanical properties of these PU/clay
nanocomposites were strongly affected by the amount
of PCL/clay. In another report, Chen et al.7 studied
the effect of organoclay concentration on the proper-
ties of PU/clay nanocomposite. They prepared PU/
clay nanocomposite by using Na-montmorillonite
treated with 12-aminolauric acid and benzidine. The
twofold increase in tensile strength and threefold in-
crease in elongation as compared with those of single
PU were obtained by adding 1 wt % modified organo-
clay in PU composition. Another study from the same
group10 have observed a reduction in the degree of
hydrogen bonding in the hard segments of PU be-
cause of the presence of the silicate layers, and the
resultant morphology of the segmented polyurethane
was altered. The extent of the reduction between the
hydrogen bonding in the hard segment depends on
the amount of the silicate layers and their dispersion.
To improve the thermal durability11 and tensile-me-
chanical properties10 of polyurethane by silicates, Wei
and coworkers modified montmorillonite with reac-
tive swelling agents containing one to three hydroxyl
groups. Yao et al.9 have observed a decrease in ther-
mal conductivity with an increase in the loading of
layered clay to a polyether-urethane matrix. Solarski
et al.16 obtained an intercalated structure with im-
proved thermal stability. An improvement in the flam-
mability along with other physical properties was also
observed using the unique interface that was devel-
oped with layered silicates with various resins.18–24

Additionally, the incorporation of plate like nanopar-
ticles with high aspect ratio results in the enhance-
ment of the permeation-barrier properties of poly-
mers2,25 due to reduction in straightway movement of
the water as well as oxygen molecule, which results in
increasing the effective path length for diffusion. Since
the permeability of the nanocomposites is markedly

decreased, therefore, Giannelis26 has attributed the
increased thermal stability to the hindered out-diffu-
sion of the volatile decomposition products. From the
electrochemical measurements, Yang et al.27 con-
cluded that PU/clay films even in small amount of
clay loading showed greater corrosion protection ef-
fect in 5 wt % aqueous NaCl electrolyte environment
than the pure PU film. In general, the dispersion of
clay nanolayers and the morphology of the nanocom-
posite depend on various factors, such as the mixing
method (melt/solution intercalation), mixing time and
temperature, solvent used, solvent concentration, size
of the monomer or polymer, intercalation agent, and
ion-exchange yield.28,29

We have synthesized and characterized different
moisture cured PU-urea and PU-urea/clay nanocom-
posites for the application in coatings. Two series of
PU-urea from PEG-1000 and PPG-1000 were prepared
by reacting with 4,4�-diphenylmethane diisocyanate
(MDI) in the presence and absence of trimethylol pro-
pane (TMP). The synthesized ONCO terminated PUs
were reacted with atmospheric moisture and resulted
in urea crosslinking. Ultrasonication was used for dis-
persing the modified K10 into the synthesizedONCO
terminated PUs. The structural characterization in the
present study includes Fourier transform infrared
(FTIR), thermogravimetric analysis (TGA), differential
scanning calorimetric (DSC), and XPS-spectrophotom-
eter.

EXPERIMENTAL

Materials

PEG-1000, PPG-100, TMP, MDI, and untreated clay
particle K10 were procured from Aldrich Chemicals
(Milwaukee, WI), and cetyl trimethyl ammonium bro-
mide (CTAB) and ethyl acetate from S.D. Fine Chem.,
Mumbai, India, were used. Solvents were stored over
activated 3–4 Å molecular sieves.

Method

A detailed synthetic method of PU-urea will be found
elsewhere.30,31 In brief, NCO-terminated polymers of
MDI and PEG or PPG were prepared in the absence of
any catalyst and with a NCO:OH equivalent weight
ratio 1:1, 1.3:1 and 2:1. Similarly polymers with
NCO:OH equivalent weight ratio of 1:1 and 1.3:1 and
2:1 were prepared in the presence of fixed amount of
TMP. The reaction process follows by the removal of
absorbed water by azeotropic mixture with toluene
and then the water free PEG and TMP mixture was
added to the kettle at 60–70°C and the reaction con-
tinued at 70–80°C for 12 h in N2 environment. To
remove the oligomeric part and the moisture reacted
part, MDI was heated and filtered by a cloth before
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use. The synthesized isocyanate-terminated polymers
were reserved in plastic bottles. A part of the polymer
was taken in Teflon disc and kept in an oven at 80°C
for 6 h, and then the obtained polymer film was kept
at room temperature and humidity for long time until
the complete disappearance of NCO band in FTIR
spectrum was observed. K10 was used for the prepa-
ration of nanocomposites. This type of clay belongs to
the MMT family and is naturally hydrophilic and
therefore hinders the dispersion of the clay particles in
most polymer matrices. K10 belongs to the smectite
family, characterized by negatively charged alumino-
silicate layers bound by electrostatic forces by potas-
sium ion located in the interlayer space. To increase
the compatibility between the hydrophobic polymer
and the hydrophilic clay, and to increase the interlay-
ered spacing of the clay, swelling agent CTAB was
used in this study. The organifier was dissolved in
deionized water at 60°C and concentrated HCl was
added drop by drop into the organifier solution to
quaternize the amine group. Appropriate amount of
K10 was preliminarily dispersed in deionized water at
60°C by using ultrasound probe attached to Malvern
Mastersizer 2000 (UK) particle size analyzer (20 W
cm�2). The organifier solution was poured into the
suspension containing K10 and the mixture was vig-
orously sonicated for 2 h. This technique is commonly
employed when both high speed and high shear are
required to create colloidal dispersion of the fine par-
ticles.32 To avoid the excess heat generated during
sonication, the sonication was repeatedly carried out
in an alternate sonication and cooling cycle of around
30 s. After sonication, the cation-exchanged clay par-
ticles were collected by centrifuge and subsequently
washed with deionized water. The treated K10 clay
was washed repeatedly with deionized water. To en-
sure the complete removal of chloride ions, the filtrate
was titrated with 0.1N AgNO3 until no further AgCl
precipitated. The product was then placed in a vac-
uum oven at 80°C for 12 h. The dried product was
ground to get the organo-montmorillonite (o-K10). o-
K10 (3 wt %) was used for nanocomposite prepara-
tion. For the preparation of nanocomposites, a 10 wt %
transparent solution of the o-K10 in ethyl acetate was
prepared, then added dropwise to a 10 wt % ethyl
acetate solution of the synthesized polymers, and ul-
trasonicated for 2 h at 80°C.25 The mixture was then
poured onto teflon disc and kept in an oven at 80°C for
6 h and then the obtained polymer film was kept at
room temperature and humidity for a long time until
the complete disappearance of NCO band in FTIR
spectrum was observed. Sample nomenclature, com-
position, and their NCO:OH ratio are shown in Table
I. Polyurethane–urea (PU-urea) samples were de-
noted by PU and with different numbers ranging from
1 to 8 depending on the equivalent weight ratio of the
monomers used, whereas the PU-urea/o-K10 nano-

composites were denoted by the word N at the end of
PU-urea sample name. The PU-urea and the nanocom-
posite samples thus obtained were used for TGA,
DSC, and XPS study.

FTIR instrumentation

For the FTIR study, a small and diluted drop of the
liquid polymers as well as nanocomposites (typically a
1 wt % solution in ethyl acetate) were prepared and
coated on KBr disks and stored at room temperature
and humidity for a day before spectral evaluation. To
remove the residual solvent, the disks were placed in
a vacuum oven at 80°C for 6 h. The thickness of
sample was controlled to have the same uniform size.
Fourier transform IR spectra (FTIR) were obtained
using a Thermo Nicolet Nexus 670 spectrometer. A
minimum of 32 scans was signal-averaged with a res-
olution of 2 cm�1 within the wavelength range of
400–4000 cm�1.

Thermal analysis

Thermogravimetric experiments were performed us-
ing a TGA/SDTA 851e thermal system (Mettler To-
ledo, Switzerland) at a heating rate of 10°C min�1 in
the temperature range of 25–800°C under N2 atmo-
sphere (flow rate, 30 mL min�1). Film samples ranging
from 8 to 10 mg were placed in the sample pan and
heated. During the heating period, the weight loss and
temperature difference were recorded as a function of
temperature. Calorimetric measurements were carried
out on a Mettler Toledo 821e DSC system (Zurich,
Switzerland) in the temperature range of –60 to 200°C,
at a heating rate of 10°C min�1 under nitrogen atmo-
sphere (flow rate, 30 mL min�1). The instrument was
calibrated with indium standards before measure-
ments.

XPS analysis

XPS is one of the most popular and useful technique
for analyzing the surface compositions of coatings.

TABLE I
Details of the Sample Synthesized and the

Abbreviations Used

Sample name Composition (g)

NCO/OH
equivalent

weight ratio

PU-1 PEG: 5.0 2:1
PU-2 PEG: 5.0; TMP: 0.5 1:1
PU-3 PEG: 5.0; TMP: 0.5 1.3:1
PU-4 PEG: 5.0; TMP: 0.5 2:1
PU-5 PPG: 5.0 2:1
PU-6 PPG: 5.0; TMP: 0.5 1:1
PU-7 PPG: 5.0; TMP: 0.5 1.3:1
PU-8 PPG: 5.0; TMP: 0.5 2:1
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XPS probes a coating layer to a depth of about 7.5 nm.
Angle resolved XPS is a technique by which a thin
layer can be analyzed, with the sample tilted by
changing the angle of the surface with respect to the
detector. At high takeoff angles, the detector will only
collect the emitted photoelectrons and auger electrons
from the shallow region near the surface. At small
takeoff angles, the detector will collect emitted elec-
trons from both the shallow region and the deeper
layers. Therefore, with a change in the takeoff angle, a
concentration depth profile can be obtained. KRATOS
AXIS 165 X-ray photoelectron spectrometer (UK) was
used for the surface analysis. The X-ray gun was op-
erated at 15 kV voltage and 20 mA. Survey and high-
resolution spectra were collected using 80 and 40 eV
pass energy, respectively. Before the experiment, the
analyzer chamber was degasified and the pressure
was kept as low as �1.33 � 10�6 Pa. A thin film of
thickness 0.1 mm was used for XPS-analysis. Survey
scans were taken over a binding energy range of
0–1200 eV and then the narrow scan spectra of Si 2p,
C 1s, O 1s and N 1s were collected. The XPS analysis
was done at room temperature at two different elec-
tron take-off angles, namely 0 and 45°. The sample
was tilted in such a way to change the angle � between
the normal to the sample and the analyzer. At � � 0°,
the sample was perpendicular to the detector, leading
to the maximum sampling depth. The effective sam-
pling depth, z, was derived by z � 3� cos �, where � is
the effective mean free path for electrons to escape the
surface and was set to the value of 2.5 nm. Therefore
at � � 0°, z � 7.5 nm and at � � 45°, z � 5.3 nm. Using
the VISION software the observed peaks were decon-
voluted in Gaussian/Lorentzian ratio 7:3. All spectra
presented are charge balanced and the binding energy
referenced to C 1s at 284.6 eV.

RESULTS AND DISCUSSION

The formation of crosslinked PU-urea follows the gen-
eral reaction of excess isocyanate in the prepolymer
with moisture as shown in Scheme 1. The reaction
demonstrates the basic structural backbone of the
polyurethane polymer. However, structural crosslinks
and microstructures within this system can provide
additional structure within the polymer matrix by self-

crosslinking and allophanate linkage formation from
the reaction between the NCO and urethane groups.

FTIR analysis

Of particular interest is the band due to NCO func-
tionality at 2273 cm�1, because its intensity is propor-
tional to the concentration changes of the NCO
groups. The byproduct formation, if any due to the
reaction of moisture or other chemical moieties within
the PU-urea matrix remain difficult to identify. The
FTIR spectrum of o-K10 (organo modified) is shown in
Figure 1(a). In Figure 1(b), PU-urea nanocomposites
show a band at 2273 cm�1 due to NCO group, and the
intensity of the absorbance at 2273 cm�1 decreased
and disintegrates completely after the completion of
NCO group reaction with atmospheric moisture. At
the same time, the bands due to urea linkages, includ-
ing NOH stretching and deformation bands at 3395

Figure 1 FTIR spectra of modified K-10 (at the top) and
different nanocomposite coatings (at the bottom).

Scheme 1 The curing reaction of NCO terminated prepoly-
mer with moisture.
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and 1525 cm�1, respectively, increase as crosslinking
reaction progress. The FTIR spectra of PU-urea and
PU/o-K10 are mainly characterized by bands at 3150–
3600 cm�1 (NH stretching vibrations), 2800–3000
cm�1 (COH asymmetric and symmetric stretching vi-
brations), 1600–1800 cm�1 (CAO stretching vibra-
tions), 1540 cm�1 (amide II, �NOH � �CON), 1240 cm�1

(amide III, �NOH � �CON), and at 1015, 1108, and 1227
cm�1, which are due to CAOAC vibration arise from
ether group in the soft segment.27 The hydrogen-
bonded NH peaks at 3290–3307 cm�1, free NH peaks
at 3527 cm�1, and carbonyl peaks at 1701 and 1725
cm�1 indicate the presence of urethane linkages.33

Besides these bands, PU/o-K10 also has the character-
istic bands of montmorillonite at 1038, 524, and 462
cm�1, which correspond to the stretching vibration of
SiOOOSi, the stretching vibration of AlOO and the
SiOO bending vibration of montmorillonite respec-
tively, which indicates the presence of layered silicate
framework in the nanocomposite.4,17,34

Dynamic thermogravimetric analysis

The thermal stability of PU-urea samples and their
clay nanocomposites were investigated by thermo-
gravimetric analyzer. The relative thermal stabilities
of pure PU-urea and PU-urea/o-K10 hybrids are listed
in Table II. The values of TON (initial decomposition
temperature for the first step of decomposition), TMAX
(temperature of maximum rate of weight loss for the
first step), TEN (final decomposition temperature), %
weight loss at 300, 450, and 600°C, respectively, are
shown in Table II. The nature of the DTG curves
showed the complexity of the degradation following a
number of steps of which two major steps are in-
volved. In this study, we are mainly interested on the
major decomposition step and the corresponding ther-
mal data. On a comparison of the thermal stability
data PU-urea/o-K10 nanocomposites derived from
PEG-1000 and with increasing crosslinker content, one
can see that the TMAX, TEN, and % wt remains at 450

and 600°C increases with increasing TMP and/or MDI
content. For instant % wt at 450 and 600°C of PU-1N,
PU-2N, PU-3N, and PU-4N were 30.5, 24.5; 31.9, 25.1;
37.9, 26.3; and 44.3, 27.6, respectively. Similarly for
PPG based PU-urea/o-K10 nanocomposites coatings,
TMAX, TEN, and % wt remains at 450 and 600°C in-
creased with the increasing hard segment content. A
comparison of the thermal stability data between PU-
urea sample and the corresponding 3 wt % loaded
nanocomposites shows that, thermal stability im-
proves for both the PEG- and PPG-based coatings. For
instance, the TON, TMAX, TEN, and % wt remains at 300,
450, and 600°C of PU-1 and PU-1N were 316.5, 424.2,
440.3, 94.7, 28.2, 20.6 and 318.1, 425.4, 443.3, 97.7, 30.5,
24.5, respectively. Therefore, the general trend of the
curves as shown in Figures 2(a) and 2(b) and the
corresponding thermal data in Table II allows us to
conclude that PU-urea/o-K10 have better thermal sta-
bility than PU-urea samples, and the thermal stability
increased with increasing NCO/OH ratio.

This increase in the thermal stability could be attrib-
uted to the high thermal stability of the clay and the
interaction between the clay particles and the PU-urea
matrix.35 Since the chain motions of polymer mole-
cules in these silicate layers were barred and limited,
therefore, thermal properties of PU-urea/o-K10 nano-
composites increased.12 The other probable cause will
be the layered silicates of o-K10, make the path longer
for escaping of the thermally decomposed volatiles, or
in other words clay particles can enhance the thermal
stability of the polymer by acting as thermal insulator
and mass transport barrier to the volatile products
generated during decomposition. Similar trends have
been noted in other articles also.4,29,36–39

DSC analysis

An endotherm is observed in the DSC thermograms in
between 40 and 120°C, which could be due to the short
range ordering interaction within the PU-urea or the
nanocomposites samples. The glass transition temper-

TABLE II
Thermal Stability Data of PU-urea/o-K10 Nanocomposite Coatings

Sample no. TON TMAX TEN

% wt

300°C 450°C 600°C

PU-1 316.5 424.2 440.3 94.7 28.2 20.6
PU-1N 318.1 425.4 443.3 97.7 30.5 24.5
PU-2N 318.6 426.6 441.7 99.0 31.9 25.1
PU-3N 303.4 426.6 535.6 97.6 37.9 26.3
PU-4N 302.9 427.9 541.7 96.4 44.3 27.6
PU-5 305.1 363.0 396.2 95.7 25.9 17.0
PU-5N 321.4 380.9 409.9 97.4 31.3 23.3
PU-6N 323.0 389.1 410.9 99.0 31.4 25.3
PU-7N 315.8 422.0 438.4 97.4 37.0 27.8
PU-8N 324.3 422.8 440.8 99.4 40.5 34.3
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ature of the soft segment for the PU-urea samples
increased with the increasing hard segment content in
the sample. For instance, the Tg values of PU-1, PU-2,
and PU-3 were �29.8, �13.5, and �9.0°C, respec-
tively, whereas the soft segment Tg completely disap-
pears for PU-4, which could be due to the phase
mixing process between the soft and hard segments
associated during the moisture cure (Table III). The
glass transition temperatures of the PU-urea/clay
nanocomposites containing different amounts of the
crosslinker were measured by using DSC at a scanning
rate of 10°C min�1 and are shown in Figure 3. With the
addition of clay, the Tg peak moved toward higher
temperature and a decrease in peak intensity was
observed. For example, the Tg values of PU-1 and
PU-1N were �29.8 and �28.0°C, respectively. This
phenomenon was attributed to the confinement of the
segmental motions of intermolecular chains of the PU-
urea within the clay galleries or in other words to the
restricted chain mobility at the interfacial layer, in
which polymer chains are effectively anchored or at-
tached to the silicate surface. These anchored polymer
chains form an interphase region, where the segment
relaxation is slower than in the bulk. The restricted
relaxation behavior for the polymer nanocomposites
with intercalated and exfoliated silicates depended
primarily on the exfoliation extent of the layered sili-
cates and the interaction strength between the silicate

surfaces and the PU macromolecules. Thus, a system
with fully exfoliated silicate dispersion and strong
interactions is expected to exhibit slow relaxation be-
havior, while a system with intercalated silicates and
relatively weak interaction should display fast relax-
ation dynamics. In addition, the overall relaxation be-
havior of the nanocomposites depends still on the
ratio of restricted and unrestricted macromolecular
segment numbers, related with the clay contents and
its dispersion morphology.40–43

XPS analysis

In this technique, electrons emitted from atoms reside
near the surface of the material escape without losing
energy, and hence results in surface sensitive features.
Therefore, a subtle change in peak positions and shape
can yield quantitative information on changes in sur-
face chemistry as well as a chemical depth profile
information can be obtained by variation of the angle
of incident of radiation. Simultaneously, the low res-
olution XPS has the ability to determine the elemental
composition on the surface of all nonvolatile materi-

Figure 2 Dynamic TG thermograms of PU-urea and PU-urea/o-K10 nanocomposite coatings in nitrogen environment.

TABLE III
Glass Transition Temperatures of PU-urea/o-K10

Nanocomposite Coatings

Sample name Tg (°C)

PU-1 �29.8
PU-1N �28.0
PU-2 �13.5
PU-2N �10.0
PU-3N �9.5
PU-5 �7.8
PU-5N �0.8
PU-6N 0.1
PU-7N 5.3 Figure 3 DSC thermograms of PU-urea and PU-urea/o-

K10 nanocomposite coatings in nitrogen environment.
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als. Analysis of the XPS data gives an idea about the
local oxidation states and chemical states of the com-
posing material. In this study, the surfaces of nano-
composites polyurethane films were scanned and high
resolution C 1s XPS spectra were recorded for extract-
ing information about the studied samples. The peaks
at binding energies of 96–116, 280–305, 396–416, and
528–548 eV are ascribed to the elements Si 2p, C 1s, N
1s, and O 1s, respectively. The survey spectra of
PU-1N at different takeoff angle are shown in Figure 4.
The characteristic features that are observed in the
survey spectra is the decrease in N 1s peak intensity
with increasing takeoff angle and a complete disap-
pearance at 75°. This shows that the low surface en-
ergy polyether component resides toward the top sur-
face and a high surface energy urethane/urea compo-
nent resides inside the bulk of the polymer. Figure 5
shows the high resolution C 1s deconvoluted spectra
at 0 and 45° takeoff angles of different PU-urea/o-K10
nanocomposites investigated.

The peak area of the carbons associated with differ-
ent environments and peak area ratio of COO at 45
and 0° from the deconvoluted spectra are shown in
Table IV. In this study, the variation in the content of
hard segment was attained by changing the weight
ratio of polyether glycol, TMP, and MDI. Clearly, an
increase in the mole fraction of TMP and MDI in the
system results to an increase in the hard segment
content. The different recipes lead to different molec-
ular geometrical structures, hard domains, and aggre-
gates. Polyurethane coatings are well known about
their surface segregation characteristics.31 On applica-
tion to a metal, say for example on iron, the urethane/
urea segment segregation toward the metal has re-
sulted an improved adhesion characteristics, whereas
the segregation of low surface energy component, e.g.,
the soft ether group toward the air interface results in

dart repellant characteristics. Therefore, the distribu-
tion of COO (originated from the polyether segment),
CON, and CAO (arises from the urethane/urea
groups) groups have a depth dependence character in
the PU-urea/o-K10 nanocomposite films. In this cir-
cumstance, we assume that the COC/COH distribu-
tion is constant throughout the film. Now a compari-
son of COO/(COC/COH) peak area ratio at 45 and
0° of the investigated coatings suggests that the ratio
decreased with decreasing takeoff angle. For instance,
for PU-1N coatings the COO/(COC/COH) ratio at
45 and 0° are 1.704 and 0.801. A similar trend was also
observed for other nanocomposite coatings. These re-
sults suggest that the soft segment preferentially re-

Figure 5 The deconvoluted C 1s AR-XPS spectra of PU-
urea/o-K10 nanocomposites at takeoff angle 45° and 0°.

Figure 4 Low resolution XPS survey scans of PU-1N nano-
composite at different takeoff angles.

THERMAL AND SURFACE CHARACTERIZATION OF PU-UREA 2399



sides on the top surface of the polymer. A comparison
of COO (45°)/COO (0°) peak area ratio of the studied
nanocomposite PU-1N and PU-3N coatings suggests a
reduction of this ratio from 1.836 to 1.28. Similarly for
PPG-based nanocomposite coatings PU-5N and PU-
7N, this ratio reduces from 1.397 to 0.949. This phe-
nomenon was due to the phase mixing process with
increasing TMP and/or MDI content in the coatings.
Since the phase mixing hinders the segregation nature
of the soft polyether chain and hard segment, the
contribution of COO to the total C 1s peak area at the
top surface, i.e., at 45° reduces and an enhancement in
the bulk, i.e., at 0°, takes place. This phenomenon
results in a decrease in COO (45°)/COO (0°) ratio in
PU-3N and PU-7N in comparison with PU-1N and
PU-5N.

CONCLUSIONS

The properties of the nanocomposites based on organ-
ically-modified clay particles depend on the technique
used to achieve the dispersion and on the cure tem-
perature of the system. The data presented in this
paper were obtained using ultrasonication to assist the
dispersion process. In most cases, the interaction of the
3 wt % loaded clay with the resin leads to a reinforcing
action with observation of an increase in the thermal
stability and glass transition temperatures. The glass
transition temperature of the PU-urea increased
slightly with the addition of clay. The thermal stability
of the PU-urea increased moderately after the incor-
poration of clay. An increase in NCO:OH ratio and
introduction of TMP have resulted with improved
thermal properties of the nanocomposite coatings be-
cause of the phase mixing process. High resolution
XPS analysis was used to provide a method of differ-
entiating the presence of different types of carbon
bonds in the studied nanocomposites. The surface seg-
regation phenomenon and the phase mixing process
with increasing NCO:OH ratio was confirmed from
the high resolution C 1s deconvoluted spectra.
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sity Grants Commission (UGC, India) award for research
fellowship in Engineering and Technology.
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