
Iranian Polymer Journal
15 (9), 2006, 709-714

nanocomposites;
polyurethane;
organoclay;
melt intercalation method.

(*) To whom correspondence to be addressed.
E-mail: m.barmar@ippi.ac.ir

A B S T R A C T

Key Words:

Study of Polyurethane/Clay Nanocomposites
Produced via Melt Intercalation Method

Mohammad Barmar*, Mehdi Barikani, and Mojtaba Fereidounnia

Department of Polyurethane, Fibres and Nanopolymers, 
Iran Polymer and Petrochemical Institute, P.O. Box: 14965-115, Tehran, Iran

Received 10 April 2006; accepted 27 May 2006

There are various methods for preparation of polymeric nanocomposite materials.
One of these methods is melt intercalation procedure. In this study, segmented
linear thermoplastic polyurethane elastomers based on polytetramethylene gly-

col, toluene diisocyanate and 1,4-butanediol were synthesized by prepolymer method.
The molar ratios of reactants were 1:3:2 for polyol, isocyanate and chain extender,
respectively. Then, melt intercalation of thermoplastic polyurethane with nanoclay was
carried out in a Haake internal mixer at 135ºC temperature, 60 rpm rotational speed
for 6 min. Three different weight percents of a nanoclay as filler were used in the syn-
thesized polyurethane model compound. Using this method, an exfoliated nanocom-
posite structures formed which was confirmed by wide angle  X-ray scattering. Tensile
strength was increased as nanoclay content was increased from 0.4 to 1.2.  It is
believed that, this behaviour can be related to delamination of nanoclay layers and
strong surface adhesion of polymer and modified nanoclay. Also, thermogravimetric
analysis and T95 studies have shown that the thermal stability of nanocomposite has
been shifted to higher temperatures as clay content is being increased.

INTRODUCTION

Polymer/clay nanocomposites have
attracted great interest in recent
years. These materials often exhib-
it remarkable improvement proper-
ties when compared with virgin
polymer or conventional compos-
ites. These improvements can
include high moduli [1-6],
increased strength and heat resist-
ance [7], decreased gas permeabili-
ty [8-12], and reduction of flamma-

bility [13-17]. Although the mecha-
nisms behind these improvements
are not well understood yet, it is
evident that the altered properties
of these materials are related to
changes in polymer molecular
dynamics and crystallinity, in addi-
tion to traditional filler reinforce-
ment [18]. The large variety of
polymer systems are used in
nanocomposites preparation with
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layered silicate. Several technologically important
polycondensation methods are used in nanocompos-
ites preparation with nanoclay, e.g. polyamides
[1,12,15-16] and thermoplastic polyurethanes [19-
23]. Thermoplastic polyurethanes have a two phase
structure because of the thermodynamic incompatibil-
ity of the hard and soft segments of PU chain. In
PU/clay nanocomposites, hard segments are highly
attracted to the silicate surface but soft segments are
not attracted in order to push the platelets apart to
regain entropy.

Chen et al. prepared a group of nanocomposites
based on benzidine-mont/PU solution technique and
compared with pure polyurethane [21].  The tensile
strength and elongation were found to be improved by
applying 1% of nanoparticles into the PU matrix, but
this behaviour was not observed for high concentra-
tion. In their next study [24], they observed that the
degree of hydrogen bonding in the hard segments of
polyurethane was reduced due to presence and
increasing of the silicate layers and the resultant mor-
phology of the segmented polyurethane was altered.

However Finnigan et al. [18], observed the addi-
tion of 3% and 7% by weight of Cloisite 30B to a tra-
ditional TPUE granules, resulting in a decrease in ten-
sile strength and elongation due to degradation of
polyurethane in melt compounding process. Cloisite
30B is an additive for plastics to improve various
plastic physical properties, such as reinforcement,
heat distortion temperature (HDT), and barrier. The
chemical structure of this nanoclay is shown in Figure
1, where T is tallow (~65% C18, ~30% C16, ~5%
C14) anion chloride.

In order to release air bubbles exits during PU syn-
thesis an anti-foaming agent Worlee-chemie G.m.b.H.
with trade name of Worlee add 635 was used.

In this study, segmented linear polyurethane based
on polytetramethylene glycol (PTMG), toluene diiso-

Figure 1. Schematic chemical structure of the surfactant of
Cloisite 30B [25].

cyanate (TDI) and 1,4-butanediol (BDO) were pre-
pared by prepolymer method. Then, melt intercalation
of thermoplastic polyurethane with nanoclay was car-
ried out in a Haake internal mixer. Samples were stud-
ied by WAXD, FTIR, TGA and tensile tests.

EXPERIMENTAL

Materials
Toluene diisocyanate with trade name of tech 80%
was purchased from Aldrich Co. The polyether poly-
ol of PTMG with Mn=1774 was obtained from R & D
of Arak Petrochemical, and 1,4-butanediol was pur-
chased from Merck. The modified nanoclay was
obtained from Southern Clay Products with trade
name of Cloisite 30B. This nanoclay was natural
montmorillonite which was modified by methyl, tal-
low, bis-2-hydroxy ethyl, quaternary ammonium.

Instruments
Infrared spectra were recorded on a Equinox 55
Fourier transform with resolution of 0.5 cm-1. Wide
angle X-ray diffraction (WAXD) was carried out on a
XRD XPERT Philips X-ray diffractometer using Cu
ka (λ =1.54 nm), radiation generated at 40 kV and 
50 mA. Samples were scanned at 0.3º/min in the
range of 2θ=0.7º-10º using a step size of 0.02º. Tensile
properties of the samples were measured by MTS ten-
sile testing machine at a cross-head speed of 20
mm/min.

Thermogravimetric analysis (TGA) of samples
was carried out on a PL-STA under a nitrogen atmos-
phere. A heating rate of 10ºC/min was used.

Synthesis Procedure of TPUE
Prepolymer method was selected for synthesis of ther-
moplastic polyurethane elastomers [26]. The molar
ratio of 1:3:2 was selected for polyol, diisocyanate
and chain extender, respectively. Considering this
molar ratio, 50, 14.75 and 5.07 g of polyol, TDI and
BDO were weighed and used. All of the reactor com-
ponents were dried before the start of synthesis.
Polyol was weighed directly in a reactor vessel and
then put in a vacuum oven for 1 h at 75ºC. The chain
extender is also dried at 60ºC and degassed under vac-
uum (60 mbar) for 1 h. Diisocyanate was added to the
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reactor without any pretreatment. 
Polymerization reaction vessel equipped with a

stirrer and located in an oil bath at 90ºC and a steady
flow of dry nitrogen passing continuously over the
mixture forming a gas blanket. The reaction mixture
was then continuously stirred for approximately 
100 min.

Conversion of the prepolymer into the final PU
was carried out by stirring the prepolymer vigorously,
and then adding a mixture of previously predried and
degassed chain extender, and 1% by weight of anti-
foaming agent. When colour homogeneity was
obtained in the reactant mixture, the dispersion of
chain extender was considered to be completed and
liquid polymer was cast into a hot Teflon mould. The
mould was previously coated with a silicone base
release agent. In order to complete the reaction, the
mould was placed inside an oven at 110ºC for 20 h.

Preparation of Nanoclay Polyurethane Composites
The method of melt intercalation was used for prepa-
ration of nanoclay polyurethane composites.
Thermoplastic polyurethane elastomer (TPUE) was
synthesized according to procedure as described pre-
viously, and dried at 30ºC temperature for 10 h. A
Haake internal mixer (HBI System 90) was used for
mixing of TPUEs and nanoclay. The conditions of
mixing were 60 rpm rotational speed and 135ºC tem-
perature. The duration of mixing was 6 min. Filling
factor was set at 0.8 with applying 52 g of the TPUE.
Nanoclay was used with 0.4, 0.8 and 1.2% by weight
in three batches, and samples were named HPU4,
HPU8 and HPU12, respectively. After mixing, proper
sheets with thickness of 1.5 mm were prepared in
pressure of 13 MPa at 135ºC under a hydraulic press.
These sheets were clear and light brown colour.

RESULTS AND DISCUSSION

Infrared spectra of the prepared nanoclay composite
are shown in Figure 2. All of the peaks were normal-
ized with peak of 2952 cm-1. There is not any consid-
erable shift in carbonyl characteristic peak (1700-
1730 cm-1) and hence, there is not any change in
hydrogen bonding of carbonyl group with active
hydrogen. However, a small reduction in peak of 

Figure 2. Normalized infrared spectra of samples.

2725 cm-1 is observed for various samples. It is relat-
ed to degradation of ether bonds and converts it to car-
bonyl group, via oxidation process in Haake mixer.

WAXD Patterns of the prepared nanocomposites
are illustrated in Figure 3. In this figure the peak of 
2θ>0.8º is not observed. It means that, there is a very 

Figure 3. WAXD Intensity profiles of TPUE (a), nanocom-
posite (b), and Cloisite 30B (c).
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Figure 4. Stress-strain curves of TPUE and related
nanocomposites.

good distribution and exfoliation of nanoclay in poly-
mer matrix via melt intercalation. The transparency of
sample sheets may confirm this suggestion. The effec-
tive factors on this behaviour are:

- Applying strong shear and compression stresses
in Haake mixer resulted in breaking structure of clay
and delamination of its layers.

- Modification of nanoclay promotes the influence
of polymeric chains into layers of clay.

- Hydrogen bonds between hydroxyl groups of
modification agent of clay with oxygen of ether and
carbonyl of urethane, act as a thermodynamic factor
to stablize the mixture of nanocomposite.

Stress-strain curves of nanocomposite samples are
shown in Figure 4. There are two differences between
TPUE and its related nanocomposites.

Considering the use of increasing amount of nano-
clay in TPUE, the plateau region of the curves
becomes shorter. Also, the self stiffening behaviour is
not seen in nanocomposites. This behaviour is related
to the interaction of polymer chain and nanoclay lay-
ers, so that by increasing the amount of nanoclay in
samples from HPU4 to HPU12, a more elastic stress-

strain behaviour is observed.
The extracted data of stress-strain curves are

shown in Table 1. Ultimate tensile strengths of
nanocomposites are lower than TUPE. This is related
to thermal and mechanical degradation and reduction
of molecular weight of polyurethane elastomer during
mixing with nanoclay in Haake mixer as shown by
FTIR. The similar behaviour was reported by other
researchers [18]. In nanocomposites, the ultimate ten-
sile strengths were increased by increasing the weight
percent of nanoclay. Also, there is a new hydrogen
bond formation via interaction of hydroxyl group of
modification agent in nanoclay and polyurethane
matrix. This factor improves the adhesion between
polymeric chains and nanoclay layers, and hence the
absorbed energy during tensile test will be increased.
This is the basic advantage of nanocomposites in
comparison of conventional particulate composites. In
common particulate composite, the absorption energy
decreases by increasing the content of filler.

The trend of elastic modulus and hardness proper-
ties of samples are similar to tensile strengths (Table
1).

Thermal stability of the prepared polyurethane/
nanoclay composites was studied by TGA. Generally,
T95, the temperature with sample loses only 5% of its
weight that is reported as the temperature of initial
degradation and is a criterion of thermal stability [27-
28].

Higher T95 of polymer is an evidence of higher
thermal stability. Usually, the first step of
polyurethane degradation is a depolymerization reac-
tion. This is occurred in temperature range of 200-
250ºC, and via this reaction, polyurethane bond
degraded and converted to hydroxyl and isocyanate
groups [27].
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Ultimate tensile 

strength 

(MPa) 

Elongation -at-

break 

(%) 

Energy-of-break 

(J/cm2) 

Modulus of 

elasticity  

(MPa) 

Hardness 

Shore A 

Clay content  

(wt%) 

Sample 

name 

8.4 1742 53.2 2.42 50 0 PU0 

2.8 1113 15.91 1.75 38.5 0.4 HPU4 

3.4 975 17.04 2.02 39.5 0.8 HPU8 

4.4 883 19.94 2.52 42.5 1.2 HPU12 

Table 1. Tensile and hardness properties of TPUE and nanocomposite samples.



Figure 5. Thermal stability of nanocomposites (T95).

Use of nanoclay in polymer matrix will increase
the thermal stability. The mechanism of this improve-
ment of thermal stability is the role of nanoclay layer
as a strong insulation and barrier for mass transfer of
volatile compound formed in degradation process. As 
shown in Figure 5, T95 or thermal stability of
nanocomposites were increased up to 40ºC with
increasing of nanoclay from 0.4 to 1.2%.

The obtained result is very considerable. Other
researchers have reported 10 to 35ºC increasing of T95
for 5 phr Cloisite 30B in polyurethane nanocompos-
ites [27-28]. 

CONCLUSION

A model segmented thermoplastic polyurethane elas-
tomer with a molar ratio of 1:3:2, of PTMG, TDI and
BD was synthesized. Then nanocomposites of
PU/clay were prepared in Haake mixer via melt inter-
calation. The nanocomposites contain 0.4, 0.8 and 
1.2 phr modified nano montmorillonite.

Thermal, physical and mechanical properties of
nanocomposites were studied. With increasing weight
percent of nanoclay, all of the physical and mechani-
cal properties of nanocomposites show improvement. 
Nanocomposite with 1.2 phr nanoclay exhibited a
considerable rise in thermal stability by 40ºC. A
reduction in physical and mechanical properties was
seen by comparison with virgin TPUE. This may be
related to thermal and mechanical degradation and the

loss of molecular weight in the Haake internal mixer
during melt intercalation.
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