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ABSTRACT

Polyurethanes (PUs) are one of the most versatile classes of materials today and their demand as a high
performance industrial material continues to grow. The wide application of Pus necessitates understanding the
chemistry and structural elements that improve the thermal stability and flame retardancy as these are important
prerequisites to obtain tailor-made products for high performance applications such as in aggressive environments.
. In the present research program, some polyurethane nanocomposites have been prepared from a natural oil like
castor oil using HMDI and organically modified clay. Polyurethanes and their nanocomposites have been
characterized by using some sophisticated methods like FTIR, SEM, XRD, TGA, and mechanical testing.
Hydrophobic nanoparticles and nanocomposite of 1,4-hexamethylene diisocyanate (HMDI)-modified PU
nanoparticles (PU-NPs) have been synthesized at ambient temperatures. The platelet-like nanocrystals become
pseudospherical after modification with HMDI and the size increases or decreases depending on diisocyanate
concentration compared to the ungrafted particles as revealed by scanning electron microscopy (SEM) results. The
obtained nanocrystals were characterized by means of the FT-IR and X-ray diffraction (XRD) techniques.
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INTRODUCTION

Polymer- nanocomposites have recently gained at giea of attention because they offer a greatmisteto
provide superior properties when compared to\puignpers and conventional filled composites. Thepprties
include high dimensional stability, high heat deflen temperature, reduced gas permeability, impdoftame
retardance, and enhanced mechanical prop§ttié&s.

Polyurethanes (PUs) are unique polymer materiath wiwide range of physical and chemical propert&gh
welldesigned combinations of monomeric materialds Ran be tailored to meet diversified demandsasfous
applications such as coatings, adhesives, fibleesirtoplastic elastomers, and foams. However, Pédste@ve some
disadvantages, such as low thermal stability amdrteechanical strength, etc. To overcome these disadges, a
great deal of effort has been devoted to the deweémt of nanostructured polyurethane (PU)/montharite
(MMT composites in recent years/

Segmented polyurethanes, and in particular poletfane urea)s (PUUS), are currently used in &tadf blood-

contacting applications in biomedical devices. Egample, the Arrow International LionHeart and Abid’s

AbioCor cardiac assist devices utilize PUU elastanie the blood pump as well as in other locatidnsggeneral,

biomedical PUUs possess good biocompatibility dexufal fatigue characteristics but, because oflalaeTg and

relatively high concentration of soft segments, retatively permeable to air and water vapor. Tateel can lead to
potential problems, particularly in completely imptable devices.

Castor oil is world’'s one of the most useful andreamically important non-edible, nonvolatile naluregetable
oil. Pt is a unique industrial oil, due the presenétriglycerides of hydroxyl fatty acid known @dsinoleic acid. The
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ricinoleic acid content is about 87-90%. Ricinolawd is an 18 carbon hydroxylated fatty acid hgwme double
bond at the ©& 10™ carbon. Nayak and coworkers have carried out eixtemssearch work on IPN derived from
Castor Oil and a multitude of diisocyantes.

Cloisite 30B is methyl, tallow, bis-2 hydroxyethgjaternary ammonium, where tallow is 65% C18, 3026, and
5% C14. Clay minerals are widely used materi-aldiing products as delivery agents [12]. Montmaniiite
(MMT) can provide mucoadhesive capability for thenaparticle to cross the gastrointestinal (Gl) iearf13].
MMT is also a potent detoxifier, which belongs ke tstructural family of 2:1 phyllosilicate. MMT clouabsorb
dietary toxins, bacterial toxins associated witktgzntestinal disturbance, hydrogen ions in adglasad metabolic
toxins such as steroidal metabolites asso-ciatédupvegnancy [14].

Recently Nayak and coworkers have carried out sienresearch work on castor oil -based interpatiey
polymer networks (15-19). This communication présehe result of nano composite polyurethane usasgor oil
and hexamethylene diisocyanate.The composites etamcterized usingn FTIR, SEM, TGA and XRD methods

MATERIALS AND METHODS

Because the synthesis involved toxic and reactigecyanates, all the necessary precautions w&enteegarding
their safe handling and performing their reactions.

2.1. Synthesis of the polyurethanes

The castor oil was dried in a vacuum, for 10 hGIC7in a water bath before being used. The driedbcast was
placed in a three-necked, round-bottom flask eqdppith a stirrer, dropping funnel and thermomefene
temperature was maintained afCaand the diisocyanate was added under constatimgtiThen reaction mixtures
were cast into preheated mould coated with siliznd heated in an oven at 200for 12 h. The goal of this study
was to prepare castor oil based polyurethanes different types of diisocyanate (toluene diisocyanand
hexamethylene diisocyanate). Polyurethane formati@s confirmed by ATR-FT-IR studies by detecting th
urethane band at 1515 efnand the appropriate NCO/OH ratio was determinaset on which, polyurethane
nanocomposites (PUNCSs) were further synthesizeld avfferent clay loadings.

2.2 Synthesis of HMDI-based Polyurethane Nanocompites

HMDI and castor oil were dehydrated under vacuureroight at room temperature and°60) respectively. The
clay was dehydrated in an oven at 9O®vernight before use. Three sets of samples itimgal, 2.5 and 5 wt. %
of OMMT were prepared as follows through in situymeerization technique: the desired weights of pblgnd
OMMT were measured in a plastic flask (with nitrogalet and temperature control jacket) and mixath va
propeller stirrer at 1200rpm for 2 h at-fQ The dispersions of organoclay were then sordcte30 min at 60C
with an external cooling bath. The ultrasonicatpyncess was performed at a frequency of 20 kHz waiithinlet
ultrasound power of around 1W/mL (UIP 1000hd ulbrés processor, Hielscher ultrasound technology).

1.Instrumentation :

1.1.FT-IR Analysis

A Vector-22 FT-IR spectrometer (Bruller Optics, IBiica, MA) with a resolution of 1 cm-1 from 4008400 cm-1
using KBr pellets was used to verify the completadrihe resin curing reaction and the presenceesf isocyanate
groups (NCO) in cured nanocomposiRRspectra The Fourier transform infrared (FT-IR) spectra wereorded
on a Nicolet 8700 spectrometer, in the range 4@B&4cm'.

1.2.TGA

The thermal degradation pattern of the pristine &Uwell as the PU-C30B nanocomposites were detethiiy
Thermogravimetric Analysis (TGA, Universal V4.5AATInstruments) under a nitrogen atmosphere. Thepksm
were heated from room temperature to 600 °C attea 08 10°C/min. The weight change of each sample wa
recorded as a function of temperature and thetseesudre compared to pure clay. Given that the iaoigclay has
much greater decomposition temperature than thanaxgpolymer, the content of the clay inside thenglas was
estimated from the comparison of curves.

3.3 . X-ray diffraction (XRD) analysis :
PowderXRD patterns were obtained using Simens/Bridxe000 Diffractometer, with monochromatic Cu Ka
radiation (k = 0.15418 nm). Scans were obtaingtién?2h range = 20-60 _, with a step size of 0.02re¥ s.
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3.4. Mechanical properties
Tensile property was measured according to ASTM 38 &y a universal testing machine (LR 50K, Lloyd
Instrument, UK) with a gauge length of 20 mm armasshead speed of 5 mm/min.

3.5.SEM

Morphology of the Poly(FAn)/c-MWCNTS composite wasvestigated using a Philip XL 30 SEM at an
accelerating voltage of 25 kV. The sample was @&t at liquid nitrogen temperature and then wadezbwith a
thin layer of gold before observation

RESULTS AND DISCUSSION

1.3. FTIR Analysis

FTIR spectra of the nanocomposites were record&d iR Nicolet, Impact 410 spectrophotometer. Smalntities

of the finely powdered samples were dispersed ne pluied KBr and further ground to a fine mixturea mortar
before pressing to form transparent KBr pelletsdioalysis. FTIR spectra of PUs (and polyol-basdguypethanes)
are well known to be sensitive to hard domain oiion and the urea and urethane hydrogen bonding.
Consequently, to understand the possible reacti@iamay occur among the reactants (HMDI, PU ar80B), the
FTIR spectra of C 30B, HMDI cured PU and HMDI cuid/C 30B nanocomposites containing 2.5 wt% modiifie
clay (SM-15) are recorded The characteristic absorptions peaks of the RUadiserved at 3306 efn(N-H
stretching frequency), 2925-2852 -An{—CH2— and —CH stretching frequencies), 1731 ¢n{carbonyl urethane
stretching), 1526 cr (CHN vibration), 1223 cri (coupled C-N and C-O stretching), and 1079 1cfC-O
stretching). Comparison of neat PU(SM-12) with thanocomposite, i.e., (SM-15) indicates that all the
characteristic absorptions of PU remain unchangethé PU/C 30B(SM-15) nanocomposite. But the uretha
characteristic peaks at 1732 and 15261care enhanced due to the formation of more numbereathane linkages
during the course of the curing reaction. Abserfcgeak at 2270 crl (-NCO group) confirms that all the HMDI
have been used in the curing reaction. In caséefhfanocomposite (SM-15), it is evident that tharabteristic
absorption peaks at 522 em(Al-O-Si deformation) and 1047 ein(Si—O in plane stretching) are observed.
Furthermore, the extra absorptions at 3700-3400 ¢hM—H stretching) and 1240 efn(amide vibration) indicate
the formation amide structure between C30B and Rtk matrix. The FTIR spectra also reveals that the
nanocomposite with Cloisite 30B(SM-15) has the abtaristic peaks at 1731 ein(carbonyl urethane stretching),
1526 cml (C—NH- vibration), 1223 cAl (coupled C-N and C-O stretching), 1079-£rlC—O stretching), 522
cm-1 (AI-O-Si deformation), and 1047 ein(Si—O in plane stretching), indicating that theymoér chains have
intercalated into the gallery of C30B .Some polyciegin ends with -NCO groups come closer to thmijcof the
clay galleries during nanocomposites preparatiah r@act with CH2CH20H group of the quaternary amionon
ions to produce urethane linkage, -CO-NH-, leattirgfine dispersion of the clay particles.
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Fig. 1 FTIR of Polyurethane Nanocomposite of HMDI+C30B - 0 % (SM-12)
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Fig, 2 FTIR of Polyurethane Nanocomposite of HMDI+C30B-2.5 % (SM-15)

1.4. Thermogravimetric analysis

The thermal degradation of polyurethane occursvimgtages: the first stage is mainly governed leydbgradation
of the hard segment and the second stage correlaiesvith the degradation of the soft segment. &alty, clay
particles can enhance the thermal stability of pry by acting as thermal insulator and mass trahgparier to the
volatile products generated during decompositidre &ffect of clay as thermal insulator and masssfrart barrier
on thermal stability can be increased with imprguvine dispersibility of organoclay.
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Fig. 3 Thermogravimetric and derivative curves of #-12 (Neat PU of CO+HMDI)

The thermal stability of SM-12 and SM-15were investigated by thermogravimetric analyzer AJGThe
degradation behaviour of the composites . The flesjradation temperatures (T1), i.e. the tempezatat 5%
weight loss of the nanocomposite (SM-15), with theception of the control material was in the same
neighbourhood of pure PU (SM-12) . The first degtaxh is mostly dominated by the degradation ofaoig
modifier present in the clay. The derivative of tleight loss curves gave distinct degradation teatpes peak
(T2) , where the effect of clay particles is clgaten. The T2 values of the nanocomposite areshitjan those of
pristine PU. This result indicates that clay—polymieactions had almost no effect on thermal degimda
behaviour. In the case of all the polyurethanesmall % weight loss observed in the temperaturgaat00°C -
200°C is apparently associated with adsorbed watenhigher temperatures (300° C and 400° C), theytdoss
observed in polyurethanes are 35%, 85% (SM-12)3d, 80% (SM-15)respectively at the same temperature
thereby proving the higher thermal stability of tiged polyurethanes.
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Fig. 4 Thermogravimetric and derivative curves of #-15 (PU of CO + HMDI +2.5 wt % C30B)

1.5. XRD analysis

As a result, the XRD result indicates that the oogday is highly exfoliated. XRD is generally emydal to
characterize the interlayer spacing in clay pasiciwhich is correlated with their extent of intdation. As the
polymer chains are intercalated, the gallery heigbteases, resulting in the shift of charactarjsteflection to
lower angles. If complete exfoliation takes place,peak would be seen in the XRD pattern. The XREBM-15,
where it can be seen that the diffraction pealSigr15 appears at 20.3°Avhen compared to 18.48 for pristine
C30B, suggesting the formation of intercalateddaist .
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Fig. 5 X-ray diffraction analysis of PUNanocomposks of HMDI (with 0% and 2.5 % C30B in SM-12 and SM15)

1.6. Tensile properties

Typical stress—strain diagrams of polyurethane @oigurethane composites of three varying amountdayf . The
modulus and tensile strength increased for all ethetay loadings in composites of PU + HMDI. In the
nanocomposite containing 5 wt% clay, the modulus temsile strength increased by 110 and 170%, ctsply,
over pristine PU. Such improvement can be attrihute clay—polymer tethering as well as hydrogendiag
between clay particles and the polymer. Hydrogemdbw had much impact on the tensile strength.|feady seen
in , the values of NCO/OH ratios for the contrdtarial are similar to that of neat compositeshefdiisocyanates,
although the value of tensile strength of PUNC ofilH reported (4 MPa) is much smaller than thattlod
composite of TDI (12.8 MPa) with 5 wt% clay contemhis indicates that hydrogen bonding did not dbaote
significantly to the tensile strength of the claymposites. The values of tensile modulus, on therdtand, were
dominated by the clay particles. The strain at biid not improve as much in the presence of claiges. This
can be attributed to restrictions on the mobilitypolymer chains during stretching by the tetheittay particles
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Fig. 8 Scanning Electron Micrograph (SEM) of PU Nancomposites of HMDI

1.7.SEM studies

In the SEM, the gray coloured regions indicate lihék of the polymer matrix and the brighter spatdi¢cate the
distribution of clay particles. However, the phemomon of exfoliation, intercalation and aggregat®mlifficult to
study from SEM conclusively, which can be easilflected from TEM photomicrographs and XRD studi€ke
cross-sectional area of the SM-12 (neat COPU of HMizas smooth and dense, with no evidence of pores
channels. On the other hand, the SM-15(PU-NC wi&2 C30B) surface was completely rough due to the
homogeneous distribution of the clay aggregatethénpolymer surfaceF{g. 8). This could be attributed to the
chemical interactions between the polar clay serfand polar urethane bonds present in the segnoéritse
polyurethane.

Since no large clay aggregates could be observéideoinactured surface of the samples, it can bgested that the
procedure can be utilised for synthesis of polthaeé nanocomposites.

CONCLUSION

This study shows that covalently linked PU/n-HMDdoneposite and the nanofibres of this composite were
successfully collected by the electrospinning pssc@ he morphological appearance of the composite ssnooth
and uniform in size, with no visible n-HMDI partéd on the surface. These high-surface-area naasfitwuld
potentially be used in biomedical and dental apgilims because of their bioactivity and becausi thechanical
properties can be adjusted to suit. The synthekisraered polyurethane from , hexamethylene diiaoate
(HMDI) . Hydrophobic nanoparticles and nanocomfmosiof 1,4-hexamethylene diisocyanate (HMDI)-mimaif
PU nanoparticles (PU-NPs) have been synthesizathhtent temperatures. The platelet-like nanocly$tacome
pseudospherical after modification with HMDI anck thize increases or decreases depending on diisteya
concentration compared to the ungrafted partickeseaealed by scanning electron microscopy (SEMdlis. The
obtained nanocrystals were characterized by mehitiseoFT-IR and X-ray diffraction (XRD) techniqued/hen
compared with the hydrophobic performance of thenadified starch nanocrystals, that of crosslinkéarch
nanocrystals significantly increased. X-ray diffian reveals that the crystalline structure of nfiedi starch
nanocrystals was preserved. The resulting hydraphstarch nanoparticles are versatile precursorsthi®
development of nanocomposites. The polyether-petinane crosslinked with UP-NPs nanocomposite éekiib
thermo-responsive electrical conductivity.
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