
IV.Conclusion
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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 (R)

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 doo 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 rsults of tensile strength of PU/SMA/ALA-MMT

nanocomposites are higher than the coresponding PUrTIy-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 PUISMA/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.



u ar



This thesis contains three main parts includes the introduction,

experimenta} part, and results discussion. Ln addition, it contains the

conclusion, references, english summary and arabic summary.

The first part, hnlroduction: 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 secondpart, Experimental: it contains a complete description of the

materials, instruments, 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. Als0, 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 RR,

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, ie. the clay was

completely exfoliated in the polyurethane matrix. lt 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 PUrTyr-MMT.
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1. ABBREVIATIONS
USED IN THIS THESIS

Polyurethane

Polyurethane urea)

Segmented polyurethane urea

Cation exchange capacity

Critical micelle concentration

Polypropylene

Poly(methyl methacrylate)

Montmorillonite clay

Vinyl benzyl diethyl dodecyl ammonium chloride

Organophilic montmorillonite clay

Dynamic scanning colorimeter

Dimethyl acetamide

Sodium dodecyl sulfate

Styrene butadiene rubber

Polyurethane interpenetrating network

Unsaturated polyester resin

Cetyltrimethyl ammonium bromide

Poly(ethylene glycol)

Poly(propylene glycol)

Blectrometric polyurethane

Toluene diisocyanate

Dimethyl formamide

Tetra hydrofuran
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Thermogravimetric Analysis
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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 7enta, Egypt

Nanacomposite polyurethane {PU)-organoclay materi­
as have been synthesized via in-situ polymerization. The
organoclay is tirst prepared by intercalation f tyramine
into montmorillonite (MMT)-clay through ion exchange
process. The syntheses of polyurethane-organoclay hy­
brid films containing difterent ratios of clay were carried
out by swelling the organoclay into diol and diamine
followed by addition of diisocyanate and then cured. The
nanocomposites with dispersed and exfoliated structure
٥f MMT were obtained as evidenced by -ray diffraction
and scanning electron microscope. X-ray diffraction
showed that there is no peak corresponding to dبم 
spacing in organoclay with the ratios up to 20 w%, SEM
images contirmed 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 0% organo­
cay. POLYM., COMPOS., 28:108-115, 2007. 6 2007 society of
PlastIcs Engineers

INTRODUCTION

Irtroducing Ihe pomnisig nanocompsite, which is de­
scribed as the Nexا great new frontier of mauerils science,
recognized the teclnological development ot this ceItry,
Nanocoposites are a class of conposite malerials having
mnore than one solid phase wit a dinnension in the [--20 nm
ranges in which the reinforcing phase dinensions arE in the
order of nanoneters { .[ ا Layered naterials are potentially
well suited for the design of hybrid nanocomposites, be­
causc their lamellar elerents have higl in-plane strengih,
stiffness, and a high aspect ratio,

Polymner-nanoconposites are a class of polymers rein­
forvecd with a smal quanlity (١-10% by weight) of paricles
witl nanomeIric size. The polymer-layered silicate nano­
composites with polymer cia intcrcalating gallcrics of
adlyacent silicate layers tu farm Extuliared or intercalated,
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which represeiit ipuveD or Tew poperlies compared wih
bulk plyIne1, 1av a«tractedl Itcl iRtetUst. The signIfie n1 د
improvement in the properlies in vonparisiUn to the unmod­
ified resin or convenuional polymner-conposite with unOr­
ganic fillers were observed. These pruperUies 1nelude Ie­
chanical (modulus, strength. fiacture toughInless, nd surface
hardness) [2}, harrie performance [3] thermal [4[, famma­
bitty resistunce [5], and solvent (o١ water) uptake [6]. To
athIeve euivalent physical preperties, the conventia!
polymer comnposRtc must mix with more than 30-40 wt%e af
itorguanic filheIs such sة talc. mica. silica. and carbon blak.
wlereas a nanoconnposite only requires thE ddntio ot
few percent if ]-mmn thick !ayered siicate is well dispersed
on a nanoscale (extoliation).

The smectic clays [e.g، montmorillonite (MMT)] and
related layered sIlicaes are the preferred inorganic reintore­
ing materials for polymer nanoconposites for {wo inportant
reaKUns: Tte [irst Exon is they OccIr uhiuitously :n IatIre
and can be obtaied 1n nineraloglealy' pure form :u Iuw
cost. The second rcason is they cxhibit a very 1tch١ Itrv:ا ­
lation clemisIry. whtch allows tlem to be chemnically Md­
ified and made comnpatitle with organic polymners tor dis­
persal on a nanometer length .cale ؟ The layered clay­
polymer nunocompositcs can be prepared by replacing tle
hydrophilic Na' nd ن Ca' exchange cLions of tne n tive د
clay with moe hydrophobic onium ion t {urm ٤ polymnr­
clay hybrid through two ways. The tirst way Is the interca­
lation of a monomer into the clay interlayer and subsequent
heat treatment for polymerization (i-situ) [7]. Tle second
way is the direcl intercalation of a peformne polymne irto
the layered clay {8].

Since tle development of nylo-6fclay ninouonpsite
by Toyot reseurehers {9], extensive studies on polyIer­
clay nanotommpusites have been Ivestig:ted to ubtai1 nEw
organic-iIorganic nanccoInposites with enhunced pTOpeI­
ties. The use of clay or organically modifie clay a٢ pre­
curSOrs for prepaation of nanocomposites has been sTudied
into various types ot polymer sysTemTs including polyamitle
6 [I0[, poly(oligooxyeLhylene methacrylate) \11[, ep0»y
[12l. polypropylcne {13], polyacrylamide [14l, polypyrrl
[15], plysIyTene [16\, ply(-pluenyewe inylene) \!7\

w'4ن٤٧ 
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FIG. 1. IR spectra tor organoclay I and PU-Tyr-MMT ٤٢  ي«٠4

ply(¢thylenr wside) {18[, ptlyeprolictute [I'\, andl poly­
(wctHwyl wtethtte1ylat¢1 . إ2]

F»lyutethaes ( و') uIe ue t tle tNtst inleresting
lasses of Synthetie elastomers that lave utique properties.
PU's elastomers are a family of segnented polymers with
soft segImenls derived from polyols and hard segments from
isocyanates and chain extendes, They are very versatile
polymer matrials and their properties can be mnodified by
arying the PU microstructure and by uispersing inorganie؟ 

fihlers in PL matrix [21]. PUs have the advantages such as
the best abrusion resistance, outstandIng oil resistancc, and
excellent low-temperature tlexibility. They also exhibit the
widest variety of hardness and elastic moduli that just fill in
the gap between plustics and ruhbers. However, they shOw
poor theral stability and barrier propery, which can be
modified by clay {22l.

In recent years, mnuch attention has been focused on
PU-clay nanocomposites, which repesenl greally im­
proved performance properties compared to the pristine PU
{23-.33]. However; there also exist somne disadvantages con­
cemning wit themmal stability and solvent resistane properties.
S0, the present work will discuss our efforts to synthesis a new
PU-MMT manocomposites with impreved themal, mechani­
cal, and solvent resistant PU-clay nanocomposites.,

suspendcd clay with vigotou stirring C%( ا6: The 1esultan1
5uspensIoN was stirred overnight. 1he suspenston wة s ­[ ن
lowed to stand for a {ew hours tollowed by {iltraion through
sintered glass (C4) and finally washed by drstilled wate٤
until no white precipitate was detected on addition of
AgN0, solution to the filtrate. The produet wts dried at
-50%C uder vacuumn to yield 11.18 g 0f MMT-tyramine
intercalatc product. The product was rcacatcd witl tyramine
by swelling in mixture of 200 mml DMF and 20) mnl watet
followed by addition 1 of tyramine hydrcchloide solutiuM in
10 ١nl distilled water, and the procedurt was repeated :s
previously to give 11.39 g 0f MMT-1yramnine inLercalate ].

The characteristic propertics wcrc investigated by infia­
red (IR) (Fig. !); termogravimnetic analysis (TGA) (Fig.
2); calcination; elemental microanalysis, swelling daIa T:­
ble l: and 2-ray diffraction (XRD) (Fig. 3).

Syntlesis o٣'P{}-Ty0٣-٨T Maocompsites ll, ,

A 16 g oT dry diol (PEG-1540, 10 34 mmol and 8.3 g 0t'
the diamine (Jf-40), 20,75 mmol) were mixed at molar raHio
of 1:2, respectively and dissolved in 24.3 g of the drRed
DMF to give a solution (50% ٧/w o! mononers/sulvent)
and it was kept as stock solution.

A 0.2105 g of the organoclay I was mixcd wiU 8 g ot' te
previous stock dioldiamnine solution ( .e. ا 4 g diol/diamine) and
stirred for 6 h till the miKture becomes homgenous and the
organoclay completely swelled. Using the dropping finnel.
06 g (0.5 ml, 3.448 mumol) of TDR was added dropwise wuh
vigorous stining at room tcmpcrature. The rcaction mxture
was stiIred for 8 h to give nanocomposite witl1 5 wt% organo­
clay by in-situ polymerization techniuue. Nfier renving the

EXPERIMENTAL PART

Materials

Kunipia-F, sodium montmorillonite clay (Ma' 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 vaeuu.
Tolylene-2,4-diisocyanate (TD) was provided by Fluka,
Cernany, and having 99.5% of purity for 2,4-isomer with
an m.p. ot 21%C, was used as received. Jeffamine D-400
(Jf-400) [poly(oxypropylene-diamine)] was supplied from
Huntsman (Denmark) and used after dehydrating by evac­
uation at 80%C for about 6 h just before use. Tyramine
hydroclloride (Tyr) was used as obtained ftom Tokyo kasei.
Poly(ethykene glyco!) (PEG-1540) with aver'age molecular
weigh of 1540 was purchased fron Kock-Light Laborato­
ries, England and was dried under vacuum at 80%C for 6 h
just before use. DimetyltormaTide (DMF) from Adwie
(Egypt) was used after distillation and drying over A4
molcular siewe. Ethanol (from Adwic, Egypt) was used as
obاained without firther purification.

Preparation of Tyranuine/hontnuorillonite Organocly !

The montmorillonite (I0 g, =ll.9 mequiv.) was swelled
in 350 m! distilled water overnight with slow stirrng. The
tynanine hydrochloride (2.05 g, 11.82 mequiv.) dissolved in
50 nl distilled water was added slowly to the swelled
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putssium bronite dIsc techniuue in the wiVerIuIber Tange
0f 40M-40) cm- . ا

Thermogravinetric analyses (TGA) were dletermined
with a Rigaku Thermo PHus 2 TG-DTA TG8120. The he،١­
ing Iate was 5%C/min in all cases in the tenpEature raIge
-30-800%C in air and under argon flow.
Calcination Measurements. A uefinite weight of tle san­
ple was introduced into a porcelain cruciblc and dried in n
electric oven a 120"C overnighL, then introuuced Inlo ،n
ignition oven and the tenperature w as increased to J(0''C
and adjustcd at this tempcrature for 5l. The loading of each
sanple was Exressed as the weight loss by igntion per
100 g of he dry sample. The data of all prepared sanples
a1e listed in Table [.

X-ray diTfractian (XRD) measurements were cartied ou
using a Rigaku RINT2000 Powdcr-Liffractometer cquippcd
with a N١-fhtered Cu Ku radiation ( = 1٠54I8 A ar
scanning rale 0.05%/sec، iverge slit 0.3%}. Measurenents
were made for th dicd product to examine th intcIlzy r
aciiviy in e compsite s ة prepured.

Morphology of the composite was examined by a Joel
JXA-840 scanning electron microscopy (SEM) euuipped
with an energy dispersie X-ray detecLor to examine the
morplology and particle size 0f MMT in the polyme­
MMT comnposites. Specimen was deposited on double-sidcd
scotch tape and examined at their fracture surfae.

Mechanical properties of the samples were tested wuth un
Hnstron mechanical testcr [modcl LR5K plus (LLOYD)} at
crosshead speed of 500 mmlmin, The [-shped specimens
were prcpared with 5 cm (5X 0 'm) in length, I cm (l

10 m) in width, and 330-450 pn (0.33-0.45x 10 '
i thickness. Fo each datum point, five samples weIeر( 

tcsTed, and the average vahue was recotdcd.
The swelling degree was determined by taking a definite

weight (about 0.15g) of the dry sAmple and introduced into
a small sintered gluss and ahlowed to ibibe in dfferen
$olvents, surh as distiled water, benzene, and aceIone, tor
24 h. The EKcess solvent was removed by gentle centrifu­
gation. The swelled sample was weigled and resuspended
in the solunt. This procedure ws repeated until obtaning
on a constant weight for the swclled sample. The swelling
degree of euch samnple is expessed as the amount ot sorbed
solvent per I0 g of dry sample.

RESULTS AND DISCUSSION

Synthesis andl Strcrre

The ,ynthesis of PU-oganoclay nanoCopOsItes ws
carried out through the following steps as 1llustrated In
Scheme !: the first sTep involves thc modifcation of hydro­
philic clay to become organophilic and promote the absorp­
tion of organic matcrials uscd in formation of PU and
imnptove the particle-١ntrIK interaetiOns This step w;٤
ahieved tlraugl iun evelvIge praeev؟ be1 wee'١ waliutI
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F1G. 2. ta) TGA tleragrams for PU-organoclay satples (trom Uowa
to wop Il, Il Il ll, I, nd ة .air ),لا مة (H) TGA thermograms under
aا gon unosplete ة {ot PL/-organoclay composItes ll٢.

adso bed gases fiom the polymerization mixture, the PU-clay
nanoconposite film Hl, was fored by casting the solution In
a mold and tlen removing the solvent at 80%C in a vacuum
oven for 12 h to give elastic films.

A series of composire samples (I,_ر ) containing difter­
ent amounIs (0, 3, 5, 7, 10. and 20%) of modifie clay (I)
wcIE preparcd by thc sanc proccdurc using the same diol
duamine, and the same diisocyanate to give elastic flms and
the data relevant were illustrated i Table 1.

Medsttrenents

lnfrared spectra (lR) wele caried out on a Perkin-Elmer
1430 ralio-recording iufrareu speclruphotoneler using Ihl
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"Swelling (%) weight) =ت of absotbed solventweight of dry sanple) X 10.

The 9welling daa in Table l indicated that the swellug
degrees in the polar solvenLs such as water and acetone are
٧ery small ur there is no sweiling mn the noIpol a salvenl
such as benzene. These data reReet that there is improve­
ment in the barrier properties of the produced materI:s. lt
was found that the material9 adsorb very small uuunliuy of
the polat solvents such as wAter and acetone in conparisin
with thc nonpolar solvent such as benLenc, th swclling
degree followed the order water = aceIoe > beniene.
Alsu, the dala show a very small incrEase in 1he wale
ptake with increasing tatio ot' clay, whIch can he attubutuن 

to the higher hydroplilic charaeters of clay.
The IR spectra of the samnples were illusrrated in lug. l.

The spectra af modified clay I shows tat the reported NH
stretch band neur 3400 cn ' and NH bend banu near 1645
cmn ' are shifted quite substuntialy to regions associatcd
with "NH, vibration, which facilitate the ion exchange wnu
MMT, A characteristic band appears at 1039, 523, and 462
cm-' for Si-0 and at 3629 cm-' tor OH group. The
uatemary ammmonium group (- ٨' إ± shows a ­hariter ن
istic band at 1518 cma- . ا

The free OH band at 3629 cn' in organocly I dusap­
peared in nancomposites mndicatmng that the sIrog Imter­
acTion are occurring berween OH group in organoclay and
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-ation in MMT and ammonium grotps in tyramine hydroن 
chloide L, which contains tunctional group that can react
wit diisocyanate. The calcinaRion indvcetes that the {unu­
tionalization was achieved with a high degree of conversion
(88%). The second step is the formnation of PU nanocom­
posites. Thiv step is achieved by solvation oF the organoclay
wit the diol as PEG[b]-1540 and diamine as amine-termi­
nated poly(oxypropylene) Jf-400. 1t was found that the
modified clay was first swelled in the Diol and dianiine at
room temperature, and followed by adition of the diiso­
cyanate to poduce the intercalated PUs I,,م. The previous
mixrure was then casted in films to produce the intercalated
PUs IL,م hilms with different organoclay contcnts. The
sTrctural coInposition and properties of the prepared com­
posite materials were detemmine by several analytical tech­
nuiques.

10 05 006.00
2 Theta

4.002 0

SCHEME 1. Freparation of modIfed clay and PU-nadIfed clay con­
posites.FIG. 3. XRD patern tor organoclay l and Pt'-organeelay II,,
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the isocyaate foring the isoeyanate !inkage. lt is ckear that
the ' NH, band near l63 cm 'in organoclay was shifted
to higher wavelenguh near 1690 cm ' with nanocomposite,
which inate that an interaction oceurs between Organo­
clay and the polymer. The spectra of PU Il, shows tha1 the
absorbance tha appcared a1729ا cm ' were ssigned ة to
hydrogen-bonded urethane carbonyl (C=O) ad the oe
that ppeared at 1453 cm' were assigned to a secondary
urctliane amide (CNHI), The specTra of the PU-organo­
clay Iم shows peaks at 1728 cm-' due to the stretching of
urethanc carbomy group ,(C Oط) and at 2919 and 2864

-m-'due to the asynmetric and symmetric CH stretchن 
ing vibration. The 3309 cm ' peak resulted fron the N-H
g0ا up in hydrogen honding: thc main features of various
bond vibraions and hydrogen bonding of these PU-modi­
fied clay nanocomposites remained th same as that of nCat
PU. ThesE results deduce that there were no major chemical
suruclural changes in PU, owing to the presence of organo­
clay.

Thernal Anulysis

Therma! pruperties PU-mnodified إ vlay materials were
deteLmined by both calcination and TGA in atmospheric air
and under inert condition (argon atmnosphere). The data are
summarizcd and listed in Table I and Fig. 2a and 2b. The
data and the figures show the weiglt loss encountered
duting hcating; the PU-modified clay materials wcre 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 compatibke with the calcination mea­
$tremEns.

The TGA thermogramns for the samplcs Il,م in Fig. 2a
indicate that tlere are two stages of decomposition. The fitst
9tage is the shap and major, which involve the themmal
dccotposition of the pclyners present on the surfaces of
the clay layers and intercalated polymers 1to rhe clay., The
ecompositIon temperature in this stage started at =260%C
and took place untl ,C" =ه400 with the corresponding
weigh! loss ranging from t0 ه65 80%. In this slage, the
ditference between the samples is very small witl no order
can he mentioned. The second stage is broad, in which the
weight ios was ranging from =17 to 22% in the tempera­
tute range =400%C to =570%C, 1n this stage. the composites
displayed higher hermal resistance than pure polymers.
THis sIage was attributed to further decoposition of the
rest Intercalated polymers. especially tle polymers present
in tle interlayers of the clay or some salts in the interlayer
of the clay or interval the clay mineral loses OH groups and
thc crystallogrephic structre collapsed [4]. Cencrally, the
first stage appear that the comnposite samnples were degraded
near]y at the same tempereture range and slighuly faster than
pure PU. 'This may be due to the presence of organie
resndues. However, in the second stage, after conplete de­
composition of the snall organic molccules, all the nano­
composites show ligler thermal resistance than pure PU
maIrwces {23}.
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H١ was found tha there are diFerences in the TGA
analysns under argon than in air. This was evplancd ti tw0
teasons: the firs1 is the presence ot oxygen ٤ an help in
increasing the rates of' decomnpcsition. The second is tghc١
therma} conductivity of air than argon. which leads 1o the
slower ueconpositon raLeS uner argun than in ar :s ilhu9-
trated in Tahle I and Fig. 2b. The ata in the Table show
tiat the tcnnperatute at which the sannples losss 5 and [0%
of ts weight is higher undler argo than in air {ir all the
sanples, The derivarion therogravimetric (DIG) undeI
argon for thc samples Il, and Ilر illustratc that the maxi­
mum rate of pyrolysIs was 2l.15 and 20.38% per mnute at
426 and 418%C, respecively. These resuIts indIcate th: the
thermal propenies were imnproved with increasing the cOn-

«
tents of clay up to I0 wt% organcclay as illustrated in Fig.
2b 1n comparison wiuh th sample with t)% clay.

kRD Analysis

Tle crystal ruclure of' MMT onsists ol' {wo-dIen­
sional layers formed by fusing two silica tetrahedral sheets
to an edge-shared octahedral shee of aluminum hydroxide.
Stacking ol layers of cluy pariicles are hekd by weak dipolatr
or van der Waals forees [34]. XRD s ا a powerful techiuue
to observe the extcnt of silicate dispersion, odcred or ds­
ordered structure in the PL nanocomposites.

Figure 3 show typical XRD for whe Na-0-MMT, 0r­
ganoclay I, and PU-organoclay H,_م . Thc 001 refcction has
sharp intense peak at 20 = 5.82° for I, The dرر Spacing was
calculated Tton peak position using Bragg's kaw d = ٨/(2
sin t). It is clear that the d-spacing for Na"-O-MMT (20 =
7.18%, d-spacing = 12.34 A) was increased to 15.20 A,
since onium group in tyranin through an ion cxchange
process exchanges the small inorganic Na cation. Figure 3
presents XRD pattern for organoclay l and a eries Il,_ 0f
PU clay nanocomposites with dIfferent ratos of organoclay.
The figure showed the disappeurance of the peak corre­
sponding to intercalated organocluy with all th r:ios (), 3.
5, 7, 10, and 20 w%). This indicated that the clay wa9
homogeneously dispersed and complelely extollated in the
PU miatrix. These results confirm that modificd MMT witl
different percentages ot' organoclay leads to various degree
of the dispersion in the polymer matrix. These resuts are
similar to the one described using another sTructures in PL
nanocomposites [35]

SEM Eaninction

The examination of the surface ot the deposiiion-olded
samples was invcstigatcd by scanning elcctron micrOscope
(SEM). Figures 4a and 5a shows micrographs of the surtace
at 9000 magnificaiions for the samples Il and ll, as eK­
amplcs. The mnicrographs showed a homogenous dispcrsion
٥f MMT in the PU matrix. The micrographs do not show the
MMT particlcs on the micron level Thc absence of MMT
partickes indieates that the agglonerate did no reveal the
iaog:ie du:is : the pssille ngilieation. Ala. thي'¢١ 
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 يج
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f1C. 4. (a} SL٨ wwivOgraph for HU-arganoclay 03RGcomposite h1\ tb
Element: nappng أ fer 5i 0f' PU-orgaNuetay satcompasi I,,

abSence a٤ MMMT ggregales was confrmed by an energy
dispersion X-ray prube. An image for ckennenla! mapping
tor Si was stown in Figs. 4b and 5b, in wtich the wlite dots
represent uniFotmivy dispersion of Si element. The silicon
mapping shows that the minera! Uomains are HonageIvous)y
dispersed iM te polymer aatrix.

TH٤ Mechuira! Beheiar

• ٢H٥ mmech:nical hehavior f ن PU-organoclay nanocom­
posiIes was investigaed by meAsuring 1he tensile strengt
and elongatio a١ PKوم and at bre:k :nd the rcsults arc
shOwn in Tahle 2 and Fig. 6. The data in the table slow
increasing tensile sIYength wit increasing cl8y contents.
THe tcnsile strength of Tl,, which contain zero percenclay,
was found ١o be 114 kglcn1" aR PKميم ، These values were
incrcased uo 194 kg/ca' wih 5% onganockay, 215 kg/em'
wit 10% organoclay, and 221 kglcm" with 20% organo­
clay. Figure 6a illstraucs thal the tensile strength highly

0Ol 10,1002/pc

٢٤١1

 و
tts١

1:١C.5٠(٤} S٢٨ mierNgraph tor P--orgtwlay ١a8ecopusie 11, tU)
ElewwcnIa! mwapping fr 5 ( { ر PU- urgsnut{١y nanU'orpsIte l٥,

{ffected by the clay contents especi:!!y with the small t:Rios
of clay. The igure shows tha! the increasing rale f tnsile
strength at PK، harge ذ with snl contEnIs 13-5%١ ot
oganoclay than witl the high contents. AIs0, thIe da in
tables And figures shcw tha1 tensile strength T break i­
creased with the sane manuer as a! PK,إم with the smal!
quanti y ا 0f organoclay (3%) tollowed by gradua deereasc
witl increAsing 1he oranoclay GuMntities. Tlis is due «a
icceasing britlenesد and the IRaterials sat1 'oosing theiبو 

mechunical prOperties afier thc point el' PK.,,٠0
!» contrnst, the data in tabke ilusrae that the eongatiun

at RK,م , and at brcak (Fig. 6b) w:s dccreascd with ineres­
itg clay conIemTs. due to icreasinيg #lm strength. lt ws
found that the elongation is aearly the sume a1 PK,,يو :tnd :
break. Alsa, nhe figtre show the clatgatian rae is {urge wih
smal1 coarenIs (3-5%) o} organuclay than wiRh the high)
Contcnts. 'Thcsc duta were conptibke with thc dtuta obt:ineu
in Our work 6 PT-anwiMalNric acit-mntmarillonite ١an­
compUsites [24[.
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TABLE 2 MechanIcal propeItes data fo PU-orgunoelay tanocumpostes Iilms 1l,م,م .

1oad cll (MPن ) Tensile stength (kg/enn?) L:longatIon ('  ر
Organocly Thekness

S،mple ١١w١%) (pm) ٨١ PK., A١ breal ٨١ PK/.٠ A١ heik A١ PK٨٤ ه٨ hteak

١١, 430 0.49 46 1١4 107 0 +16.5 166 2
I 390 و 0١٦١ 0 70 182 1 ١79 5 3188 3٦9 6
١ 5 420 0 82 0 75 194.2 ١775 302 32١4
I17 ر 450 0 9U6 0.757 201.3 168 2 273.4 2803
١4 0,86 )لا(+ ا0 ١} 63 2150 1575 ١10 2 1156
I1, 20 .780 ٧84 ١ 55 ٦ إ] 1447 ،25 ج2

Force MP:x10
"Cة lculAled Hom Ihe relaton "TEnsule Stength (kg/cm)=٠,ج٦;=- - where ١٨١٢ wrehth and t 16 thckness ol the tlm uncler tes1"re،wXt cm، س 

CONCLUSION

A scries of PU-organoclay nanocoInpositvs wcre Syn­
thesied by in situ pnlymerization using diol, diamine. and
toluene diisocyanate in the presence of montmorillonite cl:y
modifed with tyramine. The infrwred (IR) spectroscopy
confirms the interacLion beween the polymer and silicate
layers. The swelling studies show that the swelling degrees
in the polar solvents such as water and acerone are very
small or there is no swelling in the nonpolar sulvent sueh a9
benzene. 'These data of swelling refect thaL there is im­
provement in the solvent resfstance properTy ol' the prepareu
materlals. X-ray analysis showed that the l-spacing in­
creased to more than 44 A, since there is no peak corre­
sponding 4 due برره t the Homogenuusly dispered anu
exfoliated clay in the PU matrix, The SEM resuhts confrm
the dispcrsion of nanometer silicate layers in the PU matrix.
Als0, it was found that the mcchanical properties were
imnproved due to the presence of organoclay. The tensile
surcngth increascd with incrcasing thc organoclay contcnts
t0 20 wt% by the ratio 221% relative to the PU wuth () wt%
organoclay. Also, the elongation is decreased by incrcasing
the organoclay contents due to increasing the stiffness of the
films.
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٠ Polyurethane-nanocomposite materials via in sit
4 polymerization into organoclay interlayers
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New nanocompasite materials based on polyurethane intercalated into organoclay layers have been
synthesized via ir sitw polymerization. The syntheses of polyurethane-organoclay hybrid films were
carried out by swelling the organoclay [12-aminododecanoic acid montmorillonite] into different
kinds of diols followed by addifion of diisocyanate then casting in a flm. The homogeneous
dispersion of MMT in the polymer matrix is evidenced by scanning electron microscope and
-ray diffraction, which showed the disappearance of the peak characteristic to dرم spacing. It
was found that the presence of organpclay 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, Ld.

KEYWORD5; polymer composites; polyurethane-clay nanocomposites; polymer-layered silicates nanocomposIte; polyurethane-organoclay.
hybrids; intercalated polymers
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INTRODUCTION

Nanocomposites are a class of materials, which are described
as the next great new frontier of materials science. Thase
materials have the solid reinforcing phase with a dimension
ranging in the order of nanometers range 120nm.' 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 length scale.

Since the development of nylon-6/clay narocomposite by
Toyota researchers, extensive studies on polymer/clay
nanocomposites have been investigated in order to obtain
new organicinorganic 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 polyer systems12

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 asa significant improvement in the physical and
mechamical properties,"2 barrier performaRce," temma),'°
fammability resistance," solvent uptake,"" compared to the

unmodified resin or polymer with inorganic fllers. The
polymer-MMT nanccomposites can be prepared by repla­
cing the Na or Ca cations of the native clay wit a
hydrophobic onium ion to form organo-MMT, Followed by
monomer polymerization (rsiu)" or by direct intercalatun
of a preformed polymer into the organo-silicate materials.'

Polyurethanes (PUs) elastomer is one of the most
interesting classes of synthetic elastomers that have uniaue
properties. PLs elastomers are a family of segmented
polymers with soft segments derived from polyols and lnard
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 varety o hardness
and elastic moduli that just fll in the gAp between plastics
and rubbers. However, they show poorthermal stabihty and
barrier property, which can be modified by clay.3 TMey are
very versatile polymer materials and their properties can be
modified by dispersing inorganic fillers in polyurethane
matrix, to meet the demands of modern technolog'es sucl
as coatings; adhesives; reaction injection molding fbers,
foams, rubbers, thermoplastic elastomers, and composites.

Recently, much attention has been focused on the
improved perfommance propeties on PU-clay nanocompo­
sites compared to the pristine PU polymer?3-30 The present
work discusses the synthesis of PU-organoclay nanocompo­
sites with improved physical and mechanical properties.
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EXPERIMENTAL PART
Materials
Sodium montmorillonite clay (Na'O-MMT), with cation
axchange capacity (CEC) of 119mEgu/100g, was supplied

.y Coniine Industry Co(apan) under tradename Kunipia-Fد 
5tyrene was supplied from Aldrich and used after purifi­
.ation by washing with 1M NaOH then dried over
nhydrous sodium sulfate followed by distillation under
racuum. Maleic Anlydride (from Merck-Schuchardt,
ermany); 12-Aminododecanoic Acid, from Aldrich; tetrahy­
{rofran (THF) (from Fluka) and ethanol (from Adwic, Egypt)

-ere used as obtained without further purification. Tolyleه 
1e-2,4-diisocyanate (TDD] was provided by Fluka, Gemany,
nd having99.5% of purity for 2,4-isomer with an mp.21%C,
«as used as received. Poly(ethylene glycol), PEG-400, with
verage molecular weight 400 was obtained from WINLAB
aboratory chemicals, UK, was used dried under vacuum at
#0%C Kor 6hr just before use. Polytehhylene glycol), PEG-1540,
with average molecular weight 1540 was purchase from
<ock-Light laboratories Ltd, England, was used dried under
nacuun at 80%C for 6 hr just before use. Diuethytformamtide
DMF) from Adwic (Egypt) was used after distillation and
1rying over A4 molecular sieve.

?reparation of 12-aminododecanoic
cid -montmorillonite organoclay I

2.73g of 12-Aminododecanoic acid (11,9mEq.) wasو 
11ssolved in 500ml of 0.02N HCl and added portionwise
o the swelled suspension of 10g (mEq ي11.9=) montmor­
llonite in distilled water with vigorous stirring at 60C. The
·esultant suspension was stirred for ovemight, The suspen­
:ion was alowed to stand for a few hours followed by
iltration through sintered glass (G4) and washed with
1istilled water until no white precipitate was detected on
dditon oF AgNOو solution to the filtrate. The product was
1ried at C% ه50 under vacuum to give 12.17g of
wMT-12-Aminododecanoic intercalate L. THe characteristie
2roperties were investigated by infrared (IR), thermogravi­
netric analysis (TGA), calcination; swelling data and x-ray
1iffraction (XRD).

.2reparation of poly(styrene-co-maleic
nhydride), PSM, II

10g of pure styrene (96.2mmol) and 9.42g of maleicد 
mnhydride (96.2 mmol) were mixed and dissolved in 3ml of
etrahydrofuran with stirring then 0.2g of benzoyl peroxide
»as added as initiator, The solution mixture was heated at
#%C with stirring for 2hr. The product was dissolved in
,4-dioxane and precipitated in ethanol. The white polymer
7as filtered, washed with ethano] and fnally dried
1nder 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,ahiphatic, stretching), 1777,1725(C=0), 1449, 1396 (CH,
wending), 1219 (C-O anhydride), 953, 922, 762, 73٤'
C-H aromatic, bending, out of plane)

.opyright John ج2007 Wiley & Sons, Ltd.
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Synthesis of PU-PSM-12-aminododecanoic­
MMT nanocomposites Ill,¢
A mixture of 20g (12,987 mmol) of dry PEG-1540, 10.39g
(25.975 mmol) of PEG-400 and 3.38g (10% by weight) of PSM
Il was dissolved in 33.77gdry DMF to give solution (50% w/
w of monomerssolvent).

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 0.6g
(3.448mmo]) f TDI was added dropwise at room tempera­
ture with vigorous stirring. The stirring was continued for
8hr to give nanocomposite by in situ polymerization
technique with 5 wt % organoclay. The PU-clay nanocom­
posite flm Il, was formed by casting the free air (gases)
solution mixture in a mold and ther removing the solvent
under reduced pressure 80%C for 12hr.

The other samples Il,٥ were prepared by the same
procedure and conditions with different amount (0, 1, 10%
and 20%) of modifed clay I and the same diols, and
diisocyanate to give elastic films

Analytical procedures
Infrared spectra (IR) were carried out ona Perkin-Elmer 1430
Ratio-recording infrared spectrophotometer using the pot­
assium bromide disc techniaue in the wave number range of
4000400 ca-1, -

Thermograainetric analyses (TGA) were determined with
Rigaku Thermo Plus 2 TG-DTA TG8120. The heating rte
was 5-10%C/min. under air and argon atmosphere in the
temperature range .30-900%C.

K-ray diffraction (XRD) was observed from an X-ray
diffraetometer, Rigak RINT2000 equipped witA a
Ni-fltered Cu-Ka radiation (A=1.5418A) at scanning rate
of 0.3 degree per minute.

Morpkology of the composite was examined by a Joel
]XA-840 Scanning Electron Microscopy (SEM) euipped with
an energy dispersive x-ray detector to examine the
morphology and particle size of MMT in the polymer-MMT
composites. Specimen was deposited on double-sided scotch
tape and examined at their surface.

Mechnical properties of the samples were tested with an
Instron mechanical tester [model DL-35/ LR5K phus
(LLOYD)] at crosshead speed of500 mm min-',The1-shaped
specimens were prepared with 5 cn (5٧ 10-4m) in length,
1 cm (1x10-m) in width, and 330450 m ر (0.330.45 x
1٥3m) in thickness. For each datum point, five samples
were tested, and the average value was recorded.

Calcination Measwrennents: A definite weight of the sample
was introduced into a porcelain crucible and dried in an
elecric 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 5hr. The loading of each
sample expressed as the weight loss by ignition per 100g of
the dry sample. The data of al prepared samples are listed in
Table 1.

The swelling degree was determined by taking a definite
weight (about0.15g) of the dry sample and introduced intoa
$١١٨l1 $i١١tera ٤\،3 ٨n allowwNأ t imlite in wlitlervt
salvets («listill٤{١14٤r, l١١١١8٢٢٢ and ٨retane) (u 2٠{hr {\١,

Petym Att 'Teclnu 2007, 18 1-9
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['alymeriraton of polyurcthane-nanocomposnte materaIs% W6يa] ا0/3
٢'٢٤٤%% $0l٧٤nt ws remove by gentle centrifugalion

'The swvelled sample was weighted and re-suspeded in the
solvent. 'Tlis procedure was rpeated until obtaining on a
constant weight for the swelled samnple. The swelling degree'
of eAch sample is expressed as the amount of sorbed solvent
per 100g of dry sample.

RESULTS AND DISCUSSION
Synthesis and structure
The synthesis of new organic-nnorganic nanocomposite '
materials was achieved by the intercalation of polyurethane
onto functionalized montmortllonite clay through st
condensation polymerization technique. The synthesis was
carried out through two steps as illustrated in Scheme 1' the
frst step is the ion exchange process between sodium cation'
in MMT and ammonium salt of 12-aminododecanoic acd
which to organophilid-MMT I. This organophilic-MMT٠
contains carboxylic group to react with dnisocyanate and"
hence promote the interaction of organic materials used in'
formation of PU and improve the partcle-matrnx inter­
actions. The calcination indicates the functionalization was
achieved with a high degree of conversion (86%). The seconn'
step is the solvation of the organoclay with the diols and a"
solution of preformed poly(styrene-co-maleic anhydride)"
PSM. This solvation was followed by the addition of the TDL,'
then casted in fiIms to produce the intercalated poly­
urethanes IHl,ج films with different organoclay content .•
The structral composition and properties of the product
materials was determined by several analytieal techniques.

PU-organoclay samples lll,. showed ج very small swellng"'
in the polar solvents (water and acetone), but they showed no"
swelling in nonpolar solvents (benzene), The affnity to water
shows very small increase with increasing the ratio of clay,'
which may be attributed to the higher hydrophilic characlers'
of clay. The swelling degree in water (0.7-1,7%), acetone""
(0.2-0.7%) and benzene (0.0-0.15%) illustrates that there are
improvement in the solvent resistance property of the"
prepared materials.

The IR spectra of the samples were illustrated in Figure 1
The spectra of modified clay 1 show that the NH stretch band
at 3430 cm-' and NH bend band at 1631 cm-' are shifted
quite substantially to regions associated with NH, vibration
which facilitate the ion exchange with MMT. A characteristic
band appears at 1040, 522, and 460cm-' for Si-O; 2928,
2852cm-' for CH aliphatic and at 3608cm-' for acidie OH' "
group forL. The quaternary ammonium group (-N=) shows' "
a characteristic band at 1499 cm-',The free acidicOH band aF'%
3608 cm-' iN organoclay I is disappeared in nanocomposites"
indicating the strong interaction is occurred between OH'  أ
group in organoclay and the isocyanate forming the
isocyanate linkage. Comparing the NH, band at'
1631 cm-' in organoclay with nanocomposte it 1s clear that
this band is shifted to higher wavelength at 1721 cm-''''
indicating that an interaction occurred between organoclay
and the polymer. The spectra of polyurethane ll, shows the " أ ا
absorbance appeared at 1728em-' that was assigned to''
hydrogen-bonded urethane carbonyl (C=O), 1418cm-' to a'
secondary urethane amide (C-NH). The spectra of the'

Polvm A Ttl! 2007, 18 1-9
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Scheme 1. Preparation of modified clay 1 poly(styrene-co-makeic anhydride) PSM and
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synthesized PU/modified cay show IIl peaks at 1719cm- "
that caused by the stretching of urethane carbonyl group (C=
O), and 2921 and 2862cm-' that attributed to the asymmetrie
and symmetric Cس- 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-claynanocomposites 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-organoclay compounds
were determined by TGA uder argon atmosphere, in air
and calcination. The data are summanized 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.

THe thermograms of the samples II.ج were illustrated
Figure 2, which indicate that the thermal decomposition
takes place in wo stages. The frsl stage is the sharp and
n،jr, whieh involve tle therIal 4Rnpwsition uf (l١¢'
plYner$ peset on the $urlats ut the layer8 wf tl١٤0\ '!h١e

 ا "بر. إ٠٠/ا:
 أتهي.ه

 لب ب ،٠،

2000 15o٥ 1000 5D0
cn,-٩

30001400G

Figure 1. ١R spectra for organoclay copolyer ا ll and
PU-organoclay ll٥,e,

Pvvm Ah> ٢ch 27, 18 ٧١
Ih 2, ١.0
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 yyي]

ition tenIperature in this step started from ( يج29 C ta
''١e 1o 1he thrmal decomposition of the polyner!'25tإمن 

pes0١t un the surlates and th intercalated in the layerv f""
the clay. This step followed by a gradually and very smooth'
and very low weigh loss, which may be due to the losses of
OH groups of the clay mtneral and the crystallographc
structure collapsed, or to the further decompositon of some
salts in the interlayer of the clay. The difference in the TGA
analysis under argon than in air can be explained for fao"
reasons: (a) the presence of oxygen in air help in the""
decomposition fast; (b) the higher thermal conductivity 1n air ''
than in argon leads to the slower decomposition rates under '
argo thanin air as illustrated in Table 1, The temperature at:
which the samples losses 5% and 10% of its weight Is hgher
wnder argon than in air for all the samples. These results "
indicate that the thermal property was improved wnth
increasing the contents of clay in air and under argon

٢XRD analysis
XRD is powerful technique to observe the extent of srlicate
dispersion, ordered or disordered structure ١n the poly-"
urethane nanocomposites. Since, the crystal structure of
MMT consists of two-dimensional layers formed by fusng
two silica tetrahedral sheets to an edge-shared octahedral
sheet of aluminum hydroxide. Stacking of layers of clay
particles are held by weak dipolar or Vander Waals torce1و 
Figure 4 shows typical XRD ٤or the organoclay ٢ and"
PU-organoclay IHl.. The dر spacing was calculated from
peak positions using Bragg's Iaw d=8/(2 sin8). TMe
d-spacing for Na-MMT is increased from 1234A
(28=7.18%) to 18.24A (28=4.85) since the smal
inorganic Na cation is exchanged by the ammonium group"  أ

4 ن ا
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 إ1

1 ج م  ن٤2

85432 و10 6 7
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FIgure 4. XRD pattern {or Na-٨MT, organoclay ١ ane!  ا
PU-organoclay samples lllم ،
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Figure 2. TGA thermograms for the PL-organoclay samples
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decomposition temperature in this stage was started at
270C and take place to =400C, which corresponding the=ي 

weight loss ranged from =65% to =75%. In this stage, there is
no order can be mentioned between the samples since the
difference is small. The second stage is a broad, in which the
weight losses ranging from =20% to =25% in the tempera­
ture range %400%C to =650C. In this stage, the samples
displayed higher thermal resistance than pure polymers.
This stage is attributed to the further decomposition of the
rest intercalated polymers present in the interlayer of
the clay, or to the losses o£ OH groups of the clay mineral
and the crystallographic structure collapsed or to the losses
f some salts in the interlayer of the clay. The therma!
decomposition of samples Il,ج under argon atmosphere,
Figure 3, is occured in one step and sharp. The decompo-
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of 12-.uvinuododecanoic acid tirough an ion exchange
process. Figure 3, also presents a series of XRD pattern
correspording to polyurethane-clay nanocomposites IIl,ن 

• wit ratios 5%, 10%, and 20% of organoclay L. This figure
showec the disappearance of the peak carresponding to
intercalated organoclay with all the ratios, whch corroborate
that the chay was homogereous dispersion and completely
exfoliated in the matrix of polyurethanes. Also, these results

'confirm that the different percentage of organoclay leads to

 y6ين]
high degree of the dispersion in the polymer nualrix, as
described by another author. .A?

SEM examination
The microstucture of the nanocomposites was exAmined by
studying the change in the morphology of the MMT witl
scanning electron microscope (SEM). THe examination of the
surface of thedeposited samples did not reveal the inorganic
domains at the possible magnification. Figures 5a and
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Figure 6a show the micrograph of the samp!es IIlم a! 5000
magnifications, which indicates that, the ionic bonding leads
to adherence betweer th polymer and clay, and there is no
mnineral domains could be seen, This indicates that the
aRglomerates f mineral domains are broken down to tHe
elementary particles and are homogencusly dispersed in
the polymer matrix to produce intercalated and/or
exfohiated nanocomposites. Aso, the absence oF MMT
8ggregates was confimmed by an energy dispersion x-ray

Copyight ٤ 2007 John Wiley & Sons, Ltd.

probe. An image for elemental mapping for Silicor {Si) was  اا
shown in Figures 5b and 6, in which the white dots'  ا
represent uniformity dispersion of Si element The Silicon''
mnapping shows that the mineral domnains are homogenvously''
dispersed in the polymner matrix.  اا

 ا
The mechanical behavior ،
Thwe mechanical behavior of PU-organoclay nanocomposites''
was investigated by measuring the tensile strength anc''

Po/yw. Aatt. Terhol. 2007; 18. }  إ
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Table 2. Mechanical properties data for PU-PSM-ALA-MMT nanocomposites films !Vمم 
6 أ

Elongation (%) ٨'
{1,2

At PKم At break ٤+
{٦٤

311.8 348.0 ٤١6٤
285.6 296.5
180.0 189 0
84.1 90.0 ١ و١٩

182 235

٠و

' 5arPle

7١
 ور
 م

Tensile strength
Load cell (M. Pa) (Kg/en%)

Organoclay Film
Contents (%) Thickness (m) At PK At break At PKمم » At break

00 450 3.54 3.42 787 760
1 380 3.67 3.09 966 813
5 360 4.00 2.92 1٦11 811

10 440 5.38 3.30 1223 750
20 330 4.71 1,99 1427 603
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Flgure 8. Elongation for PU-SMA-ALA-MMT samples.

CONCLUSIONS
A series of polyurethanسe clay nanocomposites were pre­
pared by in siHn poIymerization wsing 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 slicate layers. }-ay analysis showed that
the d-spacing was increased to exfoliated layers, since there
are no peaks corresponding to d«ر . The morphology of the
prepared samples was investigated by SEM, which confirms
the dispersion of nanometer siFicate layers n the poly­
urethane maErix. 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 67 times of PU/SMA/
81٠٨-MMT MnruPpusites more than tl١e «OrTsPantIجy 

١١١-٢\٢-MM٦.'

i4
and break as illustrated in Table2. Theرج elongation at RKأ 

ata show increasing the tensile strength with increasing the؟أ 
"elay contents. Since the tensile strength of IIl,,(787Kg/cmا 

14+ PK,) was increased to 1111Kg/e? for Iwit 5%
'organoclay; and to 1223Kg/cm? for IIر with 10% organo-
2flay; aNd to 1427Kg/cmf for IL with 20% organoclay.
·"Figure 7 shows that the tensile strength is highly affected by
the contents of the clay, the rate of tensile strength atRKي is

-'[argely increased at the small contents (1-5%) of organoclay
-hhan at the higher contents. Thus, the tensile strength at break

followed%(5)ة increased at small quantity of organoclay٦ و>>
-"(٥y gradual decrease with increasing the organoclay
-''٥uantities. This may be due to increasing the hardness

d the materials start to loose the mechanical propertiesمو 
4"AFter the points of PK,مر 
3١) THe data of elongation in Table 2 illustrate decreasing the

and at break with increasing the clay,ير elongation at RKأأ 
"ontents, due to increasing the film strength. Figure8 shows

so that the decreasing rate of elongation is higher with'ذ] 
٣all contents (1-5%) than with the high contents of،"أ¢ 

rganoclay. These results are similar to the data obtainedً' 
٦٤ the PU-tyramine-clay nanocomposites,3 wHich indicate

<7٤at the tensile strength of PU/SMA/ALA-MMT nanocom­
/times than the corresponding to PU7س osites is higher  {؟"،6
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 طنطا جامعة
 العلوم كلية
 الكيمياء قسم

 النانومترية المتراكبات بعض علي دراسات
 الطفلة مع يوريثان للبولى المستحدثة

 رسالة

 العلوم في الماجستير درجة على للحصول متمم كجزء

 الكيمياء( )في

 شبى حمك تصر
 كيمياء علوم- بكالوريوس
 القاهرة جامعة

١٩٨٨
 إشراف تحت

 عكيله إسماعيل محمد أحمد/ الدكتور الأستاذ
 رحاب الله فتح أحمد/ الدكتور
 عجاج الرحمن عهد طبرق ا الدكتور



 الرحيم الرحمن الله بسم

 انعما التي نعمتك اشكر ان اوزعني رب
 والدي وعلي

 الصالحين عبادك في برحمتك وأدخلني ترضاه صالحا أعمل أن و
 العظيم الله صدق



 والمناقشة الحكم لجنة

 عكيله محمد أحمد/ الدكتور الاستاذ
 العلوم كلية الكيمياء قسم رئيس و البلمرات كيمياء أستاذ

 طنطا جامعة

 صادق مصطفي /إلهام الدكتور الاستاذ
 البترول بحوث معهد البلمرات كيمياء أستاذ

 خطاب عوض المنعم عبد محمد/ الدكتور الاستاذ
 و العليا الدراسات معهد(- )بلمرات الفيزيائية- الكيمياء أستاذ

 البحوث-
 الأسكندريه جامعة

 رحاب الله فتح أحمد/ الدكتور
 طنطا جامعة العلوم- كلية الفيزيائيه الكيمياء مساعد أستاذ



 بي أ



 الرسالة ملخص

 التجارب و المقدمة هى اساسية اجزاء ثلاث على الرسالة هذه تحتوى

 العربية باللغة الرسالة ملخص الى بالاضافة هذا المناقشة. النتائج و العملية

 كتابة فى بها الاستعانة تم التى والمراجع والاستنتاجات والانجليزية

 الرسالة.

 الأول: الجزء
 البولى واستخدامات تركيب و كيمياء عن مقدمة على يشتمل

 وبعض المتراكبات وانواع مكونات على أيضا يشتمل يوريان،و

 المتراكبات على و النانومترية طفله البوليمر متراكبات استخدامات

 طفلة. يوريثان للبولى مترية النانو

 الثانى: الجزء
 واجهزة المستخدمة المواد من لكل تفصيلى وصف على ويشتمل

 فى الوارده للمتراكبات التحضير طريقة وعلى استخدمت التى القياس

 الرسالة.

• الثالث الجزء

 عليها. الحصول تم التى النتائج ومناقشة استعراض على ويشتمل

 والحرارية التركيبية وخواصها المحضرة المواد على التعرف تم حيث

 تحت بالأشعة التحاليل أثبتت وقد المختلفة. التحليلية بالطرق والميكانيكية

 طبقات بين والبوليمرات المختلفة السطحية المعدلات تداخل الحمراء



 المتراكبات أن الوزنى الحرارى التحليل دراسة أوضحت الطفلة.كما

 الطفلة. مع متراكبة الغير البوليمرات من أعلى حرارى ثبات لها المحضرة

 اكبات المتر أن )الانتفاخ( المذيبات تشرب خاصية دراسة أوضحت كذلك

 المذيبات. لهذه واضحة مقاومة لها المحضرة

 الأشعة بواسطة منه التحقق تم فقد المتراكبات لتلك البنائي التركيب أما

 البوليمر فى الطفلة لطبقات كامل تفكك حدث قد أنه أوضحت التى السينية

 الى الطبقات بين البينية المسافات زادت حيث نانومترية متراكبات لتعطى

 للمتراكبات الظاهري الشكل دراسة أوضحت كما أنجستروم.٤ من أكبر

 فى بتجانس منتشرة الطفلة أن الماسح الاليكترونى الميكروسكوب بواسطة

 ذلك واثبتت للطفلة الطبقية التجمعات لاتظهر أنه حيث البوليمر، مادة

 وهو العنصر لهذا متجانس توزيع توضح والتى السيليكون عنصر صورة

 احتواء حالة في الطفلة لطبقات كامل تفكك تبين و للطفلة. الأساسى المكون

 احتوائه حالة في جزئي تفكك و المعدلة الطفلة من ا% علي المتراكب

.1%0 او% علي

 تحسن أوضحت والتى الميكانيكية الخواص دراسة تمت وقد هذا

1٩٤9-١٧٧ بمقدار الشد قوة زادت حيث المعدلة، الطفلة لوجود

 الذي يوريثان بالبولي مقارنة معدلة طفلة%٢٠ علي المحتوية للمتراكبات

 الشد قوة زيادة علي النتائج دلت وقد هذا. المعدلة الطفلة علي يحتوي لا

 في الأمينولويوريك بحامض المعدلة الطفلة على المحتوية للمتراكبات

٧-٦ بمقدار أنهايدريد( ماليك )ستيرين من المكون الثنائي البوليمر وجود



 المعدلة أو بالتيرامين المعدلة الطفلة على المحتوية المتراكبات عن مرات

 كلوريد. أمونيوم بنزيل( فينيل اوكتاديسيل-)ة- ميثيل داي بمركب

 المعدلة الطفلة نسبة زيادة مع قلت أنها وجد فقد الاستطالة نسبة وأما

 بمركب المعدلة الطفلة حالة فى أما الأمينولويوريك. حامض أو امين بالتير

 زيادة لوحظ فقد كلوريد أمونيوم بنزيل( فينيل اوكتاديسيل-)ة- ميثيل داي

 المعدلة. الطفلة نسبة زيادة مع الاستطالة

 هذه من اليها التوصل تم التى للاستنتاجات ملخص يوجد سبق ما جانب الى

 بها. الاستعانة تم التي للمراجع واستعراض الدراسة


