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SYNTHESIS AND CHARACTERIZATION OF SILICATE
NANOCOMPOSITES CONTAINING
POLYURETHANE/CYCLOHEXANONE FORMALDEHYDE
COPOLYMERS
SUMMARY

Polyurethanes (PU) are engineering materials amve lexcellent mechanical and
chemical properties. Beginning of this centuryypoéthane has incredible progress
in our daily lives. Polyurethanes can be foundignid coatings and paints, tough
elastomers such as roller blade wheels, rigid atgn, soft flexible foam, elastic
fiber or as an integral skin. The origin of polyiln@e dates back to the beginning of
World War 1l, when it was first developed as a agglment for rubber. The
versatility of this new organic polymer and its ldpito substitute for scarce
materials spurred numerous applications. During l@&vdVar 1l, polyurethane
coatings were used for the impregnation of papdrthe manufacture of mustard gas
resistant garments, high-gloss airplane finishesadmemical and corrosion-resistant
coatings to protect metal, wood and masonry. Thet @nthe war, polyurethane
coatings were being manufactured and used on aumstimal scale and could be
custom formulated for specific applications. By thigl-50’s, polyurethanes could be
found in coatings and adhesives, elastomers amifagms. It was not until the late-
50’s that comfortable cushioning flexible foams &eommercially available. With
the development of a low-cost polyether polyolxitidée foams opened the door to
the upholstery and automotive applications we kimay.

Formulations, additives and processing techniqoesirtue to be developed, such as
reinforced and structural moldings for exteriorcambtive parts and one-component
systems. Today, polyurethanes can be found in aliytueverything we touch—
desks, chairs, cars, clothes, footwear, appliarisds as well as the insulation in our
walls and roof and moldings on our homes.

Polyurethane chemistry is complex, but the basice eelatively easy to

understand. Polyurethanes are formed by reactipglyol (an alcohol with more

than two reactive hydroxyl groups per molecule)watdiisocyanate or a polymeric
iIsocyanate in the presence of suitable catalysisaalditives. Because a variety of
diisocyanates and a wide range of polyols can leel s produce polyurethane, a
broad spectrum of materials can be produced to mieetneeds for specific

applications.

Polyurethanes exist in a variety of forms, inclgdiflexible foams, rigid foams,

chemical-resistant coatings, specialty adhesivdssaalants, and elastomers.

However, there are many application areas of thgupethanes, they are also very
limited because of being weak in abrasion, flamardancy and weatherability.

While science focused on improving the propertiepaymers a new subject was
born; Nano science. Particle size is transferrechfmicro scale to nano scale with
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adding incredible values to the materials. Nan@diproducts generally used as
reinforcing and filling materials during the prodioc of composite materials. The
sizes, surface area, structure, if there is coatiogting chemical are affecting the
end properties of polymers. Silica is a well-knomaterial and can be described as
nanoproduct. There are many ways to produce ssiidaThe sol-gel process is a
synthesis way consisting in the preparation oflaaad a gel structure after removal
of solvent. Stober method is the most known onkcddi alkoxides generally react
slowly with water, but the reaction process, hygsa and condensation, can be sped
up by the use of acid and base catalysts. In bpidf,solvents, reactants and water
are the main parameters affecting the silica strectPresence of Si—O-Si bond in
silica-sol can provide resistant and stable polyti&e polyurethanes.

Silika can improve the pronounced thixotropic perfance, the viscosity is precisely
tailored to requirements, the yield point can beéedato ensure good anti-slump
properties, the coating does not show sagging afiplication, The formulation can
be stored for a long time and is easy to process

In polyurethane synthesis isocyanates (hard segraenthe key factors affecting the
specifications of the products. Aromatic basedyaoates have superior properties
but on the other hand they have weak weatherabditg flame retardancy.
Monomeric methylene diphenyl diisocyanate (MDI)nisthe bifunctional structure.
4,4'-MDI is the most used one with high flexibiligt low temperature, heat
resistance, high tensile strength and elasticiigh fabrasion resistance. Modified
MDI is a polycarbodiimide-modified diphenylmethangiisocyanate. The
carbodiimide linkage aids the stabilization of tpelymer against hydrolytic
degradation. Also using chain extenders in polhaeés can provide branched
structure, which helps to increase the hard segrRatyols can be described as soft
segments in polyurethanes. Polyether—urethanelessdhermally stable due to CH
bond of the methylene group than polyester—urethdrerause of the oxidative
cleavage of the polyether structure at high tentpeza.

Industrial resins are generally low molecular weigblid materials and they can be
processed easily. They are used in order to imphavdness, gloss, weatherability
and adhesion properties of coatings. Cyclohexafmmealdehyde resin (CFR) is the
condensation polymer of cyclohexanone and formaidiehwhich contains carbonyl
and hydroxyl . It can also be called polyaldehydtoke resin, ketone aldehyde resin,
ketonic resin and poly ketone aldehyde resin. dinshexcellent compatibility with
many coating/printing raw materials. It is solulsie@lmost organic solvents and
exhibits good wetting and dispersion to the fillsugd pigment. It can also improve
adhesion, gloss and hardness of coatings. Ikisdaof excellent multifunctional
additive for coating.

Combining CFR with polyurethane resin can improhe tweak properties of
polyurethanes.

In this study, many trials were done to monitor gendy changes of silicate

containing polyurethane-CFR  copolymers. During s thicharacterization
spectrograph,TGA, SEM and many other new methaelsised.

XX



During the trials all the steps was monitored bylRT After the reaction completed;
samples layered on glass plates and cured in ramxditon. Total curing of the

samples took 7 days . Then the characterizatiorthef polymers realized. In

conclusion, it was observed that with CFR and atié¢ the physical properties of
polyurethanes are improved.
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SILIKAT NANOKOMPOZ IT iCEREN POLIURETAN/SIKLOHEKZANON
FORMALDEH IT KOPOL IMERLER IN SENTEZi

OZET

Poliiretanlar muhendislik malzemeleri olup, iyi raek ve kimyasal 6zelliklere
sahiptir. Polidretanlar gunluk yantimizda bircok alanda kamiza cikmaktadir.
Kullanim alanlarinin ve gdlili gin yaygin olmasina fggmen yanma ve giortam
kosullarina kagl dayaniksiz olmalari bu alanlari zamanla sininkangtir.

Poliiretanlar , sivi kaplamalar ve boyalar , @nepaten tekerlekleri , kati yalitim,
yumuwak, esnek bir kdpik , esnek elyaf veya tamamlaledi gibi sert elastomerler
olarak kullanim alani bulabilir. Politretanlar ikarak kaucga kagl alternatif olarak
gelistirilmi stir. Bu slreg, ikinci Dinya Sayenin bglangicina kadar uzanir. Dinya
Saval sirasinda , politiretan kaplamalagkaemprenye ve hardal gazina dayanikh
giysiler , metal , ayap yuzeyleri korumak icin kimyasal ve korozyona ataili
kaplamalarin tretimi icin kullaniingir . Savain sonunda, politretan kaplamalarin
Uretimi standart hale getirilmive endustriyel 6lcekte, 6zel uygulamalar icin fdten
edilebilir hale gelmgtir. 1950’lerin ortalarinda, politretanlar; kapldiara ve
yapskanlar, elastomer ve sert kopuklerin Oretiminde gyay sekilde
kullaniimaktaydi. 1950lerin sonlarina kadar ise atabir singer yatak, yaygin
degildi. Dusuk maliyetli polieter poliolin gelmesiyle birlikte, esnek kodpukler
bugiin bildgimiz ddemelik, mobilya ve otomotiv uygulamalari icin afiatif
olusturmaya bgladi.

Polidretanlarin formulasyonlari, katki veleme teknikleri gektiriimeye devam
etmektedir. Bugun, poliiretanlar hemen hemensbhgde bulunabilir; dokunmatik
masa, sandalye, araba, giysi, ayakkabi, beyga, eyatak gibi... Bunun yani sira
evlerimizde duvar izolasyonunda ve cati kaliplamada da kullaniimaktadir.

Poliiretan kimyasi karme&, ancak temelleri anlamak nispeten kolaydir.
Poliiretanlar, uygun katalizorler ve katki maddelerliginda bir diizosiyanat veya
bir polimerik izosiyanat ile bir poliolin (molekibissina ikiden fazla reaktif hidroksil
grubu iceren bir alkol) tepkimeye sokularak eldelnedtir. Diizosiyanatlarin bir
cssitlili gi ve poliollerin gerg bir yelpazede olmasi sebebi ile ¢cok 6zel uygulamal
icin Ozel politretanlar tretmek mimkunduir. Poliardar bir cok formda bulunabilir;
esnek kopukler, sert kopukler, kimyasal-direnclipleanalar, 6zel yaptirici ve
mastikler ve elastomerler 6rnek olarak verilebilir.
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Poliiretanlarda izosiyanatlar, sert-bolim (hardrsewt) olarak tanimlanir ve yapiyi
etkiler. Aromatik bazli politretanlar bircok iyi élige sahipken di ortama ve
yangina dayanimlari zayiftir. Monomerik bazli MDBifonksyonel 6zellie sahiptir.
Izosiyanatlar icerisinde yanma dayanimi veudiisida iyi fiziksel ozellikleri ile
diger izosiyanatlardan ayrilmaktadir. Modifiye MDI ipelikarbodimid-difenilmetan
diizosiyanat olarak gecmektedir. Karbodimid gbairinlere hidrolitik direng
kazandirmaktadir. Politretanlardageli bir sert-segmet ise $aarttirici olarak
tanimlanan drtnlerdir. Politretanlarda polyollemygak segment olarak tanimlanir.
Polyester polyollere gore polieter polyoller c¢ok hdaiyi sicaklik dayanimi
salamaktadir.

Bilim, polimerlerin 6zelliklerini iyilestirmeye y@unlastiginda, yeni bir konuda dnem
kazanmaya bdamistir; Nano. Parcacik boyutu micro dan nano boyutenugir.
Nano boyuttaki dolgularin 6zellikle kompozit malzelerde kullanim alanlar
bulunmaktadir. Boyut, ylzey alani ve vyap, polimen 6zelliklerini
degistirebilmektedir. Silika da nano Urin olarak tanimteaktadir. Silika Gretmek
icin bircok metod bulunurken sol-jel en yaygin olaharak tanimlanabilir. Sol-jel
proseste; sol ve jel hazirlanir sonrasinda isesigeieki solvent ugurulur. Bu metodta
silikon alkoksit yava olarak su ile reaksiyona girer. Bu reaksiyon asya baz
katalizorler ile hizlandirilabilir. Genel olarak seemde pH, kullanilan ¢6zlcu,
reaktanlar ve su, afan silikanin tanecik yapisini etkileyenshea parametrelerdir.
Si—O-Si b&! polimerlere stabilite kazandirmaktadir.

Silika kullanildgr malzemede; reolojiyi iyilgirmekte, viskoziteyi uygun, cahbilir
araliklara getirmekte, akma noktasini iyilanekte, 0Ozellikle kaplamalarda
uygulamadan sonra akmayi engellemektedir.

Endustriyel recineler katilgh triinlerin fiziksel dzelliklerini iyilgtirmede kullanilir.
Siklohekzanon formaldehit recineleri, siklohekzawenformaldehitin kondenzasyon
polimerizasyonu sonucunda gfaus ve karbonil, hidroksil b& iceren polimerlerdir.
Siklohekzanon formaldehit ve politretanlardan kapel sentezleyerek,
politretanlarin  bircok zayif 6zefli iyilestirilebilir. Neredeyse bitin organik
cOzlculer icinde ¢ozindr. Dolgu ve pigment icedsincok iyi 1slatma ve gaim
sergiler. Ayrica katilldy malzeme icerisinde yagnayi, parlakig vekaplamanin
sertligini arttirabilir. Kaplama icin ¢okslevli bir katki malzemesidir.

Bu calsmada 6ncelikle sol-jel prosesi ile silika sentem@nve ardindan silika in-
situ olarak poliiretan — siklohekzanon formaldehggineleri ile hazirlanngi
kompozite eklenerek, nanokompozit bir malzeme ekltliimistir. Bu Urine
karakterizayon tayini icin birgok test uygulargtm.

Denemeler sirasinda, tim adimlar FT-IR ile izlestimiReaksiyon tamamlandiktan

sonra, ornekler cam plakalar Gzerine ygntgmis ve oda keullarinda kirlgmesi
sgglanmstir. Numunelerin toplam kiriene siresi 7 gundir. Daha sonra polimer
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karakterizasyon gercekl&rilmistir. Karakterizasyon sirasinda TGA, SEM,

kullaniimistir.
Orneklerin fiziksel ozellikleri de incelengtir. Sonug olarak, CFR ve silikat ile

sentezlenen politretanlarin 6zelliklerinin iyiigi gozlenmstir.
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1. INTRODUCTION

The aim of this work is to synthesis silicate na&ooaposites containing

polyurethane/cyclohexanone formaldehyde copolynaersn situ method. Silica sol

must be prepared according to Stober method usatigadihyl orthosilicate (TEOS)
as the precursor and later mixed polyester polyolirb situ. Then this mixture

(Polyester / Silica Sol) introduced in to methylehisocyanate (MDI) and modified

methylene diisocyante (MMDI) to synthesis polyueste and cyclohexanone
formaldehyde resin (CFR) polyurethane composité® dim of using TEOS, CFR
and polyester based polyol is to increase the fleaterdancy, dynamic mechanical
properties of materials.

During and after trials, physical, mechanical, thak, spectroscopic and microscopic

properties of samples are monitored.






2. THEORY OF STUDY

2.1 Nano Science and Nanocomposite Materials

The term "nanocomposites” is a relatively new interial science and is used to
refer to a combination of two or more phases, wia¢deast one dimension is in the
nanometer size range.Nanocomposites are multipimaderials where one of the
structural units, either organic or inorganic, msa defined size range 1-100 nm.
These types of materials are expected to exhibit med improved catalytic,
electronic, magnetic, and optical properties reéatio both the parent phases and

their corresponding micro or macrocomposites [1-2]
The proper nanopatrticle surface engineering cagx: giv
* Good dispersion with high filler content
* Provide good rheology

* Materials with improved mechanical properties ¢fa@ strength, toughness,
scratch resistance...) and flame retardancy and ngsatiwith barrier
properties

2.1.1. Nanocomposite structures and characterization mettaes

Depending on the nature of the components usedr@dysilicate, organic cation and
polymer matrix) and the method of preparation, éhrein types of composites may
be obtained when a layered clay is associated avighlymer. When the polymer is
unable to intercalate between the silicate sheetphase separated composite is
obtained, whose properties stay in the same rasgeaditional micro composites.
Beyond this classical family of composites, twodypof nano composites can be
recovered. Intercalated structure in which a sir{gled sometimes more than one)
extended polymer chain is intercalated betweersili@te layers resulting in a well
ordered multilayer morphology built up with alteting polymeric and inorganic
layers. When the silicate layers are completely amiformly dispersed in a

continuous polymer matrix, an exfoliated or delaa@ul structure is obtained [3-5].



Layered silicate Polymer
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Figure 2.1: Schematic representation of the different typesonfiposites generated based
on the interactions of the layered silicate witHypwer matrices. (a) Phase
separated microcomposite, (b) intercalated nanooeitg and (c) exfoliated
nanocomposite

Two complementary techniques are used in ordethtracterize those structures.
XRD is used to identify intercalated structures. dach nanocomposites, the
repetitive multilayer structure is well preservatlpwing the interlayer spacing to be
determined.

As far as exfoliated structure is concerned, noentbifraction peaks are visible in
the XRD diffractograms either because of a much lawge spacing between the
layers (i.e. exceeding 8 nm in the case of orderédliated structure) or because the

nanocomposite does not present ordering.

In the latter case, transmission electronic spectpy (TEM) is used to characterize
the nanocomposite morphology. Besides these twd aefined structures, other
intermediate organizations can exist presentiny bdercalation and exfoliation. In
this case, a broadening of the diffraction peadfisn observed and one must rely on

TEM observation to define the oversitucture [3-5].



2.1.2. Nanocomposite preparation

There are four main routes for the synthesis ofonamposites. (a) template
synthesis, (b) intercalation of polymer or prepotynfrom solution, (c)in-situ

intercalative polymerization and (d) melt interdaa.

Template Synthesis

Template synthesis is not a very common methogbrilrciple, it is totally opposite
in nature than the other usual techniques. Genesadl nanocomposite synthesis
technique; polymer materials are synthesized inpitesence of the silicate filler.
However, in this technique, the inorganic mateisasynthesized in the presence of
the polymer matrix. Double layer hydroxide basedat@mmposites have been
synthesized by using this routesitu in an aqueous solution containing the polymer
and the silicate building blocks. The polymer aids nucleation and growth of the
inorganic host crystals and gets trapped withinlélyers as they grow. Though this
technique presents high potential route for thpeatision of the layered silicate in the
polymer matrices at nanometer scale, however fesifrom some disadvantages.
The synthesis process generally requires the udeighf temperatures, which is
detrimental for the polymer materials. The silicataterials generated by the self-

assembly process have also the tendency to aggri&saj.

Intercalation of Polymer or Prepolymer from Solution

In this mode of nanocomposite synthesis, the oogdlgi modified silicate is
dispersed in a solvent in which the polymer is aisloible. It is well known that such
layered silicates, owing to the weak forces thatlsthe layers together can be easily
dispersed in an adequate solvent. The polymer #usorbs onto the delaminated
sheets and when the solvent is evaporated (or theum@ precipitated), the sheets
reassemble, sandwiching the polymer to form, inbiast case, an ordered multilayer
structure. Under this heading we also include thieomomposites obtained through
emulsion polymerization where the layered siligatdispersed in the aqueous phase.
The use of solvent though leads to the generatfontercalated nanocomposites,
however, this approach is not environmentally fdignowing to the use of large
amounts of solvent. The polymer chains lose entmping to diffusion inside the

silicate interlayers, however, such a processligtstrmodynamically viable, owing



to the gain in the entropy by the solvent molecdlas to desorption from the silicate
interlayers . The technique is mostly used for ititercalation of the water soluble
polymers like poly(vinyl alcohol), poly(ethylene ide), poly(acrylic acid),
poly(vinlypyrrolidone) [3-5].

In-Situ Intercalative Polymerization

Thein-situ intercalation mode of polymerization was the methegbrted by Toyota
researchers, which led to the exponential growthanocomposites research. In this
mode of polymerization, the layered silicate mihesaswollen in monomer. The
monomer, being of low molecular weight can aldtude easily into the interlayers
thereby swelling the interlayers. On initiationtbé reaction, the monomer present in
and out of the interlayers polymerizes to generatrocomposites in which the
layered silicate platelets are delaminated to #r@meter level. However, a control
of the polymerization in and out of the layers egjuired in order to achieve high

extents of filler exfoliation [3-5].

Melt Intercalation

Melt intercalation has developed into one of thesmattractive methods for the
commercial generation of polymer nanocompositeshigapproach, the polymer is
first melted at high temperature and the fillethien blended with the polymer melt
at high temperature under shear.

This technique has an advantage that no solvemtisired for the nanocomposite
synthesis. The polymer can intercalate betweenntieelayers if the silicate surface
is modified in a way that the electrostatic for¢edding the platelets together are
very weak. The use of high temperature requiredctieve a homogenous mix can
however lead to occasional degradation of the sarfaodification and polymer thus
requiring care during the compounding process. s iinethod is environmentally
friendly and does not require the usage of largeumts of solvents, and owing to its
simplicity and economic viability, the melt intefagon method has been widely
used for the synthesis of polymer nanocompositéls ailarge number of polymer

materials [3-5].



2.2 Synthesis of Silica and Sol-Gel Method

Silicon is present in environment in different farmlt is generally found
combination with oxygen. Additionally it is alsouind in dissolved form like silicic
acid. Layered silicate-based polymer nanocompositese demonstrated a
significant potential to become the basis for depeient of the next generation of
enhanced performance polymer compounds. Incorporafi only a small loading (4
to 5%) of properly treated, well dispersed/exf@dtorganoclay into the base
polymer results in a compound with a substantiaprowement in thermal,
mechanical, as well as other physical properties twse of the base polymer. Most
publications still concentrate on the importancehaf chemistry used to modify the
surface of the silicate. They provide a descriptbmesultant product properties but
do not include the role of processing or give detaf the compounding setup.
Therefore, the key challenge facing many new etgranto the field is to determine
how to maximize the clay exfoliation. Of courseingsclay modified specifically for
compatibility with the polymer matrix is extremelynportant; however, proper

design and operation of the compounding systesquslly critical

Recently numerous synthesis methods were explarddreey successfully used to

produce nanoparticles.

The Sol-Gel method is an outstanding route to tlyathesis of hybrid
nanocomposites. The sol-gel process is a synthasis consisting in the preparation
of a sol and successive gelation and solvent remtivgives inorganic high purity

materials at mild synthesis conditions (temperasne pH).

An outstanding variation is the so-called Stobethoé allowing colloidal particles

(with well-defined size and shape and with narrare gistribution) be produced

through hydrolysis and polycondensation of silicalcoxides in water /alcohol

/ammonia mixtures. The sol gel method allows, adssy functionalization of silica

nanoparticles with specific organic groups. Many tbé hybrid nanoparticles

synthesis methods take advantage of all this. Thhegal method finds, however,

applications in many other research fields. The ainthis paper is to give also,
shortly, a contribution to the knowledge of theibgwinciples of the method, with

particular reference to the synthesis of functiceal silica nanopatrticles through the
Stéber method[2].



Stober method (Stbber 1968) allowing preparing niesperse silica spheres from
less than 0.05 nm to 2 nm [2].

W

Gel Time'h.

Figure 2.2 Rate of H+ catalyzed TEOS hydrolysis (gel timgpgunction of pH.

The method is based on the hydrolysis and polycwsateon of alkyl silicates in

basic (ammonia) alcoholic solutions. The particéeze strongly depended on the
water and ammonia concentration but also on thar@adf the alcohol used as a
solvent. When using alcohols of higher moleculaigivehe reaction was slowed
down and both median particle size than the spoédlde size distribution increased

simultaneously.

The work was extended and a correlation was fallodving to predict quite well
the final particles size, d, over concentration®df-0.5M TEOS, 0.5-17.0M 10,
0.5-3M NH;; [2,9-10].

d = A[H,0]" exp|-B[H,0]"?|
Where

A = [TEOS]'/?(82-151 [NH,] + 1200 [NH,]* - 366 [NH,]’)

B = 1.05 + 0.523 [NH,] - 0.128 [NH,]’

2.3 Polyurethanes

Polyurethanes (PUR) were first produced in 1930ktp Bayer and his co-workers
in Germany and represent a family of polymers mtt@an a single polymer.

Urethane polymers can be produced with a wide tyadgéproperties, ranging from



soft flexible foams and fibres through to hard d®lso that they can be used in a
diverse range of applications.

Polyurethanes represent only 5% of the worldwide/mer consumption shows
around 10.6 million metric tonnes in 2004), but thewamics of their growth is
constantly high.

There are five main areas of use for polyurethanes:

1. The furniture and mattress sector, which uses dlragslusively flexible
foams,

2. The automotive industry which provides a marketffexible foams, filling
foams, rigid and flexible integral skin foams asllwes elastomers for
engineering components,

3. The consumer sector, which is diversified in a nesnsimilar to the
automotive industry,

4. The building industry, which is by far the largesnsumer of rigid foams as
insulation materials, and

5. Refrigeration engineering, which represents thesgdargest area for use of

rigid polyurethane foams as insulation materials.
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Figure 2.3 Classification of polyurethanes as function afsslink density and
stiffness

Despite these differing properties, the polymergeh@ane common characteristic in
that they all incorporate the urethane group (-NB&-G-) into their structure.
However, the polymers differ from simple thermofiagolymers, such as the
polyolefins, in that they are not sold as ready-enpdlymers but as precursors that
are mixed at the conversion stage. These precurames commonly polyols
(compounds containing multiple -OH groups) and atii@nates (compounds
containing -NCO groups). The primary reaction dgrithe production of

polyurethanes is of the form:

-NCO + HO-— -NH-CO-O-

The reaction between isocyanates and alcoholsndst important reaction involved

in polyurethane synthesis, is an exothermic reaft®-17].
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2.3.1 Isocyanates

Limited types of isocyanates are used. The mosbrtapt isocyanates, covering the
majority of polyurethane applications are aromaaryanates: toluene diisocyanate
(TDI) and diphenylmethane diisocyanate (MDI). Alghic isocyanates such as
hexamethylene diisocyanate (HDI), isophorone dysoate (IPDI) or 4,4
dicyclohexyl diisocyanate (HMDI) are used to a muebser extent, and only for
special applications. TDI is commercialised usingniture of the 2,4 and 2,6
isomers (TDI 80/20 having 80% 2,4 TDI and 20% 2[®l &nd TDI 65/35 having
65% 2,4 TDI and 35% 2,6 toluene diisocyanate) 4rTDI as pure isomer. The most
important application of TDI is in flexible polyuteane foam manufacture. The
structures of commercial TDI are presented in. 3&eond most important aromatic
isocyanate is MDI, commercialised in various forarsl functionalities, the most
important being: pure MDI, ‘crude’ MDI and polymerMDI (PAPI).Pure MDI,
having two -NCO groups/mol, is commercialised maias 4,4" isomers, but it is
possible to use 2,4 and 2,2 isomers. The maingijgns of pure MDI (especially
the 4,4" isomer) are: polyurethane elastomers, aoétlular elastomers and some

flexible foams. The structures of pure MDI isomars presented [16].

CH, CH, GH,
Nco©OC NCO
NCO NCO
80% 20% 65% 35%
N v J A% v J
TDI 80/20 TDI 65/35
CH,
NCO
NCO
2.4TDI

Figure 2.4 The structures of pure TDI isomers
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Crude’ MDI is a mixture of 4,4” MDI isomer (aroud®-50%) and high molecular
weight (MW) isomers having 3, 4, 5 and higher numbef aromatic rings, with

functionalities in the range of 2-3 -NCO groups/rjid]

DD Gl

pure 4,4'MDI 2,4MDI
NCO
co
2,2MDI

Figure 2.5 The structures of pure MDI isomers

ac NOCH O NCO A

pure 4,4 MDI

NCO NCO NCO > crude’ MDI
@'CHE CH;
=t

polymeric MDI

Figure 2.6 The chemical structure of ‘crude’ MDI
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6 CH; NCO 2

CH

HDI * IPDI HMDI
hexamethylene isophorone 4,4'dicyclohexyl
diisocyanate diisocyanate diisocyanate

Figure 2.7: The chemical structures of some aliphatic diismates

Modified MDI is a polycarbodiimide-modified diphelnyethane diisocyanate.
Liquid at room temperature, this product has a Macosity and good storage
stability down to 75°F (24°C). The polycarbodiimiddduct offers extra flexibility
because adduct formation is reversible (dissociatgenerates an additional
isocyanate function). The carbodiimide linkage aluks stabilization of the polymer
against hydrolytic degradation. Because this prodac be used alone or in mixtures
with prepolymers, its higher functionality offeraster demold times than is
ordinarily possible with linear prepolymers. A uagcombination of high modified
MDI content, available carbodiimide, and liquidtstallows ease of handling, ease
of processing, and maintenance of high physicgbgmees under strenuous wear and

environmental conditions.

(<90°C)
OCN-R-N=C=N-R-NCO + OCN-R-NCO ——= OCN-R-N—C=N-R-NCO

(>90°C) | |
where R = —<'Qf CH 2~<\,:;‘;—

O0=C—N-R-NCO

Figure 2.8 The chemical structure of Modified MDI

2.3.2 Polyols

The polyols used in polyurethane production arel@manantly hydroxy-polyethers,
rather than hydroxy-polyesters. But on the otherdhaolyester polyols were the first
polyols used in the beginning of PU developmentd aare produced by

polycondensation of a diacid with excess diol.
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Polyether polyols are produced by alkoxylation. &®ging on the degree of cross-
linking required, the starting alcohols used fodtoxy-polyethers may be divalent
glycols (ethylene, propylene and other glycolsinuitivalent alcohols (e.g. glycerol,
sucrose).

The MW of the oligo-polyols used in polyurethanatyesis varies between 300-
10000 daltons, in the region of low MW polymersigomers), the number of
hydroxyl groups/molecule of oligo-polyol (the oligmlyol functionality) being
generally in the range of 2-8 OH groups/mol.

A polyol of low functionality, having around 2-3 tisoxyl groups/mol and with a
high MW of 2000-10000 daltons, leads to an elagiityurethane and on the
contrary, a low MW oligo-polyol of 300-1000 daltgngith a high functionality of
around 3-8 hydroxyl groups/mol leads to a rigidsstmked polyurethane [15-16].

hard domain soft d-:}rnam

Q 0 wmmmnmwmj
e |

E hydrogen
: bonds
Q H

MO — N ﬁ

!

|
H

Figure 2.9: The ‘*hard domains’ and ‘soft domains’ of polyuretbaelastomers

With so many potential compositions, it is impottéam have adequate criteria for
characterizing a polyol. Some of the more commasigd criteria will be discussed
below.

Functionality - arises from the choice of initiator or blend initiators. Defined
simply as the average number of isocyanate reasitigs per molecule. For example,
a four-functional initiator, such as pentaerythriteould give a nominal four-
functional or tetrol polyol. In calculating functiality, two important variables must

be considered: level of monol and level of diol.
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Hydroxyl Number - a measure of the amount of reactive hydroxylgsoavailable
for reaction. This value is determined in a wetlam@l method and is reported as
the number of milligrams of potassium hydroxide ieglent to the hydroxyl groups
found in one gram of the sample [21-23].

Equivalent Weight - classically defined as the molecular weight giodéyol divided

by its functionality. Functionality of a polyol momplex because of the presence of
monols from propylene oxide isomerization and di@derived from water). In
practice, the equivalent weight is calculated frome analyzed hydroxyl (OH)
number

The equivalent weight is necessary for isocyanatpiirement calculations and is

derived from the following expression:

Equivalent Weight=56,1*1000/OH Number (2.1)

Primary Hydroxyl Content - The distribution of primary and secondary hygtox
groups directly affects the reactivity of a polyath isocyanates. In general, polyol
reactivity increases as primary hydroxyl contertréiases (see example data in the
figure below). The earliest measurements of primand secondary hydroxyl
contents were based on differences in solutiondeesgction rates. Nuclear magnetic
resonance (NMR) is now the preferred analyticalhoét With NMR, the primary
and secondary hydroxyl end groups can be distihngdisrom one another and from
the ethylene oxide and propylene oxide units inpiblgol chain [24-35]..

Cloud Point - The cloud point of a polyol is defined as theperature in degrees
centigrade, at which a solution of the polyol irwater or water-alcohol mixture
becomes turbid upon heating. Cloud point decreasgbk increasing polyol
molecular weight and increases with the additioretbfylene oxide to the polyol.
This analysis is taken to be a measure of the watieibility, surfactant properties
and reactivity of a polyol. Since polyols have irses solubility in water, higher
cloud points indicate increases in these impogeanformance attributes [36-38].
CPR - the CPR (controlled polymerization rate) valuefimes quantitatively the
weakly basic materials present in a polyol. Thesatenmls are not defined
qualitatively but are determined as the total waeikl salts of the strong bases. These

salts may act as catalysts for the reaction ofgslwith isocyanates. The reported
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number is ten times the number of milliliters 0®D.N HCI necessary to neutralize
30 grams of polyol sample [39].

Reactivity - a measure of the rate at which a polyol undeygeaction to make a
polyurethane polymer. A test measuring viscositjidoin a model reaction with
isocyanate has been in use since 1960. In recans gerefined Brookfield Viscosity
Test (BVT) has proven useful for reactivity quaication of ethylene-oxide-capped
polyols. Example data in the figure below show hpelyol reactivity varies with
increasing primary hydroxyl content (at a constargat)[40-47].

BROOKFIELD VISCOSITY ¥S TIME
HO00 4
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40000 1 5000 MW TRIOLS
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25000 1 . BEY. PRIMARY OH

2000 4 iy
- £

VISCOSITY P

16000 1
B0 PRIMARY OH

I
e
100001 S/
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__._--'._;,..-'- p——
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3885589838

L] Mmoo« =

TIME [s0c)
Figure 2.10:Reactivity variation with increasing primary hydgbxontent

The BVT has also been found useful for detectingygdocontamination. Other
viscosity-based reactivity tests have been destribppearent polyol reactivity in
this type of model reaction can also be strongfue@nced by the polymer-chain-
terminating effects of monol (unsat).

In polyester polyols production process, the dial, etc is first heated to a
temperature of 60-90°C. Then the dicarboxilic asidadded and removal of the
reaction water begins. For obtaining the targeteteoular weight, the excess diol is
calculated by means of Flory Equation. Diol caridst during removal of the water
form the condensation reaction and through sidetimes (formation of ethers and
aldehydes). The amount of diol lost is dependepnufpe processing conditions and
upon type of diol. The amount of diol lost mustdyapirically determined. Usually
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the reaction is completed at temperatures up t6QRORitrogen, carbon dioxide, or
vacuum is used to remove the water and to reaclwémed conversion of 99.9%,
and the resulting polyester should have an acid beumess than two. This
conversion is necessary to minimize the presengesidiual carboxylic end groups
that can reduce the reactivity. The polyesterscamposed of all possible oligomers
raging from the monomers to high molecular weigbgcses: the molecular weight
distribution follows a Frory probability. The prapies of the PU based polyester
elastomers are governed mainly by the overall nuideaveight of the polyester and

only to a minor degree by the molecular weightrdhstion.

Acids, bases and compounds of the transition metaiscatalyze the esterification
reaction. The dicarboxylic acids also exert a kditcatalytic effect. In practice
catalysts are used reluctantly because they cammattemoved and can have an
undesirable effect on the following PU reactiomcsi inorganic substances even in
the smallest quantities favor or retard de PU pmsiog reaction. The p-
toluenesulphonic acid can be used as an accelenadoleft in the polyester. In cases
where small amounts of catalysts do not later cgueblems, compounds of tin,
antimony, titanium, lead and other metals, havevguloespecially effective. The
amounts added lie in the ppm range. Solid impsriiee removed by hot filtration of

the finished polyester [20].
There are two main groups of polyester polyols:

» Aliphatic polyester polyols

* Aromatic polyester polyols
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Table 2.1: Typical Properties of Polyester Polyols

Application  Flexible foam Semi-rigid Rigid foam  Shoe soles Elastomers Coatings
foam soft hard
Structure adipic adipic acid  adipic acid, adipic adipic adipic phthalic acid,maleic
acid,diethylene phthalic acid, phthalic acid, acid,ethylene acid,ethylene acid,diethylene acid, trimethylol
glycol,trimethylol 1,2-propylene oleic acid, glycol,diethylene glycol, 1,4- glycol propane
propane  glycol, glycerine trimethylol glycol butane diol
propane
*Average MW 2400 1000 930 2000 2000 2750 2450
OH number 57 - 63 205-221 350-390 58-62 52 - 58 38-45 250 - 270
(mgKOH/qg)
OH content 1.1 3.8 6.6 1.1 1.0 0.7 4.6
(mea/g)
Average 2.7 3.8 6.2 21 2.0 2.0 11.3

functionality

Viscosityat ~ 950-1100 570-750 1300 -155C 500 - 700 500 - 600 700 - 800 17000 -156C
75°C (mPa.s)

Pour point (°C) -12 -12 7 17 to 56 49 to 52 -9 90 to 100
Acid number 1.2 2.8 1.0 0.4 1.0 1.0 4.0
Density, 1.15 1.15 11 1.15 1.17 1.12 1.24

75°C (g/cm)

* Dalton type molecular weight
2.4 Cyclohexanone Formaldehyde Resin

Cyclohexanone can be reacted with aldehydes, edlyeéormaldehyde, to give
methylol compounds or resinous products. In thseada is the molar ratio and the
reaction conditions which determine the propertiésthe end products. A high
formaldehyde excess promotes the formation of nhetlepmpounds, whereas basic
catalysis leads to resin formation [48]. Higheredigdes can likewise be used to
produce resins, but have not found any industigrtiicance. On the other hand,
methylcyclohexanone or mixtures with aliphatic ket® and, more recently,
trimethylcy-clohexanone have been employed. Theiimcatdon of the resins with
phenols, epoxides, polyesters and sulphonamidesown. Small beads are obtained
by addition of dispersants. The continuous prep@argirocess has been described .
Hydrogenation and treatment with reducing agents vaays in which the light

stability can be increased.Cyclohexanone-formaldehgsins do not have the broad
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compatibility and solubility of the pure cyclohexare resins. However, they are less
expensive while being of adequate light stabil&though they can no longer be
combined with oils, combination with a range of mnjant paint binders is possible.
The use of methylcyclo-hexanone as a raw matesalally leads to enhanced
solubility and compatibility. By using trimethylchghexanone, resins can be
obtained whose compatibility and solubility aretwally universal.A reaction which
has become important for the industrial productibthe resin is the condensation of
cyclohexanone with formaldehyde in the presenaaldis.In many cases, the resins
are used in order to improve drying, hardnessnés, gloss and solids content. In
coatings they are used in every case only as amgmniment it other binders, for
example in alkyd/acrylic coating materials, cemgaints. Epoxy resin systems and
marine paints. In addition to conventional printing., UV-curing printing inks also
play an increasing role. A further principal areflaapplication is represented by
adhesives and sealing compound. Another applicatidoh has been described is in
optical recording media. The broad compatibility aksins based on
trimethylcyclohexanone makes them ideally usedsmin pigment pastes capable of
universal application. Some examples of commmenm&ains are Kunstharz AFS
(Bayer), Kunstharz CA (Hills), Kunstharz EP (Hiikjumbhaar-Types (Lawter) and
MR85 (A.O. Polymers) .All the resins mentioned da@ modified with many
molecules for different purposes. Cyclohexanoneitddehyde resins was in situ
modified with using methyl isobutyl ketone, methgthyl ketone, methyl
cyclohexanone, acetaldehyde, propion-aldehyde,aomatdehyde, dicynadiamide,
arninotriazine and phenol [49]. Also siloxane-camitay block copolymers were
investigated and reported. Many types of cycloheraAformaldehyde block

copolymers with poly-siloxanes and their uniquepgries were reported [50].
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3. EXPERIMENTAL DETAILS OF STUDY

In this study, silica sol was synthesized (Stobethod) and added in-situ to the
polyurethane polymer, which is prepared from pdespolyol and aromatic
isocyanates and lastly composite of polyuretharia wyclohexanone formaldehyde

was synthesized.

3.1 Materials

TEOS is supplied by Merck. Acetic acid and ethambich were used in silica sol,
received from J.T. Baker, For the synthesis of p@thane, Polyester Polyol was
provided by COIM, Monomeric MDI (33,6% NCO contemias supplied by Bayer

Material Science and modified MDI (31,5% NCO comYemas taken from Yantai-

Borsodchem.Cyclohexanone and formaldehyde solutg®0) were supplied by

Riedel-de Haen and Lab-Scan.

3.2 Synthesis of Silica sol

The silica sol was prepared according to the Stétethod. TEOS, absolute ethanol
and acetic acid aqueous solution were mixed at mrateos of HO/TEOS=1/2 and
4, respectively using the same molar ratio of THIXSH/CH;COOH = 1/12/0.015,
and reacted at 5C; for 5 h. The resulting homogeneous solutionseviansferred
to a closed Petri dish and were allowed to star@@ for 140 h. After waiting 140
h, the dried silica was prepared in powder form.

3.3 Synthesis of Polyurethane Polymer / Silica Sol

Polyurethane prepolymer was synthesized without @it silica sol. Polyester
polyol, propylene glycol and silica silica sol wdisectly mixed (in different ratios of
silica so0l-%1.5-%3) at 78C under nitrogen blanket for 0.5 h by vigorousristd.
After reaching 78C, MDI was added. For isocyanates two differentesypof
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isocyanates were used (monomeric MDI and modifieBDl)M Reactions were
monitored for 3 hours and the NCO % was checkedyeleur. After 3 hours tin
catalyst is added for termination of polymerizatidrne viscosity increased after

addition of catalyst so xylene was used for theistdjent of the viscosity.

Table 3.1: Contents of trials, which were done with monomé&#iol

Trial Name Isocyanate % Silica Sol
A -PU-1 Monomeric MDI without
A —-PU-2 Monomeric MDI 1,5
A —-PU-3 Monomeric MDI 3

Table 3.2: Contents of trials that were done with modified MD

Trial Name Isocyanate % Silica Sol
B -PU-1 Modified MDI without
B -PU-2 Modified MDI 1,5
B —-PU-3 Modified MDI 3

3.4 Synthesis of Polyurethane /Cyclohexanone Formaldetlg Resin Composite

98 g (1 mol) of cyclohexanone, 25 mL of cyclohexane 30 mL of 37% formalin
put into a three-necked flask equipped with a estiand a condenser. When the
temperature of the mixture was raised to 65:ZQrefluxing started, subsequently,
100 mL of 37% formalin was added. As a catalysONasolution (20 wt%) was
used. The reaction was further continued under pldes of 11-12 for 5h. After
reaction time was completed, two layers were formé&be resin was separated and
purified by decanting the water layer. The resirs washed several times with warm

water until it was free from and it was dried a®%®@in vacuum.
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For the preparation of PU-CFR composite, firstlircai containing polyurethane
polymer was synthesized as it is mentioned abovebeafore addition of catalyst,
CFR solved in xylene and added to the polymerssitiixture. The NCO % of the

polymer checked and lastly tin catalyst is addeddgomination of polymer.

Table 3.3: Content of trials that were done with modified andnomeric MDI

Trial Name Isocyanate % Silica Sol % CFR
A —PU-4 Monomeric MDI Without 20
A -PU-5 Monomeric MDI 3 20
B -PU-4 Modified MDI Without 20
B -PU-5 Modified MDI 3 20
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4. RESULTS AND DISCUSSION
4.1 Reaction Mechanism and Characterization of Silica

As it is well-known, the sol-gel process can bewdd as a two-step network forming
process, the first step being the hydrolysis of etanalkoxide and the second
consisting of a polycondensation reaction. Mostthed interest in this method is
concentrated on metal-organic alkoxides, especailiga, since they can form an
oxide network in organic matrices. The sol-gel teams of alkoxysilane can be

described as follows:

H +
‘;\ Si OR+ H,0 Si OH + ROH, —— Alkyl Groups

H +
>Si oH +OH — i < _>>Sl
or/and > Si OH + OR

Figure 4.1: Reactions of TEOS with acid catalyst

0o — Sié + H,0 Polycondensation

o — Si< + ROH

H+
Si f — >Si
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Figure 4.2: FT-IR of Silica

4.2Reaction Mechanism and Characterization of Silica @ntaining
Polyurethane Polymer

PU polymer was synthesized with 3% free NCO. Actwdto literature
characteristic wavelength of PU (functional grotisC=0) must be between 2200-
2300 cm'. As it can be seen from the Figure 4.3 and 4.4yupethane structure
observed and showed that functional group is at5922cm®.
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Figure 4.3: FT-IR of polyurethanes done with Monomeric MDI (AJA.-2-3)

The functional groups ( OH) of silica also reactéth the isocyanate. The functional
group polyurethane polymer (N=C=0) reached the stwalue (Figure 4.3) with
3% Silica addition,
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Figure 4.4: FT-IR of polyurethanes made with Modified MDI-(BJPL-2-3)

Reaction with monomeric MDI gave better resultsntimaodified MDI. Figure 4.4

shows that, in trials B-PU-2 and 3, silica did have big effect on the polyurethane
structure.

27



4.3 Reaction Mechanism of CFR

The formation of CF resin starts with an aldol-lleaction. Reaction follows a base
catalyzed elimination reaction of water from methylerivatives of cyclohexanone.
Then methylol derivatives of cylohexanones areifmgrogether and polymerizing
with monomers in the reaction media. The final picid CF resin, is obtained with

the polymerization between them. The figure of &ction mechanism illustrated
below (Figure 4.5).

o) /_\
I /‘C [0 CHZO CH,OH
+ H—C—H
Formaldehyde

80 C HOH

Cyclohexanone (C) (F) Enolate anion

@] (0]
CWOH\' H CH,
+ H— C— — CH,OH

Formaldehyde 80 C
Monomethylol (F)

of cyclohexanone j

’7 )OI\
HOCH;
m m-~78

Figure 4.5: Reaction mechanism of CFR

o)
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4.4 Characterization of Silica Containing Polyurethane €FR Composites

The 'H-NMR spectra were recorded from the solvent solutitrich is CDC,. The
peaks are appearing at about— 2.4 ppm were due to the aliphatic -CHyand —
CH groups, 3.2 4.2 ppm due to th—CH, methylen bridges and methyl groups,

— 4.8 ppm due to theOH groups of the methyl groups .

TMS

& 5 4 3 2 1 0
& (ppm)

Figure 4.6:'H-NMR spectrum of CFR
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Figure 4.10:FT-IR of PU- CFR composite done with Modified M{@-PU-5)

CFR has functional groups (OH) that can react wdtityanate. Figure 4.7 and 4.8
show that after addition of CFR, the area of N=C@ctional group) decreased.
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According to integration method, the free isocyanamount was calculated and
found as < 1.5%. The tests were repeated with iadddf silica (Figure 4.9-4.10)
and it was observed that free isocyanate amouatheel the lowest values.

All the reactions were done in steps. CFR was sbinexylene and this mixture was

added to polymer.

AccY SpotMagn Det WD |——— 1um
500 k¥ 3.0 20000x SE 10.1

Figure 4.11 SEM of PU done with Modified MDI (B-PU-1)

Also the TGA of the samples were taken. As it cansben from the Figure 4.12
(which the monomeric MDI and silica were tested thal containing silica started
to broke up faster than the trial containing nail
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Figure 4.13TGA of PU- CFR composite done with Modified MDI-®J-1-
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On the other hand the residual of the A-PU- 2Higker value than A-PU-1. The
same results are obtained for the trials done miklified MDI.

4.5 Solvent Resistancy of Silica Containing PolyurethastCFR Composite

Polymers were conditioned at 28-50% Relative Humidity for 14 days. After

conditioning, polymers weighted and placed in entg and kept there 24 hours. The
weight loss was measured at the end of the test.

Table 4.1:Physical Properties of Composites (with monomerigiVSolubility

Sample Name Sea WaterAcetic Acid Methanol Chloroform Xylene
(2%) (CHsCOOH)  (CH3OH) (CHCI)

A-PU-1 None Low None Low Low
A-PU-2 None Low None Low Low
A-PU-5 None Low None Low Low

Table 4.2:Physical Properties of Composites (with modified 4Bolubility

Sample Name Sea WaterAcetic Acid Methanol Chloroform Xylene
(2%) (CH;COOH)  (CH3OH) (CHCL)

B-PU-1 None Low None Medium Low
B-PU-2 None Low None Medium Low
B-PU-5 None Low None Medium Low

Table 4.1 and 4.2 show that the PU-CFR compgsiggared with modified MDI,
have better solubility.

Also the shore hardness of the trials are measue=iilts can be seen from the
Table 4.3 and 4.4.
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Table 4.3:Shore A hardness of Composites (with monomeric MDI)

Sample Name Shore A
A-PU-1 45
A-PU-2 46
A-PU-3 46
A-PU-4 65
A-PU-5 67

Table 4.4:Shore A hardness of Composites (with modified MDI)

Sample Name Shore A
B-PU-1 47
B-PU-2 a7
B-PU-3 49
B-PU-4 76
B-PU-5 76
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4.6 Weatherability of Silica Containing Polyurethane-CHRR Composite

Polymers were conditioned at 2&-50% relative humidity for 14 days. After
conditioning, weatherability test applied. ElastoddV cabinet (Metal Halide Arc
Lamp-1100 W/IM) was used. Samples were kept there 22 days. Tdie was 102

min dry time, 18 min wet time.

Figure 4.15: Weatherability test of polyurethane composite ljviitonomeric MDI)

In this study aromatic isocyanates were used (Mexdliitnd monomeric). Aromatic

isocyanates were weak in light and uv stabilizatidren they compared to aliphatic
isocyanates. Addition of CFR and silica did not ioye this property but as it can be
seen from the Figure 4.15 that, A-PU-5 had low caleange when compared to
other trials.
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5. CONCLUSION

FTIR results show that all the polyurethane polysremthesized successfully. Also
the copolymer of PU/CFR study, was completed plgpeSEM of the polymer
showed that; polymer have a straight structure. Wthe thermal properties of the
trials are compared; it can be said that siliceseaan early break up but there was a
residual due to silica, at the end of heating pdace. Solubility of polymers done
with Modified MDI is better than Monomeric MDI. Norally CFR has good
solubility with different organic solvents but ditg reaction with isocyanate, the PU-
CFR composite material did not give good resultn tBe other side, the physical
properties and weatherability of the trials are wetl improved with CFR. Lastly,
the shore hardness of the materials was testedt adbserved that CFR increased

the shore hardness of the PU polymer.

For further trials instead of silica, TiGcan be used to improve the light/UV

resistance of materials.
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