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ABSTRACT KEYWORDS

Polyurethanes (PU) are present in various aspects of advanced life. They
represent is a class of polymers that have found a propagate use in the
medical, automotive and industrial fields. Polyurethanes are produced by
the polyaddition reaction of a polyisocyanate with a polyal cohol (polyol)
in the presence of a catalyst and other additives. In this case, a
polyisocyanate is a molecule with two or more isocyanate functional
groups, R-(N=C=0)n>2 and a polyol isamolecule with two or more hy-
droxyl functional groups, R’-(OH)n>2. Thereaction product isapolymer
containing the urethane linkage, -RNHCOOR’. Though the properties of
the polyurethane are determined mainly by the choice of polyol, the
diisocyanate exerts someinfluence, and must be suited to the application.
The cure rate is influenced by the functional group reactivity and the
number of functional isocyanate groups. The mechanical properties are
influenced by the functionality and the molecular shape. Diazobicyclo
[2.2.2]octane (DABCO) was used to comprehension of PU preparation
mechanism when two monomersare stiring the together.
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INTRODUCTION TABLE 1: Used polyurethanes (USdata from 2004):[™
Amount of
Pol yurethanes (PU) are present invarious aspects Application ggyur_?lt_hane f Peffonttatgé

of advanced life. They representisaclass of polymers u p(OT'nég)”S of of total
that_havefc_)und a propagate useinthemedica, auto-  gigi ng and construction 1,208 23.8%
motiveandindustria fields. Polyurethanescanbefound  Transportation 1,298 23.8%
in productssuch asfurniture, coatings, adhesives, con-  Furniture and bedding 1,127 20.7%
structional materidls, fibers, paddings, paints, elastomers ~ APpliances 28 5.1%
heticskins TABLEL showshow polyurethanes  +oorcond 251 4.6%
andsynthetic ) poly Textiles, fibers and apparel 181 3.3%
are used (according to US datafrom 2004)7, M achinery and foundry 178 3.3%
Polyurethanesarereplacing older polymersfor vari- ~ Electronics 75 1.4%
ousreasons. The United Statesgovernment isphasing ~ -ootwear 39 0.7%
: : i ) Other uses 558 10.2%

out chlorinated rubber inmarineand aircraftandcoat- 114 5,444 100.0%
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Figurel: PU polymer formed by reacting a diisocyanatewith a polyol

ings becausethey contain environmentallyhazardous
volatile organic compoundst67, Auto manufacturers
arereplacing latex rubber in car seatsand interior pad-
ding with PU foam because of lower densityand greater
flexibility!24+48, Other advantages of PUs are that
theyhaveincreased tensile strength and melting points
making them more durabl €34, Their resi stanceto deg-
radation by water, oils, and solventsmake them excel-
lent for thereplacement of plastics™. Ascoatings, they
exhibit excellent adhes on to many substances, abra-
sionresistance, el ectrical propertiesand westher resis-
tancefor industria purposes5-52,

Polyurethanefoam (includingfoam rubber) isoften
made by adding smal amountsof volatilematerias, so-
called blowing agents, to the reaction mixture. These
samplevolatilechemicasyieldimportant performance
characteridtics, primarily thermd insulation. Intheearly
1990s, because of their impact on ozone depl etion, the
montreal protocol led to thegreetly reduced useof many
chlorine-containing blowing agents, such astrichloro
fluoromethane (CFC-11). Other hal oalkanes, such as
thehydrochl orofl uorocarbon 1,1-dichloro-1-fluoroethane
(HCFC-141b), were used asinterim replacements un-
til their phase out under the IPPC directive on green-
house gasesin 1994 and by thevolatile organic com-
pounds (VOC) directiveof theEU in 1997. By thelate
1990s, the use of blowing agents such as carbon diox-
ide, pentane, 1,1,1,2-tetrafl uoro ethane (HFC-1344)
and 1,1,1,3,3-pentafl uoropropane (HFC-245fa) be-
came morewidespread in North Americaand the EU,
athough chlorinated blowing agentsremainedinusein
many devel oping countrieg”s*59,

Polyurethanes arein the class of compoundscaled
reaction polymers, whichinclude epoxies, unsaturated
polyesters, and phenolicg®9101112414289 A yrethane
linkageis produced by reacting anisocyanate group, -
N=C=0 with ahydroxyl (acohol) group, -OH. Poly-
urethanes are produced by the polyaddition reaction of
apolyisocyanatewith apolyacohoal (polyol) inthepres-

ence of acatalyst and other additives. Inthiscase, a
polyisocyanateisamoleculewith two or moreisocy-
anatefunctiona groups, R-(N=C=0) >, and apolyol
isamoleculewith two or more hydroxyl functional
groups, R’-(OH) _>,. Thereaction product isapoly-
mer containing the urethanelinkage, -RNHCOOR’-as
showninfigurel.

Isocyanateswill react with any mol eculethat con-
tainsan active hydrogen. Importantly, i socyanatesre-
act withwater toform aurealinkage and carbon diox-
ide gas, they al so react with polyetheraminesto form
polyureas. Commercidly, polyurethanesare produced
by reacting aliquidisocyanate with aliquid blend of
polyals, catalyst, and other additives. Thesetwo com-
ponents are referred to as a polyurethane system, or
smply asystem.

Property of raw matterials
1. Isocyanates

Isocyanates are highly reactive chemicalsand cre-
ate severa chemically different products when com-
bined with -OH and -NH functiona substances. De-
sired productsand side productsareformed in differ-
ent amounts. Thebasic reactionsof isocyanatewith dif-
ferent reagentsareshown infigure 2. Thehigh reactiv-
ity of isocyanate groupstoward nucleophilicreagentsis
mainly dueto the pronounced positive character of the
C atom in the cumul ative double bond sequence con-
ssting of nitrogen, carbon and oxygen, especidly inaro-
matic systems. Thed ectronegativity of the oxygenand
nitrogen impartsalarge e ectrophilic character tothe
carbonintheisocyanate group. Thecommon reactions
of isocyanates can bedivided into two main classes:.
(1) Thereaction of isocyanates with compounds con-
taining reactive hydrogen to give addition products,
and

(2) the polymerization of isocyanates, i.e., self-addition
resction.

Isocyanatesreact with hydroxyl compoundsto give
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Figure2: Basicreactionsof isocyanatewith differ ent r eactants?

urethanes (a) and with aminesto give ureas (b). For
primary and secondary a cohols, the uncatalysed reac-
tion proceedsreadily at 50-100°C, tertiary alcohols and
phenolsreact more dlowly. Typical primary and sec-
ondary aiphatic aminesand primary aromatic amines
react rapidly with isocyanate at 0-25 °C to form urea
functiona substances. Similarly, water reactswitha
diisocyanateandinitidly formsof an unstablecarbamic
acid, which decomposes and produces an amine (c).
Amineisanucleophilic reagent and further reactswith
an isocyanate function to produces urealinkage (d).
Theavailability of alonepair of eectronsonthenitro-
gen atom of ureagroup makesthem nucleophilic cen-
ters, which upon reaction and fruitful collisonwith one
mol ecul e of isocyanate producesbiuret (€). Similarly,
isocyanates react with urethanes and produce
alophanates(f). Different secondary reactions shown
infigure 2, occur to alesser extent than the primary
reactions. Reactions leading to the formation of
alophanatesand biuretsareinfluenced by thereaction
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condition such astemperature, humidity level andthe
type of isocyanate used. The self-condensation of iso-
cyanateresultsin uretidionerings (dimer-, g), isocya
nurate (trimer-, h) or carbodiimidej).

Theformation of carbodiimidesisnot usually con-
Sidered apolymerization reaction, but it could beclas-
sified asacondensation polymerization between isocy-
anatemoleculeswith iminetion of CO,. Thisisdueto
degradation of isocyanatestaking place at high tem-
peratures3863, \Whenisocyanatereactswith carboxy-
lic acids, the mixed anhydrides break down and form
amidegroups(i). Thetrimer isocyanuraterings, unlike
uretidionerings, areexceptionally stable. Thehighre-
activity of isocyanatesmay cause detrimental second-
ary reactionsand uncontrolled condensations|eading
to theformation of unworkable crosslinked materias
that aredifficult to process. Therefore, blocking of iso-
cyanate capped material or monomer may sometimes
helpsfor improving the stability!+4. Theblockediso-
cyanate can be converted to theactiveisocyanateform

A udéan Journal
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when required. Morerecently, commercia availability
of blocked isocyanates hasincreased greatly. In par-
ticular, thesereagentsare suitablefor light-stabletwo-
component and single package blocked adduct ure-
thane coatingsinwhich high temperatures (>100°C)
are used to regeneratetheisocyanate and the blocking
agent. Theregenerated isocyanatesreact with hydroxyl
or aminefunctionaized co-reactantsto form thermally
stable urethane or urea bonds, respectively!*>17,
Blocked isocyanatesused intheliteraturewere phenol,
oximée®, caprolactam(*8%1, imidazoling®%l, tetrahy
dropyrimidine, imidazol€°5", pyrazol €218, etc. In or-
der to avoid therel ease of volatileisocyanate blocking
agents, aself-blocked concept has al so applied?>9,
The polyfunctional isocyanate used to prepare PU
coatings can bearomatic, aliphatic, cycloaliphatic or
polycyclicin structure. The commonly used isocyan-
atesin the manufacture of PUsare TDI, MDlI, 4,40-
dicyclohexylmethane diisocyanate (H12MDI), xylene
diisocyanate (X DI), tetramethylxylylene diisocyanate
(TMXDI), hydrogenated xylenediisocyanate (HXDI),
naphthalene 1,5-diisocyanate (NDI), p-phenylene
diisocyanate (PPDI), 3,3'-dimethyldiphenyl-4,4'-
diisocyanate (DDDI), hexamethylene diisocyanate
(HDI), 2,2,4-trimethylhexamethylene diisocyanate
(TMDI), isophoronediisocyanate (IPDI), norbornane
diisocyanate(NDI), 4,4'-dibenzyl diisocyanate (DBDI),
etc. Aromaticisocyanates have high reactivity than ali-

phatic or cycloaliphatic diisocyanates. Different
diisocyanates contributeto the PU propertiesin differ-
ent ways. For example, aromatic diisocyanates give
morerigid PUsthan do aiphatic ones, but their oxida
tiveand ultraviolet stabilitiesarelower?3,

2. Diols/polyols

The polyol component of the PUs can be a
polyfunctional polyether (e.g., polyethylene glycoal,
polypropyleneglycol, PTMG or polycaprolactonedial),
polyester polyol (PEPO), acrylic polyol (ACPO), poly-
carbonate polyol, castor oil or amixture of these. A
widevariety of branched or crosslinked polymerscan
beformed sincethefunctiondity of the hydroxyl-con-
taining reactant or isocyanate can beadjusted. Thesm-
plest polyolsareglycols, such asethyleneglycol,1,4-
butanediol (BDO) and 1,6-hexanediol. Thelow mo-
lecular weight reactantsresult in hard and ftiff polymers
because of ahigh concentration of urethane groups.
On the other hand, the use of high molecular weight
polyolsasthe main reactants produces polymer chains
with fewer urethane groups and more flexible alkyl
chains. Long-chain polyolswithlow functiondity (1.8-
3.0) givesoft, dastomeric PU whileshort chain polyols
of high functionality (greater than 3) givemorerigid,
crosslinked product. Polyether polyolsare produced
by the addition of either ethylene oxide or propylene
oxidetoapolyhydroxy ‘starter’ molecule in the pres-
enceof acatayst (figure 3a). Typica starter molecules
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includeglyceral, ethyleneglycal, propyleneglycol and
trimethyl ol propane. PEPOs are produced by the con-
densation reaction of polyfunctional carboxylic acids
or anhydrideswith polyfunctiona acohols(figure 3b).
ACPOsareproduced by freeradical polymeriza-
tion of hydroxyethyl acrylate (HEA)/methacrylatewith
other acrylic precursorg?#4% (figure 3c). Depending
onthefield of application, PEPO, ACPO or polyether
polyolshavegenerdly been chosen. Incommercia ap-
plications, itiscommontofind polyestersprepared from
amixture of two or more diacidsreacted with two or
more glycols, which givesample scopefor arange of
very complex products?62745, Though PEPO and
ACPO-based PUs are vulnerabl e to the gradual hy-
drolyssof theester group but they aresufficiently stable
against natural weathering. Thehydrolysistakes place
at theester groups, which revertstothecarboxylicacid
and alcohol. Additiondly, thein situ formation of car-
boxylic acid catalyzesfurther ester hydrolyss, thusac-
counting for an autocatal ytic effect® and thereforea
significant reduction of average molar massand, con-
sequently, deterioration of mechanica propertiesoccur
on prolong exposure to humid atmosphere. To slow
down the hydrolysis of polyester groups,
polycarboimides can be added to poly (ester urethanes)
that act asacid scavengers and suppressthe autocata-
Iytic effect!?39, PU coatingsderived from PEPO have
excellent heat stability, adhesive propertiesand oil re-
gstance. Additiondly, thelower manufacturing cost has
made widespread application of polyester type PU
coatings.
3. Chain extendersand crosslinkers

Chain extenders (f=2) and cross linkers (f=3 or
greater) arelow molecular weight hydroxyl and amine
terminated compoundsthat play animportant rolein
the polymer morphology of polyurethanefibers, elas-
tomers, adhesives, and certain integral skin and
microcdlular foams. Thedastomeric propertiesof these
materia sarederived from the phase separation of the
hard and soft copolymer segmentsof the polymer, such
that the urethane hard segment domainsserveascross-
links between the amorphous pol yether (or polyester)
soft segment domains. This phase separation occurs
becausethemainly non-polar, low melting soft ssgments
areincompatiblewith the polar, highmelting hard seg-

CHEMICAL TECHNOLOGY

ments. Thesoft segments, which areformed fromhigh
mol ecular weight polyols, aremobileand arenormaly
present in coiled formation, whilethehard segments,
which areformed from theisocyanate and chain ex-
tenders, arestiff and immobile. Becausethe hard seg-
mentsare covalently coupled to the soft segments, they
inhibit plasticflow of thepolymer chains, thuscresting
elastomericresiliency. Upon mechanica deformation,
aportion of the soft segmentsare stressed by uncoiling,
and the hard segmentsbecomealignedin the stressdi-
rection. Thisreorientation of the hard segmentsand
consequent powerful hydrogen bonding contributesto
hightenslestrength, elongation, and teer res sanceval-
uegs233:343536 The choice of chain extender also de-
terminesflexura, heat, and chemical resistance prop-
erties. Themost important chain extendersareethylene
glycol, 1,4-butanediol (1,4-BDO or BDO), 1,6-hexa
nediol, cyclohexanedimethanol and hydroquinonebis
(2-hydroxyethyl) ether (HQEE). All of theseglycols
form polyurethanesthat phase separatewell and form
well defined hard segment domains, and aremelt pro-
cessable. They areal suitablefor thermoplastic poly-
urethaneswith the exception of ethyleneglycoal, since
theitsderived bis-phenyl urethane undergoesunfavor-
able degradation at high hard segment level 57401,
Diethanolamine and triethanolamineareusedin flex
molded foams to build firmness and add catalytic
activity.

4. Catalysts

Polyurethane catal ysts can be classified into two
broad categories, aminecompoundsand organometal -
lic complexes. They can befurther classified astotheir
specificity, balance, and relative power or efficiency.
Traditional amine cataystshave been tertiary amines
such astriethylenediamine(TEDA, dso knownas1,4-
diazabicyclo[2.2.2]octaneor DABCO), dimethylcyclo
hexylamine (DM CHA), and dimethyl ethanolamine
(DMEA). Tertiary amine catalysts are sel ected based
onwhether they drivethe urethane (polyol +i socyanate,
or gel) reaction, the urea (water+isocyanate, or blow)
reaction, or theisocyanatetrimerization reaction. Since
most tertiary amine catalystswill driveall threereac-
tionsto some extent, they are al so selected based on
how much they favor one reaction over another. For
example, tetramethyl butanediamine(TMBDA) prefer-

A udéan Journal
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(4) R—NCO + H,0—» R-NH, +C02$
Amine
Figure4: Primary reactions

entially drivesthe gel reaction over the blow reaction.
Ontheother hand, both pentamethyldipropylenetriamine
and N-(3-dimethylaminopropyl)-N,N-diisopropanol
aminebaancetheblow and ge reactions, dthoughthe
former ismore potent than thelater onaweight basis.
1,3,5-(trig(3-dimethylamino)propyl)-hexahydro-s-triaz-
ineisatrimerization catalyst that al so strongly drives
theblow reaction. Molecular structure givessomeclue
to thestrength and selectivity of thecatayst. Blow cata-
lystsgeneraly have an ether linkagetwo carbons away
from atertiary nitrogen. Examples include bis-(2-
dimethylaminoethyl)ether and N-ethylmorpholine.
Strong gel cataystscontain adkyl-substituted nitrogens,
such astriethylamine (TEA), 1,8-diazabicycl0[5.4.0]
undecene-7 (DBU), and pentamethyl diethylenetriamine
(PMDETA). Weaker gel catalysts contain ring-substi-
tuted nitrogens, such asbenzyldimethylamine(BDMA).
Trimerization catd ystscontain thetriazinestructure, or
are quaternary ammonium salts. Two trends have
emerged sincethelate 1980s. Therequirement tofill
large, complex tooling withincreasing production rates
hasled to the use of blocked catalyststo delay front
end reactivity whilemaintaining back end cure. Inthe
United States, acid- and quaternary ammonium salt-
blocked TEDA and bis-(2-dimethylaminoethyl)ether are
common blocked catal ystsused in mol ded flexiblefoam
and microcellular integral skinfoam applications. In-
creasing aesthetic and environmenta awvarenesshasled
to theuse of non-fugitive catalystsfor vehicleinterior
and furnishing applicationsin order to reduce odor, fog-
ging, and thestaining of vinyl coverings. Catalyststhat
contain ahydroxyl group or an activeamino hydrogen,

—— Rev/ew

such as N,N,N’-trimethyl-N’-hydroxyethyl-bis
(aminoethyl)ether and N’'-(3-dimethylamino)propyl)-
N,N-dimethyl-1,3-propanediaminethat react into the
polymer matrix can replacetraditiond catdystsinthese
applicationgd®3,

Organometalic compounds based on mercury, leed,
tin (dibutyltin dilaurate), bismuth (bismuth octanoate),
and zinc are used as polyurethane catalysts. Mercury
carboxylates, such asphenylmercuric neodeconate, are
particularly effective catalystsfor polyurethaneelas-
tomer, coating and sealant applications, sincethey are
very highly selectivetowardsthe polyol +isocyanatere-
action. Mercury catalystscan beused at low levelsto
givesystemsalong pot lifewhilestill giving excel lent
back-end cure. Lead catalystsare used in highly reac-
tiverigid spray foaminsulation applications, sincethey
maintainther potency inlow-temperatureand high-hu-
midity conditions. Dueto their toxicity and the neces-
Sity to dispose of mercury and lead catalystsand cata-
lyzed materia ashazardouswastein the United States,
formulators have been searching for suitabl e replace-
ments. Sincethe 1990s, bismuth and zinc carboxylates
have been used asdternatives but have short comings
of their own. In elastomer applications, long pot life
systemsdo not build green strength asfast asmercury
catalyzed systems. In spray foam applications, bismuth
and zinc do not drivethefront end fast enoughin cold
weather conditionsand must be otherwise augmented
to replace lead. Alkyl tin carboxylates, oxides and
mercaptides oxides are used in all types of polyure-
thane applications. For example, dibutyltindilaurateis
astandard catalyst for polyurethaneadhesivesand seal -
ants, dioctyltinmercaptideisusedinmicrocdlular elas-
tomer gpplications, and dibutyltin oxideisusedin poly-
urethane paint and coating gpplications. Tin mercaptides
areused informulationsthat contain water, astin car-
boxylatesare susceptibl eto degradation from hydroly-
sig,

Sructural property of PU

Thestructure of polyurethane can be complex and
diverse containing “hard” and “soft” segments, which
contributeto the bd ance between rigid and elastomeric
properties. Polyurethanesare synthesized by two meth-
odsnamdly, prepolymer method and one- shot method.
In prepolymer method, the polyisocyanate and pol yol
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are reacted to form an intermediate polymer called
“prepolymer”. It is then converted into final high mo-
lecular weight polymer by further reactionwith diol or
diamine chain extender. Inthe ‘one-shot’ method, the
polymer formationiscarried out by S multaneousresc-
tion of polyol, polyisocyanate and chain extender.

1. Primary reactions

Primary reactionsarerel atively faster and occur at
relatively lower temperatures compared to the second-
ary reactions. Thevarious primary reactionsof isocy-
anatesshowninfigure4 aredescribed asfollow.

|socyanatereactswith hydroxyl group asshownin
figure4(1) to produce urethanelinkage. Thisreaction
isexothermic. |socyanatesreactsreadily with primary
hydroxyl groupsthan secondary ones. Isocyanatesre-
actswith amino groups at 0-25°C to form substituted
ureaas shown in figure 4(2). Primary amino groups
have higher reactivity with isocyanate than secondary
ones. Reaction of isocyanatewith carboxylicacid shown
infigure4(3) leadsto theformation of amidelinkage,
whichissmilar to urethanelinkage. Thisreaction pro-
ducescarbondioxide gas.

Isocyanatesreadily reactswith water to produce
aminesand carbon dioxidegasasshowninfigure4(4).
Theevolved carbon dioxidegas causesfoamingandis
undesirablein synthesisof polyurethane elastomers.
Thereforeall the reactantsand apparatusused in poly-
urethane synthesi sneedsto be dried thoroughly.

CHEMICAL TECHNOLOGY
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Figure®6: isocyanater eaction with epoxidegroup

2. Secondary reactions

Isocyanates react with the secondary amino group
of urethanes, ureas, and amideforming allophanates,
substituted biurets, and acyl ureasrespectively asshown
infigure5. Thesecondary reactionsof isocyanateleads
to cross-linking, and theresulting polyurethane becomes
insolubleand infusible. Thusthe temperature control
during polyurethane synthesisiscritical to avoid sec-
ondary reactionsand thereby cross-linking.

Theisocyanurate, whichisasx-member ringisther-
mally most stable and enhancesfireresi stance of the
polymer. However, it increasesthefunctiondity of the
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system, whichformsacrosslinked network, whichis
undesirableinthe present study.

Theisocyanate al so reacts with epoxide group to
form oxazolidone linkage as shown in figure 6.
Oxazolidoneisasaturated, five-member heterocyclic
group. Thiscyclic structureisvery stiff whichimparts
rigidity and excedllent thermal propertiesto thepolymer.
|socyanurate and oxazolidoneformation have been sud-
ied extensively.

4. ThePU preparation mechanism

Asmentioned before, polyurethanes achieved from
two monomers, apolyol/diol and apolyiisocyanate/
diisocyanate. Withthe help of alittlemoleculecalled
diazobicyclo[2.2.2] octane, or DABCO for short, we

f‘""\

1
”\/N + H—0—CHy—CHy—0—H— =

DARCO

r_‘-a ﬁ
N L}ﬁ ‘H—0—CH;—CHy—0—H

Figure7: Emerged partial positiveand negativecharge
When DABCO H-bondswith thealcohol

——— Rev/ew

can makethesetwo polymerize. Whenwestir thetwo
monomerstogether with DABCO, something nifty hap-
pens. DABCO isavery good nucleophile, it hasapair
of unshared electrons that would just love to attach
themselvesto avulnerablenucleus. d ectronshavenega:
tive charges, and the nuclei of atoms have positive
charges. Itiswel known negative chargesand positive
chargesattract, So DABCO’s electron look around,
and they find anucleuson thea cohol hydrogensof the
diol. Thesehydrogensarevulnerable, becausethey are
bonded to oxygen atoms. Oxygen iselectronegative.
Thisistosay it pullselectronsaway from other atoms.
Soit pullselectronsaway fromitsneighbor the hydro-
genatom. Thisleavesthe positive chargeof itsnucleus
unbalanced. The electronswould have balanced the
positivechargewith their own negativecharges, they’ve
been sucked away by the oxygen. Thisleavesasdlight
positive charge onthe hydrogen asshowninfigure 7.
So DABCO’s electrons see this and they just can’t
help themselves. They rush over and form ahydrogen
bond between the hydrogen and DABCO’s nitrogen.
ThisH-bonding leavesapartiad positivechargeonthe
nitrogen, but moreimportantly, apartid negativecharge
on the oxygen“Yl, This partial negative charge makes
the oxygen really hot to reaction. The oxygen hasan

.N/\/N H—U CH—CHy—0—H

Sy

N
0=C=N @?—L @N ?j;;ﬂ 1

o< Or-en(O)

&

:5*[:}1;—[:}1;:—0 H
—-:: 0

Figure8: Theoxygen with apartial negativechar gedonatesapair of electronstotheeectron-poor isocyanate car bon,
setting off aflow of electr on which leaveswith a positive char ge on oxygen, and a negative chargeon thenitrogen
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Figure9: Thenegativechar ged nitrogen swipesthe hydrogen away from thealcohol

0

I
0=C ZN@ CHZA@fITT—C —0—CH,—CH,—0OH
H
urethane dimer

The urethane dimer can react with
either a diol or a diisocyanate to form
a trimer. It can even react with other

HO—CH-CH-0H dimers, trimers and higher oligomers.

I i
HO-CHy—CH, —D—C—I‘lif A@CHZ—@ITT—C —0-CH;-CH,-0OH
H H

a urethane trimer

DzCzN@CH;@NzCzG
|

0 0
0=C=N @cm@—r;:—&—n —CI—IE_—CHB—D—'}II] —NQCH,,@N:C:D
H

Figure 10: monomer sand oligomer scombination to get high molecular weight polyur ethane
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stiff, rigid hlock

i
soft, rubbery block

Figure11: A polyur ethane madefrom a polyglycol

excessof dectrons, soit will react with something that
ispoor inelectrons. it can be seenthat thecarbon inthe
isocyanate group issandwiched betweentwo e ectrone-
gative e ements, oxygen and nitrogen. Thismeansthat
thiscarbonisgoingto bevery poor ineectronsindeed.
So oxygen wastesnotimeinreacting withit. It throws
apair of electronsto that carbon, and abond formsas
showninfigure8.

Of coursethispushesapair of eectronsout of the
carbon-nitrogen double bond. Thispair situatesitself
onthenitrogen, givingit anegativecharge. Our oxygen
meanwhile, having donated an eectron pair, isleft with
apositivecharge.

Now thereisn’t much that a nitrogen atom likes
lessthanto have anegativecharge. Soit’s going to try
to get rid of it as soon asit can. This forms a bond
between that hydrogen and the nitrogen.

The electronsthat the hydrogen had shared with
the oxygen now belongtotheoxygenaone. Thiselimi-
natesthat old positive chargethat the oxygen was car-
rying. Whenit’s all over we’re left with a brand new
urethanedimer.

Thisurethanedimer hasan alcohol group on one
end, and an isocyanate group on the other, so it can
react with either adiol or adiisocyanateto form atri-
mer. Or it can react with another dimer, or atrimer, or
even higher oligomers. In thisway, monomersand oli-
gomers combine and combine until we get high mo-
lecular weight polyurethaneas showninfigure 10.

Thismakesit astep growth polymerization. Also,
because no small mol ecule by-products are produced,
itisan addition polymerization

Polymer swithin polymers

Sometimes, instead of usingasmal diol likeethyl-
eneglycol, it used apolyglycol, onewith amolecular
weight of about 2000[42431,

H—O—[—CHZ—CHZ—O—ITH

Poly(etylene glynal)
Thisgivesusapolymer withinapolymer soto spesk,
and we have apolyurethane that |ooks something like
infigure11.

CONCLUSION

For themanufactureof polyurethane polymers, two
groupsof at least bifunctional substances are needed
asreactants; compoundswith isocyanate groups, and
compoundswith active hydrogen atoms. Polyurethane
canbemadein avariety of dengtiesand hardnessesby
varying thetype of monomer(s) used and adding other
substancesto modify their characteristics, notably den-
sity, or enhancether performance. Thephysical and
chemicd character, sructure, and molecular Szeof these
compoundsinfluencethepolymerizationreaction, aswell
asease of processing and fina physical properties of
thefinished polyurethane. In addition, additivesuchas
catalysts, surfactantsare used to control and modify
thereaction process and performance characteristics
of the polymer. Polyurethanes are synthesi zed by two
methods namely, prepolymer method and one- shot
method. In prepolymer method, the polyi socyanate and
polyol are reacted to form an intermediate polymer
caled “prepolymer”. It is then converted into final high
molecular weight polymer by further reaction with diol
or diamine chain extender. In the ‘one-shot’ method,
the polymer formation is carried out by simultaneous
reaction of polyol, polyisocyanate and chain extender.
With the help of alittlemolecule called diazobicyclo
[2.2.2] octane, or DABCO for short, the mechanism
of polymerization can beachieved.
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