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of interest in the use of water-based coating
systems, chiefly for ecological reasons. Today,
more than ever before, pollition of environment has
assumed alarming proportions and the awareness
about this has prompted many industrially advanced
nations like USA, Germany, ctc., to cenforce laws

TH-E recent past has witnessed a sudden spurt

governing polution control. A large volume of .

literature has accumulated on poltution and its
control10. The type of pollution that results
from the use of solvent-based coatings is mainly
that of air. The pollution of air by solvents from

_ coatings not only makes the surroundings uncomfort-

able for the worker, but also creates fire hazard.
It has been estimated that 8-10% of smog formation
in the atmosphere is due to solvent emissions from
coatingst?. These limitations of solvent-based coating
systems have focussed attention.on the development
of alternative systems like aqueous systerus, powder

coatings, etc.  Of these, water-based systems, apart -

from offering advantages' like non-pollution and
{reedom from fire hazard, are rapid drying antl
economical. They also enable rapid cleaning up of
equipment. The wide acceptance of the aqueous
systems by .the industry is borne out by the
dwindling usage of the solvent-based products from
164 m gal in 1966 to 37 m gal in 1975 and the
increase in the usage of aqueous systems from
187 m gal in 1966 to 338 m gal in 197512%,

Emulsion Polymerization and Its
Applicability to Polyurethanes

The obvious method of making aquenus dispersions
of polymers is by carrying out the polymerization
itself in the aquecous medium." If cither the mono-
mer(s) or the polymer is water-insoluble, recourse is
taken to the so-called emulsion polymerization.
But this direct method js inapplicable to the

*These figures include both interior und exterior systems.

i




" SALKUMAR et af.: POLYURETHANE AQUEOUS SYSTEMS

synthesis of pulyl.u'(}thang:s lov the simple reason

that diisocyanates, one of the monomers used in -

is cans ] L ;
this syntliesis, are water-sensitive.  No less easy is
the replacement of Solvent after the synthe

polyurethanes by the|solutinn methed. The casiest

Wity to,overcome Lhik difficully is tie provision of.

hydvophiliciey in the  urethane structive  itself,
without Ct)lll[)}'(”lliSin,’ enthe other properties for
which urethanes are very well noted.  This implies
the incorporation of the minimum | number  of
hydrophilic groups in the polymer structure or
subsequently destroying or réndering ineffective all
such groups. The ways in which these could be
achieved are briefly reviewed'in this article,

Methods of Making | Non-ionic Aqucous
Systems

Polyurcthanes are characterized by  the pre-
sence of the group |NH.CO.0. in their back-
bone. The structure |of their repeating unit is
—OC.NH.R.NH.CO.OR".O— and it is proposed to be
indicated as U in all feactions mentioned in this
paper.  As implied in €hig structure, polyurethanes
can and in fact are prepared by reacting a diisu-
cyanate with a diol (Reactiop 1), Hence, poly-
urcthanes can be made hedrophilic by choosing
at least one of these redetants \Ivhich is hydeophitic.
Usitally  polycthylene giveol or epoxide s clinsen
for this purpose as the lydeoxyT eomponent™4, 3¢
the hydrophilicity: of these products is so great
that they ace useful hs textile coatings or as
thickeners®. Treatment bf NCO-ended urethane pre-

polymers with epoxide however, can vield the

desired product!o!?,

n—}fO—R'—OH-i-n—OCN‘-»R—NCO ]
—->HO~R'-O—Uu—-ICO.N“.R.NC() (1)
where U is — (O.C.NHR—N 1.CQ.O.R0)

Non-fonic polyurcthanes can also be produced
by emploving non-ionic emulsifiers'® 8 Il figst
attempt in this direction: was mace in 1943 by
Schlack, the inventor ol the caprolactum fibre.
He reacted  diisocyaute: with | diamines in the
presence of non-ionic oy Isifiers®, but enuld obtain
anly a polyurea and not a lyurethane (Reaction 2).

1= OCN —~R—NCO+# — H,N - R’ - NIH,
—= —(OCHUN — RINH = CONIH =~ R =N 11} ...(2)

Later, the reaction was repeiated with NCO-need
urcthane  prepolymers in place of simple  diiso-
cyanates. The products obtained were wrethine-
urea block polymers?t- (Reaction 3). These had
two major defects. For dne thing, reproducibility
could not be achieved, as the process was diffusion
controlled. And for the other, the products had
only  limited shelf-life. Thn bigger particle size

“due to the heterophasic nadure cof the reaction

system was responsible for| (s, Howessr, storage
stability could be improved by high'shear homogeni-
zation of the urethane prepolymer prior to reaction

= Un=CO.NH —R—~NCO -} FlNj-- R* = N, -}- OGN o
R~NI{CO.Up — | 3)

= Un=CO.NH ~ R~ NH.CO.NU ' ~ NH.CO.
NH—R—NHCO.Un~ :

2 i

with diamine®.  Urethane-ureit polymer could alsn
be obtained by allowing the NCO ond groups of the
urcthane prepolymer emulsion to react slowly with
the water medium itsel{2: (Reaction 4)." This
second product, however, was inferior to the diamine.
feacted one. Both still contuined some solvent.

SThey are uselul as  textile, leather and paper

impregnants. To achieve satisfactory strength wnd
water resistance, these tems require post-curing
at clevated temperatures. -
—Un—CO.NH~R~NCO+4I1,0

—— —Un—~CO.NI[—R—-NII,—|-CO‘
--Uu--(lOANH—R—-NH,-{‘-OCN—R—-NH-—CO-—U,.~

)

- U,.—CO.NH—R—EJ! O'Eﬂ——R ~NH—-CO~Un— J

whers Up=[OCN ~R~NI1.CO ~ Up .o fome0Q — ' — O]

Aunionic Materialg

An excellent review on the preparation of tlie
ionic polyurethanes was presented by Dieterich™,
Of the two types possible, the anionic polyurcthanes
contain acid groups which can be neutralized by
metallic or wmine bases. They are often produced
by the reaction of polyurethanes having urea groups
with hutane sulphone (lactone of hydroxy sulphonic
acid) or succinic anliydrice? 1 {Reaction 5). ~ They
e adso be prodiced during polymer synthesis by
poly-addition ol diisocyanates with diaminosulphonic
acids or diaminocarboxylic acids'-51,

Cli—Co
OCN{~R=NH.CO.OR ~ )y —Oll 4- n >O:{-lll§l,:\'

CH—CO
UCN = (= R=N = CO0 = R =), — Ol

€O —(CH,),~CO0 ~ (HNEQ), . (3)

Anionic urethane was also prepared by treating t
polymer obtained from aleohnlized linseed nil and
diisocyanates with maleic anhvdride and neutralizing
with - triethyl amingd®-5l, The coating  obtained
became dry to touch within 25 hr at room tem-
perature in the presence of cobalt naphthanate drier,
Similarly, a l’h{:rlnr)sntting resin can be obtained by
reisting - NCO-ended  prepolymer  with teimellitic
anhdride, an epoxide and aiamine.  This is baked
at elevated  temperatuee after adding  melamine-

foemaddehvde amd wator! 47,55,

Cationic Materials

Tl dirst waler-soluble polvurethanes were catino-
nics. They were made as early us 1942 by Schiack.
He reacted 1,6-hexamethylene diisocyanate with
N-methyl diethanol amine and got the strongly basic
polyurethanes™ (Reaction 6). They were soluble in
dilute formic and acetic acids andfor TeCl, o
SnCly  solutinns®™59, T nitrogen  derived from
N-methyl-dicthanol-amine could be nyace basic by
treatient with dimethyl sulphate or benzyl ehloride
also (Reaction 7). These polyurcthanes were, how-
ever, uot useful because of “their extreme hydri-
philicity and low molecular weight,

2 OCN = (CI)y=NCO-k (10~ (CI1,)],——N —C11, 1
X . (6)
[OCN=-(CHg)y~NH.CO.0~ (CHy)y~),~N=-CH, |
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v 45 =8
(a) 11°C—0Q 0 H GO 0.
N No”
N ' N
HC—0 0 -0 0O
) 5 4
{h) (OCN—-U,)y~N-—H—-C-——0 O
X
>
7/ 3
H GO Iy}
CI,
|
e (OCN = Uy, N* . ... (H,CS0,) (7
|
CH,

In the above method, addition of casily quater-
nizable nitrogen into the polyurethanc backbone
is the chief step involved®-%.  TFor that matter,
other quaternizable atoms like phosphorus can and
have been tried.  Subsequent quaternization of the
added nitrogen is the next step in Schalck’s method.
But polyaddition and quateruization can also be
carricd out simultancousty. In the reaction of
diisocyanates with N-methyl diethanolamine, the
envisaged  polyaddition-quaternization  could " he
achieved by the use of haloalcohol and a mouno-
aléohol of a tertiary amine in place of the N-methyl
dicthanolamine®®-9? (Reaction 8). A prominent merit
of this method is that it produces polymers of high
molecular weight.  Yet another way of polyaddition-
quaternization has been reported in the reaction of
halogen-ended urethane prepolymers with tertiary
diamines™ " (Reaction 9).

CZH5
“Up €O MIH-R-NCQ #HO-CH 7 CH BN~y CHy— O+ OCH-R-NH-C0- Uyt
CaMs
l c‘ He 9)
.

X "
Lo X i9)
X-R*-0.CO-NH-Y IN"-R-K"-R" -0 CO-NH-U X

| |
{CHy), (CH),

where X is a haltogen J

All the cases considered hitherto related only
to’ the elements of the fifth group of the periodic
table. By the same criterion, higher group elements
may also be used for this purpose. Elements of
sintl group, in particular, are worthy of exploitation.
Attempts have been made to utilize, the base-forming
powers of sulphur. Sulphonium ion is formed by
ternation in this case™. For example, urethane
prepolymer obtained from toluene-diisocyante and’
polypropyleneglycol cther was chain-extended with
thin-diglycol in the presence of dibutyl tin-dilaurate
in acctone medium. This was then reacted with
dimethyl sulphate in water and the solvent was
distiiled to obtain a stable latex™.

The basic character of all’ cationic products -is
usually a function of the basic groups content.

Consequently, ‘ionomers possessing a lesser amount
of these ;groups exhibit proportionately reduced
solubility. For example, the products —originally
obtained by Schiack were soluble in 20%, hot acid
and on cooling formed a gel. It was noticed that
onee the confent of the basic nitrogen dropped.
helow 159, the pulvmer no longer dissolved in the
hot acid even at higher temperature. However,
technically useful ionomers are those in which the
basic nitrigen eonlent is just enough to make the
polymer insoluble in water and yet-soluble in polar
solvents containing minor quantities of water. Such
systems can be further thinned with water without
separation. The organic solvent can be removed
later to leave a stable polyurethane latex™.
Properties of Polyurcthane Jonomers

The greatest merit of ionomers is that they can
be dispersed in water without external assistance.
This has several interesting consequences. The
abseuce of emulsifier makes the dispersions less
sensitive to mechanical shearing as well as orgauic

solvents, with the result that they can be heated .

or stirred or even diluted with solvents without
causing precipitation. The film-forming propertics
are also outstanding.  Since no problems of compali-
bility arc associated with cmulsifiers, the coatings
impart high gloss to the substrate. The hardness
of the films obtained has been found to be in the
range 20-220 sec (the hardness of glass) of pendulum

" hardness. The films were found to exhibit an

extraordinarily high degree of physical crosslinking
due to the joint action of electrostatic forces between
charged centres and the hydrogen bridges. Thiy
plysical crosslinking leads to increased water and
solvent resistance and higher tensile strength.  How-
over, to achieve optimum properties, additional
crosstinking is recommended. o

Chemical crosstinking can be effected in any ono
of the following ways. Polyurcthane possessing i
smalbquantity of free NCO groups can be erosslinkod
by reacting with water. While such crosslinks are
intra-lationlarfparticalate in the case of non-ionic
fattices (ie. dispersions containing eowdsifiers), in
respect of ionomerie dispersions  they are both
intra- and inter-particatate, predominantly of the
latter type. Fermaldehyde has been found to be a
good crosslinking agent for the ionomers. Cross-
linking occurs by the formation of a methviene
bridge between urcthane groups and is possible hoth
in films and lattices™ 7. Cationic polyurcthanes are
crosslinked’ by means of Lifunctional quaternizing®?
agents like 1,4-bischlorometiiyl benzene and 1.4-di-
bromobutane. These arc first incorpotated mono-
functionally and crosslinking is effected at a later
stage. v
" Crosslinked ionomers luive been found to  be
highlv stable to organic solvents containing water.
The polyurethane dispersions are known to form
films even in the range of highest surface hardness
and in this respect they outdo the hard vinyl
dispersions  which do not form films:* Suitably
formulated dispersions after a minimum of drying
time are known to exhibit surface hardness in the

3
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‘range 180-220 sec of pendulum hardness. Despite
this higher surface hardness, they -exhibit no
brittleness, as can be seen from the high -abrasion
resistance.  (They are found to lose only 15-18 mg
after 1000 revolutions under 1 kg weight in. the
Taber abrader.), Thiir flexibility.is also comparable
to that of other sochnt-bas,{ed Systems, as can be
seen from Ericheen 'cupping' values of over 7 mm.

Polyurethane ionomers are characterized by fast
drying, permitting recoating of the substrates within

“a short time. OtHer advantages include good

adhesion to many substrates, such as wood, paper,
glass, ceramics, oem"ant, fibreboard, etc., and good
resistance: to a_number of solvents, particularly
hydrocarbons. They are also resistant to oils and
greases and their water sensitivity has beén found
to be negligible. l\’Vhile cationic systems were
found to be inadequate in respect of light fastness,
pigment dispersion and weather resistance, anionic
systems derived from aliphatic isocyanates were

found to be superior in thcsl'e respects.

Conclusion i

The increasing awarenoss about air pollution, fire
hazards and discomfort in the use of solvent-based
finishes have given impetusito.the use of aqueous
systems. Although synthesis of polyurethanes direct-
Iy in aqueous media is net possible,. it can be
cffected by a madificd emulsion technique in-which
onc of the reactants is hydrophilic or the reaction
is carried out with a urethane prepolymer in the
presence of nonicnic|emulsifiers.  But ijonomers are
more important du¢ to their ability to disperse
themsclves in the water medium and  the high
stability of the resultirg dispersions against high
mechanical . shear, heat and ageing. Electrostatic
repulsion causing dispersal of the polymeric particles
and the non-strippable nature of the incorporation

- of the groups boarin'g these charges are responsible

for the permanent | stability of these ionomeric
dispersions. Furtherl, the absence of emulsifiers
immediately minimizes the incidence of haze and
similarly, gloss, harc].lncss, quick drying, adlesion,
solvent resistance, etc. are also more for the
ionomeric finishes than for the solvent-based finishes.
The infinite scope for variation in the strength,
number, kind "of charge and compactness of “the
hydrophilic groups as well as the molecular weight
of the polymeric chains and the degrec of their
crosslinking subscqucl}ltly have combined to open wp
a wide range of variations in these properties.  High
solids content at low viscosity, easy cleaning-up,
low cost and other| such advantages of aqueous
systems — all put together promise continually ex-
panding uses for iondmers.

The general methods for- the production of
non-ionic, anionic and cationic polyurethanes in
aqueots medium are reviewed. The' properties of
the polyurethane - ionomers with respect to their
dispersibility in water, mechanical shear, heat and
ageing are discussed. The scope for introducing
variation in the kind' of charge and compactness of
hydrophilic groups, as well as the molecular weight
of the polymeric chains in the ionomers is discussed.
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