AQUEOUS POLYURETHANE DI SPERSI ONS The present invention rel 58T
»aqueous di spersions and nore particularly to aqgueous pol yurethane

di spersions in which the pol yurethane conprises dinmer acid and certain | ow
nol culaq”mpgghb cycl oal i phati conponent g. Aqueous pol yur et hane
di sfgersi ons which are used as or provide the basis of aqueous-based coating
congosi ti ons %re wel b known for the production of coating films on various
sub$trates. They'may be used for the provision of e.g. protective or
decorative coatlngs si nce

AQUEOUS POLYURETHANE DISPERSIONS

The present invention relates to aqueous dispersions and more
particularly to aqueous polyurethane dispersions in which the polyurethane
comprises dimer acid and certain low molecular weight cycloaliphatic
components.

Aqueous polyurethane dispersions which are used as or provide the
basis of aqueous-based coating compositions are well known for the
production of coating films on various substrates. They may be used for
the provision of e.g. protective or decorative coatings since
polyurethanes, depending on their particular composition, can possess many
desirable properties such as good chemical resistance, water-
resistance, solvent resistance,'toughness, abrasion-resistance, substrate
adhesion and durability. Dispers;on of the polyurethane in the aqueous
system has been achieved either by the use of external surfactants or, more
usefully, by including appropriate chain-pendant ionic and/or nonionic
groups in the structure of the polyurethane polymer. In the latter respect,
such aqueous polyurethane dispersions are particularly advantageously
prepared (as is by now well-known in the art) by dispersing an isocyanate-
terminated polyurethane prepolymer bearing ionic and/or nonionic dispersing
groups into an aqueous medium and then reacting the prepolymer with an
active hydrogen-containing chain extender while dispersed in the aqueous
medium. See e.g. UK Patents 1549458 and 1549459.

It is known to obtain particularly high performance agqueous
polyurethane dispersions, especially in terms of the chemical, water,
solvent and stain-resistance of coatings derived therefrom, by employing a
polycarbbnate polyol as a reactant in the prepolymer formation along with
the other components used in the prepolymer synthesis, particularly always
including an organic polyisocyanate. However, polycarbonate polyols tend to
be very expensive materials. Moreover, in our experience their future
supply cannot always be guaranteed. In view of this we have sought high

performance alternatives to polycarbonate polyol-based polyurethane aqueous

dispersions.
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pol yur et hanes, depending on their particular conposition, can possess many
desirabl e properties such as good chem cal resistance, water- resistance,
sol vent “resi Stance, toughness, abrasion-resistance, substrate adhesion and
,durgbilityy: Qsgpersion of the pol yurethang in the aqueous system has been
‘achi-eved either by the use of external surfactants or, nore usefully, by
‘incl.udi ng.appropriate chain-pendant ionic and/or nonionic groups in the
strecture of the polyurethane polyner. In the |latter respect, such agueous
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prepol yner formation along wth the other conponents used in the prepolyner
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guarant eed. In vi®w oft thfpEt QRengTaand s R "3E¢ £ or mance al ternatives to
pol ycar bonat e potiil - badedspangupelyeanermiyebuthich has been derived at least

in part from a dimer acid,

(iii) at least one isocyanate-reactive and/or diisocyanate compound
providing nonionic and/or ionic dispersing groups or groups
which are subsequently converted to such dispersing groups,
and wherein -

(iv) said prepolymer also incorporates polymerised units of one
or more of the following : at least one cycloaliphatic polyol
of molecular weight below 400, at least one cycloaliphatic
polyacid of molecular weight below 400, at least one aromatic
polyol of molecular weight below 500, and at least one
aromatic polyacid of molecular weight below 500 with the
proviso that any such cycloaliphatic or aromatic polyol(s) is
inéorporated by being used as a reactant in the synthesis of
the at least one polyesterpolyol and/or by being used as such
(i.e. as a separate component(s)) in the prepolymer synthesis,
and that any cycloaliphatic or aromatic polyacid(s) is
incorporated only or substantially only by being used as a
reactant in the synthesis of the at least one polyesterpolyol,
and

(B) an active-hydrogen chain-extending compound(s).
There is also provided according to the invention a process for the
preparation of an aqueous polyurethane polymer dispersion which
process comprises : |
\
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di sper si ons. 2 W have now
.di scovered novel aqueous pol yurethane dispersions of exceptionally high

per f ormance Whi ch do not owe their good properties to the presence of a

' pol ycar boggé &4egbyol conponent -in the pol yurethane. According to the
present invention there is provided an aqueous pol yurethane pol yner(s)

di spersi on wherein the pol yurethane pol yner(s) thereof conprises the

reaeti on product of: (A an i socyanate-term nated pol yuret hane

prepol yner forned from reactants which conprise: (i) at

| east one orgpani Gyr&(h|e¥i§ﬁ@yaqﬁl6h¢s%cyanate ternfihbed @dbljiRthakd1@repolymer from
pol yesterpol yol whi ch has been derived at |east In part from

a di mer aci cactants’ Wh’(‘? Cf™Rt*%téast one isocyanate-reactive and/ or

dii socyanate conmpbundat least one organitOpdldiiBgcyemaiteni ¢ and/ or ionic

di sper si ng grOUp?iBr L Y3 one polyesterpolyol which incorporates polymerised
units derived from a dimer acid, '

(iii) at least one isocyanate-reactive and/or diisocyanate compound
providing nonionic and/or ionic dispersing groups or groups
which are supsequently converted to such dispersing groups,
and wherein

(iv) said prepolymer also incorporates polymerised units of one or
more of the following: at least one cycloaliphatic polyol of
molecular weight below 400, at least one cycloaliphatic
polyacid of molecular weight below 400, at least one aromatic
polyol of molecular weight below 500, and at least one
aromatic polyacid éf molecular weight below 500 with the
proviso that any such cycloaliphatic or aromatic polyol(s) is
incorporated by being used as a reactant in the synthesis of
the at least one polyesterpolyol and/or by being used as such
{i.e. as a separate component(si) in the prepolymer synthesis,
and that any cycloaliphatic or aromatic polyacid(s) is
incorporated only or substantially only by being uséd as a
reactant in the synthesis of the at least one polyesterpolyol,

II. forming an aqueous dispersion of said prepolymer having converted to
dispersing groups any groups requiring such conversion, and

III. chain-extending the prepolymer, in the aqueous medium, to form said
polyurethane polymer dispersion using an active hydrogen chain-
extending compound(s).

There is further provided according to the invention a coating
obtainable or derived from an aqueous-based composition comprising an
aqueous polyurethane polymer dispersion as defined above.

There is still further provided according to the invention a method
of coating a substrate using an aqueous-based composition comprising an

aqueous polyurethane polymer dispersion as defined above.
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whi ch are subsequently converted to such di spersing groups,

and wherein (iv) said prepolyner also incorporates polynerised
units of one’ or nore of the following : at |east one

‘cyclioal i Eat 360g30! yol of noj ecul ar wei ght bel ow 400, at |east
one cycl oaliphatic pol yaci d of nol ecul ar wei ght bel ow 400, at
| east one aronmatic pol yol of nol ecul ar wei ght bel ow 500, and
at l.east one aromati c polyacid of nol ecul ar wei ght bel ow 500
with the provi so that any such cycl oaliphatic or aromatic

pol yol (s) is There is stilll Bﬁﬁm@rﬁﬁcﬁddb& atmebmglngsed e anvemﬁ:bmrat cbatddhe

syntheS|s one al and/ y belng
itod ae ybRerate having a countfy Pora N1 AT aBE VT EERE by By R fleed

pr epol ynmeonpgsittiesi scomprising an aqueouarmlymthamq oy ghealdipbertsion s debireet i C

pol yaci d(ghvk S I ncorporated only or substantially only by
bei ng used as a reactant in the sgnthegis of the at |east one
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water is the principle component (at least 50 weight Z, more usually at
least 80 weight Z, of the carrier medium). Minor amounts of organic liquids
may optionally be present. The dispersion will typically comprise
colloidally dispersed particles of the polyurethane, i.e. will typically be
in the form of an aqueoné latex.

It has thus been discovergd that aqueous polyurethane polymer
dispersions as defined above, i.e. in which the prepolymer used in the
synthesis thereof is derived from a polyester polyol incorporating
polymerised dimer acid units and the prepolymer also incorporating
polymerised units of low molecular weight cycloaliphatic and/or aromatic
polyols and/or diacids (as defined) in a mannef also as defined above,
unexpéctedly possess an exceptionally advantageous combination of good
properties, in particular excellent chemical, water, solvent, and stain-
resistance, and can therefore be considered as high performance products.

Polyester polyols as used herein preferably contain an average of
1.5 to 3 hyroxyl groups per molecule, preferably 1.8 to 2.3 hydroxyl groups
per molecule, and particularly 1.9 to 2.1 groups per molecule (i.e. about 2
groups per molecule). The hydroxyl groups are usually terminally located
(i.e. at the end of a polymer chain) but can be non-terminal as well. The
polyester structure may be linear or it may be branched. As is well known,
polyesters, which contain carbonyloxy linking groups (i.e. ester groups of
formula -C(=0)-0-) are made by polymerising an "acid component", by which we
mean a component consisting of reactant(s) based substantially on at least
one multifunctional carboxylic acid (usually mostly or all dicarboxylic), or

ester-forming derivatives thereof such as acid halides, anhydrides or esters
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l1tol.7: 1 There is al so provided according to the invention

a process for the preparation of an aqueous pol yuret hane pol yner

di spersion which process conprises :

3 . ?Ién%%%i sing an isocyanat e-tersm' nat ed pol yur et hane prepol yner
from reactsn Whi ch conpri se: (1) “at least one organic

pol yi socyanat e, (ii) at least one polyesterpolyol which incorporates
pol ymeri sed units derived froma diner acid, (i) at

| east one isocyanate-reactive and/or diisocyanate conpound .

e QTR Co O Bngl 8935400, DU 060 AEOURS Lncsar case) s
a "hydroxyl-component", by which we mean a component consisting of
reactant(s) based substantially on at least one polyol (usually including at
least one diol). (It is to be understood however, that the polyester may
contain if desired small amounts of carbonylamido linking groups -C(=0)-NH-
by including a minor amount of an appropriate amino functional reactant as
part of the "hydroxyl-component®"; however this is not usual).

The polyester polypls used in the instant invention have an acid
component which comprises at least one dimer acid.

Dimer acids (and esters thereof) are a well known commercially
available class of (usually unsaturated) dicarboxylic acids (or esters).
They are normally prepared by dimerising unsaturated long chain aliphatic
monocarboxylic acids, usually of 13 to 22 carbon atoms, or their esters
(e.g. alkyl esters). The dimerigation is thought by those in the art
(although we should not be bound by this) to proceed by possible mechanisms
which includes Diels Alder, free radical, and carbonium ion mechanisms. The
dimer acid material will normally comprise a mixture of isomers which will
usually contain 26 to 44 carbon atoms. Particularly, examples include dimer
acids (or esters) derived from C-18 and C-22 ﬁnsaturated monocarboxylic
acids (or esters) which will yield, respectively, C-36 and C-44 dimer acids
(or esters). Dimer acids derived from C-18 unsaturated acids, which include
acids such as linoleic and linolenic are particularly well known (yielding
C-36 dimer acids). For example & 9, 11 and A .9, 12 linoleic acids can
dimerise to an isomer mixture having structures selected from one or more of
linear, acyclic and aromatic structures. The dimer acid products will
normally also contain a proportion of trimer acids (e.g. C-54 acids when
using Cc-18 starting acids), possibly even higher oligomers and also small
amounts of the monomer acids.

The dimer acids preferred in this invention are the high purity
(polymer grade) materials. Such dimer acids contain both low levels of
monobasic, and other monofunctional intermediates, and low levels of
trimer acid. The low level of monofunctional components facilitates the
subsequent production of high molecular weight polymers. The low level
of trimer content minimises any branching which might possibly lead to a

viscosity increase or a risk of gelation (crosslinking) in subsequent
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and wherein (iv) said prepolyner also incorporates polynerised units

of one or nore of the follow ng: at |east one cycloaliphatic
“pol yol ‘of ) nol ecul ar wei ght bel ow 400, at .| east one
‘cycloal i phaki $s999 pol yacid of molgcul ar wei ght bel ow 400. at | east
~one aromatic pol yol of nolecular weight bel ow 500, and at |east
one aromatic polyacid of nolecular weight bel ow 500 with the

provi so t hat any such cycl oaliphatic or aromatic polyol (s) is

i ncorporated by being used as a reactant in the synthesis of
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levels of unsaturation. The iodine value is preferably below 10 g I»/100 g

for the dimer acid component. Several different grades of high purity
dimer acids are available from commercial sources, for examples PRIPOL 1009
is a C-36 type available from Unichema International (PRIPOL is a trademark
of Unichema).

Hereinafter the term "diﬁer acid" (unless there are indications to
the contrary) is used for convenience to collectively convey both the diacid
material itself, or ester-forming derivatives thereof (such as lower alkyl
esters) and includes (if present) any trimer or monomer.

In the synthesis of the polyester polfol, the acid component used
therefor can consist solely of dimer acid, i.e. the dimer acid can be the
only diacid. Alternatively, the dimer acid may be used in conjunction with
any . of the diacids or higher functionality acids which are suitable for
incorporation into the polyester structure. Suitable acids for this purpose
include C-4 to C-20 aliphatic, cycloaliphatic and aromatic dicarboxylic
acids (or higher functionality acids) or their ester-forming derivatives
(such as anhydrides or lower alkyl esters). Specific examples include
adipic écid, fumaric acid, maleic acid, succinic acid, itaconic acid,
sebacic acid, 1,4-cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic
acid, 1,2-cyclohexanedicarboxylic acid, terephthalic acid, isophthalic acid,
phthalic acid, and tetrahydrophthalic acid. Anhydrides include succinic,
maleic and phthalic anhydrides. '

It will be noted that cycloaliphatic dicarboxylic acids of molecular
weight below 400 and aromatic diacids of molecular weight below 500 are

| given above as examples of polyacids which may be used in conjunction with
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prepolyner is in the range of from0.8 : 1 to 1.7 : 1. There is
further prOV|ded according to the invention a coating obtai nable or derived
from an” aqueous- based conposition conprising an aqueous pol yur et hane

pol ymer djuePpeEsdgon as defined above. 7 There is still further

provi ded according to the invention a nmethod of coating a substrate using
an aqueous-based conposition conprising an aqueous pol yuret hane pol yner

di spersion as defined above. There is still further
provi ded according to the invention a coated substrate having a coating

obt ai nabl#heodiftar b edl akr €8 aBidHiRPLTerRQSeEH of course if low molecular weight

cycloaliphatic and/or aromatic polyacids are in fact incorporated into the
polyurethane structure, they will (as defined above) necessarily be
incorporated only or substantially only in this way (i.e by being used only
or substantially only as a reactant in the synthesis of the polyester
polyol). This is because incorporation of such cycloaliphatic and/or
aromatic polyacids by using them as such (i.e. as a separate component) in
the prepolymer synthesis in our experience generates unacceptable foaming.
However they might be used to a very small degree (say up to 1 or 2 wtZ in
total, based on the weight of prepolymer reactants) without any problems;
hence the use of the term "substantially only®. Other (non cycloaliphatic
or non-aromatic) polyacids which may be used particularly include adipic
acid.

With regard to the hydroxyl-component reactants used in the
polyester polyol synthesis, these can be any one or more of the diols
(glycols) suitable for incorporation into the polyurethane structure and
may be aliphatic, cycloaliphatic, aryl or aralkyl glycols; small amounts of
higher functionality alcohols may also be used if desired (e.g. tri-or
tetrafunctional alcohols). Examples of these include 1,6-hexane diol,
ethylene or propylene glycol, 1,3-butanediol,l,4-butanediol, neopentyl
glycol, trimethyl pentane diol, the 1,2-, 1,3-, and 1,4-cyclohexanediols and
the corresponding cyclohexane dimethanols, diethylene glycol, dipropylene
glycol, glycerol, trimethylol propane, and pentaerythritol. Diols such as
alkoxylated bisphenol A products (which are here intended to be included
within the term aralkyl glycols), e.g. ethoxylated or propoxylated bisphenol
A (usually of molecular weight below 500)could also be used.

It will again be noted that cycloaliphatic polyols of molecular
weight below 400 and aromatic polyols of molecular weight below 500 (NB we
intend aralkyl glycols, such as the alkoxylated bisphenol A products
mentioned above, to be examples of aromatic polyols) are given above as
examples of polyols which may be used as at least part of the hydroxyl
component employed in the polyester polyol synthesis, and of course if
low molecular weight cycloaliphatic and/or aromatic polyols are in fact

incorporated into the polyurethane structure, they can (as defined) be
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Conposi tion conprising an aqueous pol yurethane pol yner di spersion as define
above. The aqueous pol yur et hane di spersion of the invention nay of
cour se conprise nore than one pol yurethane pol yner prepared as defined
aboye. -mc.3g99¢FOr the purposes of thisdnvention an "aqueous dispersion”
nmeans a dlsper5|on of the polyurethane polynmer in a liquid carrier nmedium
of which water is the principle conponent (at |east 50 weight Z, nore
usually at |east 80 weight Z, of the carrier nmedium. M nor anounts of
organic liquids nmay optionally be present. The dispersion will typically
conpri séncatgoraded lipy ehipesyad .party béﬁsg aked s poteactehtiamethe . e. wil |l
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speaking the reactants are usually used in proportions such
that the ratio of hydroxyl-component hydroxyl groups to acid-component
carboxyl groups is from about 1.05:1 to about 1.5:1 (more usually 1.3:1 to
1.1:1).

Usually, the hydroxyl numbgr of the polyester polyol will be within
the range of from 30 to 210 (more usually 40 to 150) mg KOH/g, and its acid
value will usually be within the range of 0 to 20 (more usually 0.05 to 2)
mg KOH/g. The number average molecular weight of the polyester polyol will
often be within the range of from 500 to 5000, more usually from 700 to
3000. ' |

The level of dimer acid - derived units in the polyester polyol on a
weight X basis will often be within the range of 25 to 75 weight Z (often 30
to 70 weight Z). The level of units derived from one or more of said low
molecular weight cycloaliphatic polyol, cycloaliphatic polyacid in the
polyester on a weight Z basis will usually be within the range of from 0 to
55 weight Z, and the level of other polyacid and/or polyol components will
usually be within the range of from 0 to 75 weight XZ.

The level of polyester polyol-derived units as a whole in the
polyurethane prepolymer on a weight basis will usually be at least 25 weight
%2, and usually within the range of 25 to 75 weight Z (more usually 30 to 65
weight ). .

It will be perceived that in the present invention one could have
the following embodiments concerning the interrelationships of the dimer
acid-based polyester polyoi and the low molecular weight polyol/polyacid

components.
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per nolecule, and particularly 1.9 to 2.1 groups per nolecule (i.e. about 2
groups per nol ecul e). The hydroxyl groups are usually termnally |ocated
(i.e. at the end of a polynmer chain) but can be non-terninal as well. The
polyestermﬁigyggyre may be linear or it mgy be branched. As is well known,
pol yesters, which contain carbonyl oxy |inking groups (i.e. ester groups of
formula -C(=0)-0-) are nade by polynerising an "acid conponent”, by which
we mean a component consisting of reactant(s) based substantially on at

| east one multifunctional carboxylic acid (usually nostly or all :

di carboxylic), din ¢beafostoprafiegrettiofyveidsecemlididments shehpelyesicird phbgdldes,

anhydri defhé%&p§§§é%%3both dimer acid and cycloaliphatic and/or aromatic low
molecular weight polyol and/or polyacid, and there is no low molecular
weight cycloaliphatic and/or aromatic polyol used as such in the prepolymer
synthesis. The level of dimer acid in the polyester polyol is usually
within the range of from 25 to 75 weight % and the level of low molecular
weight cycloaliphatic and/or aromatic polyol and/or polyacid is usually in
the range of from 15 to 65 weight Z and the level of other polyacid and/or
polyol components will usually be within the range of 0 to 55 weight Z. The
polyester polyol as a whole is usually incorporated into the prepolymer at a
level of 25 to 75 weight Z.

In another embodiment, the polyester polyol incorporates dimer acid
but no low molecular weight (<400) cycloaliphatic and/or low molecular
weight (<500) aromatic polyol and/or polyacid, and a low molecular weight
cycloaliphatic and/or aromatic poiyol component is used as such (i.e. as a
separate component) in the prepolymer synthesis. The level of dimer acid in

' the polyester is usually at least 25 weight Z, more usually in the range of
25 to 80 weight Z, with the level of other (noncycloaliphatic or non
aromatic) polyacid and/or polyol components usﬁally being up to 75 weight Z,
more usually 20 to 75 weight 2. The level of polyester polyol as a whole in
the prepolymer is usually within the range of from 30 to 68 weight Z. The
level of low molecular weight cycloaliphatic and/or aromatic polyol
incorporated as such (i.e. as a separate component) in the prepolymer is
usually within the range of 2 to 12 Z by weight.

In a further embodiment a combination of the above two embodiments
is used, i.e. the polyester polyol incorporates low molecular weight (<400)
cycloaliphatic and/or low molecular weight (<500) aromatic polyol and/or
polyacid as well as dimer acid and a separate low molecular cycloaliphatic
and/or aromatic polyol component is also incorporated into the polyurethane
prepolymer.

Overall, the level of dimer acid in the polyurethane prepolymer will
usually bé in the range of 10 to 50 weight Z.

Also overall, the level of low molecular weight (<400)

cycloaliphatic and/or low molecular weight (<500) aromatic polyol(s) and/or
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(polynerlsatlon taklng place by transesterification in the latter case) and
"hydr oxyl - conponent™, by which we nean a conponent consisting of

reactani(s) based substantlally on at |east one polyol (usually including
at |east spoesegdiool ). (It is to be understppd however, that the polyester may
contain if desired small anmounts of carbonyl am do Iinking groups - C(=0)-NH
by including a mnor anount of an appropriate am no functional reactant as
part of the "hydroxyl-conponent”; however this is not usual). The
pol yester polyols used in the instant invention have an acid conponent

whi ch comotyardd(al) undastimnbe dpnepplaeirdwill usuallyDbersrithién dehe( sangeest ¢ o
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dicarboxylic acid.

Optionally, up to 40 weight Z (i.e. 0 to 40 weight Z), more
preferably up to 30 weight Z (0 to 30 weight Z), based on the weight of the
polyurethane prepolymer reéctants, of another type of polyol typically used
in polyurethane prepolymer synthesis (i.e. other than a dimer-acid
containing polyester polyol as defined above) can be used. Examples include
polyether polyols, other types of polyester polyols, polycarbonate polyols,
polycaprolactane polyols and the like.

The organic polyisocyanate used in making the prepolymer may be an
aliphatic, cycloaliphatic, araliphatic or aromatic polyisocyanate. Examples
of suitable polyisocyanates include ethylene diisocyanate, 1,6-hexamethylene
diisocyanate, isophorone diisocyanate, tetramethylxylene diisocyanate,
1,4-phenylene diisocyanate, 2,4-toluene diisocyanate, 2,6-toluene
diisocyanate, 4,4'-diphenyl-methane diisocyanate and its hydrogenated
derivative, 2,4’-diphenylmethane diisocyanate and its hydrogenated
derivative, polymethylene polyphenyl polyisocyanates and 1,5-naphthylene
diisocyanate. Mixtures of polyisocyanates can be used, particularly
isomeric mixtures of the toluene diisocyanates or isomeric mixtures of the
diphenylmethane diisocyanates (or their hydrogenated derivatives), and also
polyisocyanates which have been modified by the introduction of urethane,
allophanate, urea, biuret, carbodiimide, uretonimine or isocyanurate
residues. Preferred polyisocyanates are cycloaliphatic polyisocyanates such
as 4,4’-dicyclohexylmethane diisocyanate.

The overall level of isocyanate-derived units in the prepolymer will

usually be in the range of from 28 to 60 weight Z.
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(or esters). Dinmer acids derived fromC-18 unsaturated acids, which include
acids such as linoleic and linolenic are particularly well known (yielding
C-36 dimer acids). For exanple [err] 9, 11 and[err] 9. 12 linoleic acids
can _di meiMcSesdgd an i sonmer m xture havinggstructures selected fromone or
nore of linear, acyclic and aromatic structures. The dinmer acid products

wll normally also contain a proportion of trinmer acids (e.g. G54 acids
when using C- 18 starting acids), possibly even higher oligoners and al so
smal | amounts of the nmononer acids. The dinmer acids preferred in

thi s invention Iar ehd meshimiefptrddt yf theet yembodimerds) thatpelyedter thigeldi mer
acids c evel h n onal
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gelatlanYPﬁF%ﬁ&ﬂ |n qqéyvqy10§u in the polyester polyol is usually
within the range of from 25 to 75 weight Z and the level of low molecular

weight cycloaliphatic and/or aromatic polyol and/or polyacid is usually in
the range of from 15 to 65 weight Z and the level of other polyacid and/or
polyol components will usually be within the range of 0 to 55 weight Z. The
polyester polyol as a whole is usually incorporated into the prepolymer at a
level of 25 to 75 weight Z.

In another embodiment, the polyester polyol incorporates dimer acid
but no low molecular weight (<400) cycloaliphatic and/or low molecular
weight (<500) aromatic polyol and/or polyacid, and a low molecular weight
cycloaliphatic and/or aromatic pol&ol component is used as such (i.e. as a
separate component) in the prepolymer synthesis. The level of dimer acid in
the polyester is usually at least 25 weight Z, more usually in the range of
25 to 80 weight Z, with the level of other (moncycloaliphatic or non
aromatic) polyacid and/or polyol components usuélly being up to 75 weight Z,
more usually 20 to 75 weight Z. The level of polyester polyol as a whole in
the prepolymer is usually within the range of from 30 to 68 weight Z. The
level of low molecular weight cycloaliphatic and/or aromatic polyol
incorporated as such (i.e. as a separate component) in the prepolymer is
usually within the range of 2 to 12 Z by weight.

In a further embodiment a combination of the above two embodiments
is used, i.e. the polyester polyol incorporates low molecular weight (<400)
cycloaliphatic and/or low molecular weight (<500) aromatic polyol and/or
polyacid as well as dimer acid and a separate low molecular cycloaliphatic
and/or aromatic polyol component is also incorporated into the polyurethane
prepolymer.

Overall, the level of dimer acid in the polyurethane prepolymer will
usually be in the range of 10 to 50 weight Z.

Also overall, the level of low molecular weight (<400)

cycloaliphatic and/or low molecular weight (<500) aromatic polyol(s) and/or
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steps. Preferred diner acids are those with less than 3 weight Z of triner
or higher oligoner. Usually, dinmer acid (or ester) products as initially
formed *are unsaturated which could possibly be detrinental to their

oxi dati vesmMgt,abédd ty by providing sites fgp crosslinking or degradation, and
so resulting in changes in the physical properties of the resulting
~coatings with tine. It is therefore preferred (although not essential) to
use.di mer acid products which have been hydrogenated to renove a
substanti al proportion of unreacted doubl e bonds. Thus, the dinmer acids
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and/or aromatic polyol(s) used as such (i.e. as a separate component) will
usually be within the range of from 0 to 12 weight I of the prepolymer.

The low molecular.weight cycloaliphatic polyol (if used) is in
particular 1,4-cyclohexane, dimethanol, and the low molecular weight
cycloaliphatic polyacid (if used) is in particular 1,4-cyclohexane
dicarboxylic acid.

Optiocnally, up to 40 weight Z (i.e. 0 to 40 weight X), more
preferably up to 30 weight Z (0 to 30 weight Z), based on the weight of the
polyurethane prepolymer reactants, of another type of polyol typically used
in polyurethane prepolymer synthesis (i.e. other than a dimer-acid
containing polyester polyol as défined above) can be used. Examples include
polyether polyols, other types of polyester polyols, polycarbonate polyols,
polycaprolactane polyols and the like.

The organic polyisocyanate used in making the prepolymer may be an
aliphatic, cycloaliphatic, araliphatic or aromatic polyisocyanate. Examples
of suitable polyisocyanates include ethylene diisocyanate, 1,6-hexamethylene
diisocyanate, isophorone diisocyanate, tetramethylxylene diisocyanate,
1,4-phenylene diisocyanate, 2,4-toluene diisocyanate, 2,6-toluene
diisocyanate, 4,4’-diphenyl-methane diisocyanate and its hydrogenated
derivative, 2,4’-diphenylmethane diisocyanate and its hydrogenated
derivative, polymethylene polyphenyl polyisocyanates and 1,5-naphthylene
diisocyanate. Mixtures of polyisocyanates can be used, particularly
isomeric mixtures of the toluene diisocyanates or isomeric mixtures of the
diphenylmethane diisocyanates (or their hydrogenated derivatives), and also
polyisocyanates which have been modified by the introduction of urethane,
allophanate, urea, biuret, carbodiimide, uretonimine or isocyanurate
residues. Preferred polyisocyanates are cycloaliphatic polyisocyanates such
as 4,4’-dicyclohexylmethane diisocyanate.

The overall level of isocyanate~derived units in the prepolymer will

usually be in the range of from 28 to 60 weight Z.
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Hereinafter the term"dinmer acid" (unless there are indications to the
contrary) is used for convenience to collectively convey both the diacid
material itself, or ester-forming derivatives thereof (such as |ower alkyl

esters) asgcissdlogdes (if present) any trixger or nononer. In the
synthesis of the polyester polyol, the acid conponent used therefor can
consist solely of diner acid, i.e. the diner acid can be the only diacid.

Alternatively, the diner acid nay be used in conjunction with any of the
di acids or higher functionality acids which are suitable for incorporation
into the pol yest & tdter prdaene. irfSent &yl e mandmgs s f proviibing ponposic amblogdeor@cs

1o 20 aluiphalsiGe fGbOAGPRAS AhALAMMbLhGe LG DVCEL! £1REE el BEoups,
hi gher functlona Ft a |ds°) i thel I ester-form ng derivatives (such as
anhydri degrerincdided gskysacssntes 4p. tispaepetione ke rfore sthen prepRlyRer fiocaaciad,

fumari c agkgvid®kBé Fadei fhy éf'Cé‘él@L@isgﬁh:Qibillti%Om Gadsd @ M%éﬁqlﬁ%ﬁ,and
1, 4- cycl ohexapedi car boxyl i'c acid, 1, 3-cycl ohexanedi carboxylic acid,
1, 2-cycl oﬁéﬁa‘grfé’ﬂflc%ffadﬁxﬁqeedaéiHﬂ’?Y‘l‘%"repht hal ic acid. isophthalic acid,
phthalic acid, amHeti®hiayidpepdingagtdupifiaf beABAYIDRLElE Fornetdip@esucci nic,
mal ei ¢ and phthal i c anhydri des. It will be noted that
cycl oal i phatic dicarboxylic acids of nolecular weight bel ow 400 and
aromati c di aci ds of mghkecul ar wgight bel ow 300 are given above as exanpl es
of pol yaci ds which mef-be used 4Pa conjowrnct4sen with

: | | |

or, more preferably, anionic, for example -S03~, -0SO3~, -P02~, and in
particular a carboxylate salt group -CO3~.

Groups which are subsequently converted to dispersing groups are
particularly unionised (or substantially unionised) acid or basic groups
which can be converted to corresponding anionic or cationic groups by
neutralisation or quaternation. For example free (unionised) carboxylic
acid groupé can be neutralised to carboxylate anionic groups while
tertiary amine groups can be quaternised to quaternary ammonium groups.

In general, anionic groups are preferably incorporated in the
prepolymer in the form of a low molecular weight polyol or polyamine bearing
the appropriate group(s) whilst cationic groups may be conveniently
incorporated by means of either a polymeric polyol or a low molecular weight
polyol or polyamine bearing the appropriate group(s).

It is most preferred that ionic groups are incorporated into the
prepolymer via carboxylic acid groups which are subsequently neutralised to
carboxylate ion groups using agents such as a tertiary amine, examples of
which include triethylamine, triethanoclamine or N-methylmorpholine, or an
alkaline hydroxide such as K or Na hydroxide or a quaternary ammonium
hydroxide. Examples of reactants for effecting such incorporation include
carboxy group-containing diols and triols, and in particular dihydroxy

alkanoic acids of the formula.
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7 "the diner acid as the acid conponent, and of course if |ow nol ecul ar
wei ght cycl oaliphatic and/or aromatic polyacids are in fact incorporated
into tHe pol'yurethane structure, they will (as defined above) necessarily
~be i.ncormMmcatesboonly or substantially onhy in this way (i.e by being used
‘only or substantially only as a reactant in the synthesis of the pol yester
polyol). This is because incorporation of such cycloaliphatic and/or
aromatic polyacids by using themas such (i.e. as a separate conponent) in
the prepolynmer synthesis in our experience generates unacceptabl e fr-oam ng.
However they m ght be used to a W¥p9Hsmal|l degree (say up to 1 or 2 wwZ in
total, based on the weight of prﬁpolyner reactants) w thout any probl ens;

Rl-c-cooH

CH,0H

wherein Rl is hydrogen or alkyl. The preferred carboxy containing diol is
2,2-dimethylol propionic acgid.

The conversion of any acid groups present in the prepolymer to
anionic salt groups may be effected by neutralising the said acidic groups
before, after (if in combination with nonionic stabilisation) or
simultaneously with formation of an agueous dispersion of the prepolymer.

Nonionic dispersing groups are typically pendant polyoxyalkylene
groups, particularly polyoxyethylene groups. Such groups may e.g. be
provided by employing as a react#nt in the prepolymer formation diols having
pendant polyoxyethylene chains such as those described in the prior art, for
example US 3905929. These diols, because of their function, may (for
convenience) be termed dispersing diols. Particularly suitable dispersing
diols may be obtained by reacting one mole of an organic diisocyanate in
which the two isocyanate groups have different reactivities with
approximately one mole of polyethylene glycol mono ether and then reacting
the adduct so obtained with approximately one mole of a dialkanolamine, for
example diethanolamine.

Nonionic dispersing groups may also be provided by employing as a
reactant in the prepolymer formation diisocyanates having pendant
polyoxyethylene chains such as those described in the prior art, for example
in US 3920598. These diisocyanates, because of their function, may be
regarded as dispersing diisocyanates. Particularly suitable dispersing
diisocyanates may be obtained by reacting two moles of an organic
diisocyanate in which the two isocyanate groups have different reactivities
with approximately one mole of polyethylene glycol mono-ether, the initially
formed urethane monoisocyanate then reacting at a higher temperature with
the excess diisocyanate to form an allophanate diisocyanate having a pendent

polyoxyethylene chain.

e
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hence the use of the term"substantially only'. OQther (non cycloaliphatic
or non-aromatic) polyacids which may be used particularly include adipic
acid. " Wth regard to the hydroxyl -conponent reactants used in the
pol yest ersMmli3gede synt hesi s, these can beiany one or nore of the diols
(glycols) suitable for incorporation into the pol yurethane structure and
may be aliphatic, cycloaliphatic, aryl or aral kyl glycols; snmall anpbunts of
.higher functionality alcohols nmay also be used if desired (e.g. tri-or
tetrafunctional alcohols). Exanples of these include 1, 6-hexane diol,

et hyl ene or propiheepelyyirgthane prepaiymenc@nd| £inal- pehyAREYiMGY, ohSHYERE ave a

gl ycol, téan{mhbvimp%@tﬁﬂﬁcd&gperm% $rdips tsich a8Nthokedafatakobe a2B0s) @hd
and the correspondi ng cycl ohexane di et hanol s dégé%%lene g
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ydroxyl conponent "enployed i'n the polyester” polyol synthesis, and of

course jfmilliequivalents (more preferably 18 to 65 milliequivalents) of pendant
ionic dispersing groups (particﬁlarly carboxylate groups) per 100 g
polyurethane polymer and/or 0.5 to 25g of pendent (lateral or terminal)
nonionic dispersing groups (particularly polyethylene oxide groups) per 100
g polyurethane polymer.

In terms of weight Z of £he polyurethane prepolymer the level of
reactant(s) units providing nonionic and/or ionic dispersing group(s) is
usually within the range of from 2 to 10 weight Z.

The isocyanate-terminated polyurethane prepolymer may be prepared in
conventional manner by reacting a stoichiometric excess of the organic
polyisocyanate(s) with the reactant(s) having a plurality of
isocyanate-reactive groups (usually all hydroxy) and any other reactants
under substantially anhydrous conditions at a temperature between about
30°C and about 130°C until reaction between the isocyanate groups and
the isocyanate-reactive (usually all hydroxyl) groups is substantially
complete. During the production of the isocyanate-terminated prepolymer
the reactants are generally used in proportions corresponding to a ratio
of isocfanate groups to isocyanate-reactive (usually all hydroxyl)
groups from about 1.1:1 to about 6:1, preferably from about 1.5:1 to 3:1
(particulariy 1.5:1 to 2:1).

If desired, catalysts such as dibutylin dilaurate and stannous
octoate may be used to assist prepolymer formation. An organic solvent may
optionaliy be added before, during or after prepolymer formation to control
the viscosity. Suitable solvents which may be used include acetone,

methylethylketone, dimethylformamide, ethylene carbonate, propylene
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| ow nol ecul ar wei ght cycl oal i phatic and/or aromatic polyols are in fact

I ncorporated into the pol yurethane structure, they can (as defined) be

8 i‘ncorporated in this way (i.e. by being used-as a reactant in the
syn{ hesi ssMg. 36889 pol yest er pol yol) and/ oniéby being used as such (i.e. as a
. separate conponent) in the pol yurethane prepol yner synthesis. Qher polyols
whi ch may be used in the synthesis of the polyester polyol particularly

i nckude neopentyl glycol and trinethyl pentane diol. The rel ative

| evel s of the acid-conponent reactants and hydroxyl -
carbonate, diglyme, N-methylpyrrolidone, ethyl acetate, ethylene and

propylene glycol diacetates, alkyl ethers of ethylene and propylene glycol
diacetates, alkyl ethers of ethylene and propylene glycol monoacetates,
toluene, xylene and stefically hindered alcohols such as t-butanol and
diacetone alcohol. The preferred solvents are water-miscible solvents such
as N-methylpyrrolidone, dimethyl sulphoxide and dialkyl ethers of glycol
acetates or mixtures of N-methylpyrrolidone and methyl ethyl ketone.

The aqueous polyurethane dispersion is preferably prepared by
dispersing the isocyanate-terminated polyurethane prepolymer (optionally
carried in an organic solvent medium) in an aqueous medium by utilising
the self-dispersibility of the prepolymer although free surfactant(s)
may additionally be employed if desired, and chain extending the
prepolymer with active hydrogen-containing chain extender in the aqueous
phase. ' _

The prepolymer may be diépersed in water using techniques well known
in the art. Preferably, the prepolymer is added to the water with agitation
or, alternatively, water may be stirred into the prepolymer.

The prepolymer may also in principle be chain extended to form the
polyurethane polymer while dissolved in organic solvent (usually acetone)
followed by the addition of water to the polymer solution until water
becomes the continuous phase and the subsequent removal of the solvent by
distillation to form a purely aqueous dispersion (the well-known "acetone
process".). However such a technique is much less preferred.

The active hydrogen-containing chain extender compound(s) which
may be reacted with the prepolymer is suitably a polyol, an amino-alcohol, a
primary or secondary aliphatic, alicyclic, aromatic, araliphatic or
heterocyclic diamine or polyamine, or hydrazine or a substituted hydrazine.
Water-soluble chain extenders are preferred.

Water itself may be used as an indirect chain-extender because it
will slowly convert some of the terminal isocyanate groups of the prepolymer
to amino groups and the modified prepolymer molecules will then act as a
chain-extender for the unreacted isocyanate-terminated prepolymer molecules.
However this is very slow compared to chain-extension using the above
mentioned active hydrogen chain extenders which will provide the predominant

chain-extension reaction if used.
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conponent reactants should be such, as nentioned supra. that the resulting
pol yester polyol is hydroxyl-term nated. Therefore a suitable

stoi chi"onetri c excess of hydroxyl - conponents will be enployed. Cenerally
speaki ng MGe3¢¥Wact ants are usually used th proportions such that the ratio
of hydroxyl - conponent hydroxyl groups to acid-conponent carboxyl groups is
fromabout 1.05:1 to about 1.5:1 (nore usually 1.3 : 1to 1.1:1) .

Usual | y, the hydroxyl number of the polyester ponoI mﬁll be within the
range of from30 to 210 énnre usual Iy 40 to 150) OH g, and its acid
val ue will usualB§mplesnpt Husht wmawgfeenéﬁr% “tst‘ZJO h@ﬁﬁ#é igsludy gthyisser o 2)

ng KOH g.qikRend\UdDefhya¥RE AGQ aiDAE,C Uk Bt hpRekH ite O antifte, Pope ety dpshivel, Wil |
of ten be V\ntEnn t he range of E@(F)m 50(8"[0 5000, r%ﬁ sugillﬁ from700 to
3000. e“Fh@‘?%%ﬂ?P Ryxageriylene; flamipey i YEHORFITLERS FiEHERSy0 vest er
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1,6-hexamethylene-bis-hydrazine, carbodihydrazine, hydrazides or
dicarboxylic acids and sulfonic acids such as adipic acid dihydrazide,
oxalic acid dihydrazide, isophthalic acid dihydrazide, hydrazides made by
reacting lactones with hydrazine such as gamma-hydroxylbutyric hydrazide,
bis-semi-carbazide, and bis-hydrazide carbonic esters of glycols.

Where the chain extender.is other than the modified prepolymer
molecules fprmed by reaction with water, for example a polyol, polyamine or
hydrazine,'it may be added to the aqueous dispersion of prepolymer or,
alternatively, it may already be present in the aqueous medium when the
prepolymer is dispersed therein. .

The chain extension can be conducted at elevated, reduced or ambient
temperatures. Convenient temperatures are from about 5°C to 95°C.

The total amount of chain extender material(s) employed (other than
water) should be approximately equivalent.to the free-NCO groups in the
prepolymer, the ratio of active hydrogens in the chain extender(s) to NCO
groups in the prepolymer preferably being in the range from 0.7:1 to 2.0:1
more preferably 0.8:1 to 1.7:1. Of course, when water is employed as an
indirect chain extender, these ratiocs will not be applicable since the
water, functioning both as an indirect chain extender and a dispersing
medium, will be present in a gross excess relative to the free-NCO groups.

[It is evident from the foregoing that the term "polyurethane" as
used in this specification is intended to apply not only to polymers (or
prepolymers) made by reacting only polyisocyanates and polyols to give
urethane linkages, but also to polymers (or prepolymers) made by reacting

polyisocyanates with other types of compound, in conjunction with polyols,
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Z, and usually within the range of 25 to 75 weight Z (nore usually 30 to 65
wei ght 2Z). It will be perceived that in the present invention one
coul d have ‘the followi ng enbodi nents concerning the interrel ati onshi ps of
t he.di merSMCa@®P%ased pol yester polyol arB the | ow nol ecul ar wei ght

pol yol / pol yacid conponents.

9 In the nost preferred of these enbodi nents the pol yester

pol yol

having other types of isocyanate-reactive-groups, thereby to give polymers,
prepolymers or polymer segments comprising other types of linkages, for
example urea or amide linkages].

In a further useful embodiment of the invention the aqueous
polyurethane dispersion of the invention additionally includes at least one
other polymer which is not a polyurethane polymer as defined above. This
other polymer(s) is preferably also in the form of colloidally dispersed
particles in the dispersion, i.e. in the form of an aqueous latex.
Preferably this other polymer(s) is or includes an addition homo-or
copolymer derived from the addition polymerisation (usually by a
free-radical-initiated polymerisation process) of one or more
olefinically unsaturated monomers; such a polymer is herein called an
"olefinic polymer" for convenience. Particularly preferred olefinic
polymers are acrylic polymers (i.e. based predominantly on at least one
ester of acrylic or methacrylic écid).

The use of other polymers in the dispersion may allow the
performance thereof to be upgraded further if required, depending on the
particular polyurethane and other polymer(s). For example,
appropriately selected acrylic polymers may allow harder coatings to be
made.

The polyuréthane polymer(s) and olefinic polymer(s) may be
brought together by any suitable technique.

For example, an aqueous dispersion of the polyurethane and an
aqueous solution or dispersion of the olefinic polymer (or an
organic-solvent solution in a water-miscible solvent), separately
prepared, may merely be brought together with agitation.

Another possibility is to perform the preparation of the
olefinic polymer in-situ in the presence of a preformed polyurethane
aqueous dispersion. In such an embodiment various options are possible.
For example, all the olefinically unsaturated monomer(s) for
polymerisation may be added to the final, chain-extended polyurethane
dispersion and polymerised to make the olefinic polymer (all at once or
by feeding at least some of the olefinic monomer(s) to the dispersion

during the polymerisation). 1In an other method, at least some of the
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I ncorporates both diner acid and cycl oaliphatic and/or aromatic | ow

nol ecul ar wei ght pol yol and/or polyacid, and there is no | ow nol ecul ar

wei ght “cycl dal i phatic and/ or aromatic polLyol used as such in the prepol yner
syn{ hesi $SMCTR899%vel of dinmer acid in th&%pol yester polyol is usually
within the range of from25 to 75 weight Z and the | evel of |ow nolecul ar
wei ght cycl oaliphatic and/or aromatic polyol and/or polyacid is usually in
thesrange of from 15 to 65 weight % and the |evel of other polyacid and/or
pol yol conponents will usually be within the range of 0 to 55 weiglit % The
pol yest er°i§§AYHf meuomer{Ry| i |1§C1Jgd|§&| i tlhﬁc’t'ﬁﬁfél"&‘f‘ gL FornEomHagotfrer a

a Level ofol3bréthaRd Imspgb}mez 1n which dal%eaﬂ@tnﬁ9l’ peyERBLY PRBlvidd ae pedstest er
pol yol i ncorpoEat es, di ner but _.no | ow, nol ecul ar

be t E Pe e % ex; c wﬁéﬁ$tt(<4oo%s

cyci oal i At &F dhdPofen oWsrﬁ?'f“e W &P RAFRETEES 583 HPB & RSP Shd/ or
pol yaci d, swindbke [solwen enaﬂaa:ltemqhk) cyalfeat mhhatha:.naewiiemsiam anebi ctt;eol yol
conponent ;i s ;Used a as .2, seRakate onent e

synt hesi s F‘%ﬁm‘f \ver™ rfli g P°]a%me 1F6 ﬁhe%pmf fglg{%r rElusuu ua HR& a?ﬁfeasgf&gS
wei ght  Z, (bgr Esuddab | dn r:mjdmetuangetbfftﬁshelo gefiwicgmondherp ) H:'qrhe | evel of

th / t
oLher, (ot nﬁt:?t'ﬁgg’?é‘tg eronPLr B TR e S e e ARE bR SRR el

of pol yeshadngpfded aklks a5 oRfe &0 thet ﬁ’éalﬁkeis‘é?_%ﬁ?ér P‘P@“ﬁ%ﬂ&lnleyd%\ﬁlteﬁish‘“t thefore

range of $uz@usY J10£fiB\BbGMerfsatibf, |Vabi ahOVEdDUeLiHlgAtnd idiRbe of the
cycl oal i phati c,and/ or aronatic onof | ncorporated as_ such (i.e. as a

separat e @&%Eﬁ%ﬁ)‘ﬂ%*ﬁﬁ?%e%lmrﬁ é:he urther olefinic monomer(s) being

added prior to the start of olefinic polymerisation and some being fed
during the course of the polymerisatioh.

The preferred variant of this last-mentioned embodiment for
incorporating olefinic polymer into the polyurethane dispersion may in
particular be described in terms.of employing the following steps:

- forming a solution of an isocyanate-terminated prepolymer in at
least one olefinically unsaturated monomer,

- dispersing the solution in an aqueous medium,

- chain extending the polyurethane, and either

a) adding further olefinically unsaturated monomer, and

initiating olefinic polymerisation, or

b) initiating olefinic polymerisation and adding olefinically

unsaturated further monomer during the olefinic
polymerisation.

The polymerisation of the at least one olefinically unsaturated
monomer to form the olefinic polymer will normally require the use of an
appropriﬁte initiator, and in particular free-radical-yielding initiators
are used for this purpose to initiate the olefinic polymerisation. Suitable
free-radical-yielding initiators include inorganic peroxides such as K, Na
or ammonium persulphate, hydrogen peroxide, or percarbonates; organic
peroxides, such as acyl peroxides including e.g. benzoyl peroxide, alkyl
hydroperoxides such as t-butyl hydroperoxide and cumene hydroperoxide;
dialkyl peroxides such as di-t-butyl peroxide; peroxy esters such as

t-butyl perbenzoate and the like; mixtures may also be used. The peroxy
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usually wthin the range of 2 to 12 Z by wei ght. In a further
enbodi nent a conbi nati on of the above two enbodinents is used, i.e. the
pol yester podlyol incorporates |ow nolecular weight (<400) cycloaliphatic
and/or | oucrmdgdeul ar wei ght (<500) aromaggc pol yol and/or polyacid as well
as dinmer acid and a separate | ow nol ecul ar cycloaliphatic and/or aromatic
~pol yol conponent is also incorporated into the pol yurethane prepolyner.
Overall, the level of dimer acid in the pol yurethane prepolyner wll
usually be in the range of 10 to 50 wei ght Z. Al so overal |, the

| evel of compoursiseard dn vemeghbsds<4003ntagyol«iyl updhtincceuidhatridnowi riplsedtd e

wei ght (‘%@9921&?’QEE§JSC(Eéﬁd&°£§59em§9déé%5 as Na or K pyrosulphite or bisulphite,
and i-ascorbic acid. Azo compounds such as azoisobutyronitrile may also be
used. Metal compounds such Fe.EDTA (EDTA is ethylene diamine tetracetic
acid) may also be usefully employed as part of the redox initiator system.
We particularly prefer, especially when forming the olefinic polymer
in-situ, to use an initiator system partitioning between the aqueous and
organic phases, e.g. a combination of t-butyl hydroperoxide, i-ascorbic acid
and Fe.EDTA. The amount of initiator or initiator system to use is
conventional, e.g. within the range 0.05 to 5 wt I based on the total
olefinic monomer(s) used.

The olefinic polymerisation will also normally need to be performed
in the presence of a stabilising and/or dispersing material. Where an
aqueous latex of the olefinic polymer is being formed, a conventional
emulsifying agent may be employe& (e.g. anionic and/or non-ionic emulsifiers
such as Na salts of dialkylsulphosuccinates, Na salts of sulphated oils, Na
salts of alkyl sulphonic acids, Na, K and ammonium alkyl sulphates, Ca_24
fatty alcohols, ethyoxylated fatty acids and/or fatty amides, and Na salts
of fatty acids such as Na stearate and Na oleate; the amount used is
usually 0.1 to 5% by weight on the weight based on the total olefinically
unsaturated_monomer(s) used). It may be mentioned, however, that in the
case of forming the olefinic polymer latex in-situ, the presence of the
polyurethane polymer containing anionic and/or nonionic dispersing groups
may sometimes remove the requirement for the use of a separately added
conventional emulsifying agent since the polyurethane may itself act as an
effective dispersant for the olefinic polymerisation, although a
conventional emulsifier may be still employed if desired.

Examples of olefinically unsaturated monomers which'may be used to
form the olefinic polymer include 1,3-butadiene, isoprene, styrene, divinyl
benzene, acrylonitrile, methacrylonitrile, vinyl halides such as vinyl
chloride, vinyl esters such as vinyl acetate, vinyl propionate, vinyl
laurate, and vinyl esters of versatic acid such as VeoVa 9 and VeoVa 10
(VeoVa is a trademark of Shell), heretocyclic vinyl compounds, alkyl esters

of mono-olefinically unsaturated dicarboxylic acids (such as di-n-butyl
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pol yacid(s) units in the prepolynmer will usually be wthin the range of 2
to 35 weight Z (i.e. whether incorporated as part of the polyester polyol
and/or; in the case of | ow nolecul ar weight cycloaliphatic and/or aronmatic
pol yol ssmeisswdoas such in the prepol ynerzisynt hesis). Any cycl oal i phatic
and/ or aromatic polyol (s) used as such (i.e. as a separate conponent) wll
usually be within the range of fromO to 12 weight Z of the prepol yner.
The: | ow nol ecul ar wei ght cycl oal i phatic polyol (if used) is in particular
1, 4- cycl ohexane di net hanol, and the | ow nol ecul ar wei ght cycloaliphatic
pol yaci daledteusmiidii-s-butypafumacatear add 4-iny photiexdamw, dstersHofyssaylaciatid

Opti onal,ly; me‘*@ ‘%%ﬁg %%legg% %tr&%ae 0O to 40 weight Z), nore preferably up

to 30 wel ght based on the weight of the polyurethane
prepolyner reactants, of another type of polyol typically used in

pol yur et hane prepolyner synthe5|an(Lcﬁgcdykber than a dinmer-acid containing
pol yester polyol as defined above) can be used. Exanpl es include pol yether
pol yol s, other types of polyester polyols, polycarbonate polyols,

pol ycapkfbiginarne ﬁohy&# medh¢l tahe rta' k€. optionally 5iPstdrgaéd G1RPL Ydrsocyanat e

qsed | ncgg%gglgyi Rregug ycarbon Xfoms ?more preferably 1 to 8 carbon atoms)
examples of which are methyl acrylate, methyl methacrylate, ethyl
acrylate, ethyl methacrylate, n-butyl acrylate, n-butyl methacrylate,
2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, isopropyl acrylate,
isopropyl methacrylate, n-propyl acrylate, n-propyl methacrylate, and
hydroxylalkyl (meth)acrylates such as hydroxyethyl acrylate,
hydroxyethylmethacrylate 2-hydroxylpropyl methacrylate, 2-hydroxypropyl
acrylate, and their modified analogues like Tone M-100 (Tone is a trademark
of Union Carbide Corporatiom). Oléfinically unsaturated monocarboxylic
and/or dicarboxylic acids, such as acrylic acid, methacrylic acid, fumaric
acid, and itaconic acid, are other examples which can be mentioned, usually
being employed to provide only a small level of copolymerised units in the
polymer, and preferably not employed at all unless the stabilisation in the
system is wholly nonionic.

The weight ratio of polyurethane pdlymer(s) to olefinic polymer(s)
is suitably in the range of from 99:1 to 20:80, and more preferably 95:5 to
30:70.

It may further be mentioned that the above-described techniques for
incorporating olefinic polymers into aqueous polyurethane dispersions are
not in themselves new and have e.g. been described in disclosures such as US
3684759, Us 3705164, EP 030911 and EP 03b8115, reference to which is
incorporated herein.

The aqueous dispersions of the invention typically have a solids
content of from about 20 to 60% by weight, more ﬁsually from 25 to 50% by
weight.

The aqueous dispersions of the invention are particularly useful as
or for providing the principle component of coating compositions (e.g.

protective, decorative or adhesive coating compositions) for which purpose

-
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al i phatic, cycloaliphatic, araliphatic or aromatic polyi socyanate. Exanples
of suitabl e polyisocyanates include ethylene diisocyanate,

1, 6- hekamet hyl ene dii socyanate, isophorone diisocyanate, tetranethylxylene
di i socyanaleegg 1, 4- phenyl ene dii socyanagize, 2, 4-tol uene diisocyanate,

2, 6-tol uene diisocyanate, 4,4'-diphenyl-nmethane diisocyanate and its

hydr ogenat ed derivative, 2,4'-diphenyl nethane diisocyanate and its

hydr ogenat ed derivative, polynethyl ene pol yphenyl polyisocyanates and

1, 5- napht hyl ene diisocyanate. M xtures of polyi socyanates can be used,

parti cuhey mpyi soferthemiiiutedswith triheert ehdfoe odgamsioc yalwengs , (9r theyrryc

m xt ur L.p. I i n [ d a .
Gor i vabs Alnpl 06 QhPIGD LORIR0E.I kBAPKS B febblon U9 Ya L LU AtnLC
i nt r odeompapents _Q£r ehméiqpichlmeéypanaae,cqamé@g wmnqa%itt,ipew by i »ayd be

ur et onL gL q0ko 15 QEY Y 8F S ubEELAUS inﬁixﬁ%ﬁé_ gz?:gdp%e)éhﬂ)cﬁgﬁé E2ofiéfete,

S
cycloalTphatic polyisoCyanates such as 4, yclohexy1nethane
di i soc§bdrecloth, leathpge RARSEPlastéc fopmiandcihmddbeddyi #8Y units in the

prepol ¥emFendibhalusbehddy iR€LUdIng NBusRNKE Qlppimd) 26 ofinge! Staying, and
the like. The aqueous carrier medium is removed by natural or accelerated
(by heat) drying to form a coating. The compositions may contain other |
conventional ingredients including organic solvents, pigments, dyes,
emulsifiers, surfactants, thickeners, heat stabilisers, levelling agents,
anti-cratering agents, fillers, sedimentation inhibitors, UV absorbers,
antioxidants and the like introduced at any stage of the production process
or subsequently. It is possible to include an amount of antimony oxide in
the dispersions to enhance the fire retardant properties.

_ If desired the aqueous dispérsion of the invention can be used in
combination with other polymer dispersions or solutions which are not
according to the invention.

The present invention is now illustrated by reference to the
following examples. Unless otherwise specified, all parts, percentages and

ratios are on a weight basis.

Example 1

An aqueous polyurethane polymer dispersion according to the
invention was prepared as follows.
A polyurethane prepolymer was first prepared using the following

recipe:
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In the present invention, nononers providing nonionic and/or ionic

di spersing groups, or groups which are converted to such dispersing groups,
are inéluded as reactants in the reaction to formthe prepolyner so as to
proyi de téve.geed ity of self-dispersibiliggy in water of the prepol ynmer and

the final chain-extended pol yner. The ionic dispersing group nmay be
cationic, for exanple [err] or, nore preferably,
anionic, for exanple -SJderr]-. -CSO[err]-, -PJerr]-, and in

Z of Prepolymer

rams reactants
DESMODUR W#* | 414.00 46.00
2,2-dimethylol propionic acid 50.40 , 5.60
PRIPLAST 3192%% 397.74 44.19
1,4~cyclohexane dimethanol 37.86 4,21
N-methyl pyrollidone 300.00
stannous octoate (catalyst) 0.36

* 4,4°-dicyclohexylmethane diisocyanate (commercially
available).

** a commercially available polyester polyol from Unichema based

on a C-36 dimer acid and 1,6-hexanediol.

The above-mentioned ingredients (apart from the stannous octoate)
were charged to a reactor and heated, under dry nitrogen, to 50°C. Half of
the stannous octoate was added. The reaction mixture was heated to 80-85°C
and kept at this temperature for 30 minutes. The remaining half of the
stannous octoate was added to the reactor and the reaction mixture was held
at 80-85°C for a further 60 minutes. The residual NCO group content was
found to be 4.69Z (theoretical 5.24%; NCO/OH ratio 1.9).

The reaction mixture was cooled down to 65°C and 32.58 g
triethylamine (TEA) was added to neutralise the carboxyl groups.

The resulting prepolymer was dispersed into 999.70 g demineralised
water (ét 28°C) containing 25.72 g of AKYPOROX OP-250-V nonionic surfactant
and 6.17 g of NEOCRYL AP-2860 antifoam. (AKYPOROX and NEOCRYL are
registered trade marks). The time to disperse the polymer was 60 to 70
minutes, with the water temperature being kept at 28-32°C.

After having dispersed the prepolymer into the water, a solution
containing 33.76 g of 64 hydrazine solution and 40.0l1g of demineralised

water was added to effect chain-extension in the aqueous phase.
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particular a carboxylate salt group -CO[err]-. G oups which are
subsequently converted to di spersing groups are particularly unionised (or
substantial l'y unioni sed) acid or basic groups which can be converted to

cor L esponglichge&dy oni c or cationic groupszhy neutralisation or quaternation.
For exanple free (unionised) carboxylic acid groups can be neutralised to
carboxyl ate anionic groups while tertiary am ne groups can be quaternised

t o gquat ernary anmoni um groups. I n general . anionic groups are
preferably incorporated in the prepolynmer in the formof a | ow nol ecul ar
wei ght pol yol orTheokyailiting Rafarerhbhe palpheD diaper sgbn ss pooitdd 86 30RCL ONi C
gr oups be_conveniently incorporated by neans of either pol '

Dol yol or o5 B, FHSERTT ISSPUR Rt aR A0 & SRR ST TR ThRn AZnED gt SORFYNOL
appropri at®&EgLduUp(’s P, -tetramethyldedys (Bst7 pieier B2P3t bavf IAFROSOIOFHPS (Hre

| noor nor A& b 1A oh0, U RALY TELL L GRARIXNC 81 do0ipyps whi ch ar e

subsequent eut | sed to carboxylate T on groups using-agents such as a
tertiary Ynfiesbylryxranplidege ofdderi everi A2t ifdainyyest hy( ARFIEOL anil ABRQAGL &¥ene or

N- et hy| nBggnRel e crden Prd Kaki e ghyAndste, A8CHeasS wkr Oraaliea hidhomide or a
quaternarat%/jT anmoni um gc}/drom de. Exanples of reactants for effecting such
i ncor por FEHTE iEigaed EoF bHX PABFRSp- cont aining diols and triols, and in

parti cul agxathpbydr oxy al kanoic acids of the fornula.
An aqueous polyurethane polymer dispersion according to the
invention was prepared as follows.

A polyurethane prepolymer was first prepared using the following

recipe:
Z of Prepolymer
rams reactants

DESMODUR W ] 314.94 49.21
2,2-dimethylol propionic acid 22.40 3.50
PRIPLAST 3192 241.76 37.78
1,4-cyclohexane dimethanol 60.89 9.52
N-methyl pyrollidone (NMP) 160.00 |

stannous octoate (catalyst) 0.40

The above-mentioned ingredients (apart from the stannous octoate)
were charged to a reactor and heated, under dry nitrogen, to 60°C., Half the
amount of stannous octoate was added. The reaction mixture was heated to
90-92°C and kept at this temperature for 60 minutes. The remaining half of
the stannous octoate was added to the reactor, and the reaction mixture was
held at 90-92°C for another 60 minutes. The residual NCO group content was
found to be 4.96% (theoretical 5.20Z; NCO/OH ratio 1.70).

The reaction mixture was cooled down to 65°C and 16.90 g
triethylamine was added to neutralise the carboxyl groups.

500 g of the neutralised, NMP - containing prepolymer were dispersed
into 673.37 g of demineralised water containing 11.75 g ANTAROX C0-630 (a

—_—
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12 [err] wherein R err] is hydrogen

or alkyl. The preferred carboxy containing diol is 2,2-dinethylol
proplonlc aci d. '
- SMC. 36999 25

nonionic emulsifier; ANTAROX is a registered trade mark of Rhone Poulenc).
The water temperﬁture was kept below 37°C; the dispersing time was 70
minutes.

A mixture cbntaining 13.50 g of 63.05% hydrazine solution and 10 g
water was added to effect chain-extension. The temperature increased
spontaneously and the peak temperature was maintained for 10 minutes before
cooling. Finally, 11.75 g of NEOCRYL AP-3014 were added to the resulting
polyurethane polymer dispersion.

Example 3

An aqueous polyurethane polymer dispersion according to the

invention was prepared as follows.

A polyester polyol was synthesised from the following

components:
Z by weight
PRIPOL 1009 * 27
adipic acid 27
1,4-cyclohexane dimethanol 47

* a C-36 dimer acid (commercially available frém Unichema).

The polyester polyol had a hydroxyl value of 113 mg KOH/g
(theoretical 120) and an acid value of 0.34 mg KOH/g.

A polyurethane prepolymer was prepared using the following

recipe:
Z of Prepolymer
grams reactants
DESMODUR W 242.65 37.91
2,2-dimethylol propionic acid 22.40 3.50
Polyesterpolyol (as above) . 374.95 58.59
N-methyl pyrollidone 160.00
stannous octoate (catalyst) 0.40
This Sheet Has Been R
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The conversion of any acid groups present in the prepolymer to anionic salt
groups.,.may he effected by neutralising the said acidic groups before, after
(if in conmbination with nonionic stabilisation) or sinultaneously with
forrat i osmOfse@d@oaqueous di spersi on of thg prepol ynmer. Noni oni ¢

di spersing groups are typically pendant pol yoxyal kyl ene groups,

particul arly pol yoxyet hyl ene groups. Such groups nay e.g. be provided by
enpd oying as a reactant in the prepolyner formation dials having pendant
pol yoxyet hyl ene chai ns such as those described in the prior art, for

exanpl e US 3905926 abdhesendiodesi immedientof(apiei frémttei stannoay dctoate)

conven e;&}‘égée nggf% 'e{‘éd%%%% 'aﬂ@ ks Jo %r%'&z# ﬁﬂé’o I%H' dﬁ:b'sﬁ%" SRel P 'ogd

diols m reac one nbl socyana e in
whi ch t hahe v?@\ousbcqfaﬁa%@ogxsomahamsdaﬁe@r enthe eraemmt nixfugetwas heated

appr oxi mghedo.o9Re JHAl feftf aROLHIG! byﬁp%qstwy%k wmn@éé;er ﬁ@:&%&ﬁ&%&&ng

t he adduct so obtained wth approxinately one nole of a dial kanol ant ne,
exanpl e @fetifafbrapAugeoctoate was agdRdofKP cthe SPRILSITnEnd) tha pEeaRhyom MmiBt ure

provi ded hbyd &tPbeydNg 8- Anbeakt aﬁltmhﬂtéshe RhERQYER{1 NOO FnkOit was found
dllsocyanates haV|(g Eendant pol %§thé%ene chai_ns such as those descri bed
in the prPoP® 8rPL% f(Shepsetispl 4-00us MS84P Fatiqned ) di i socyanat es, because

of their functi ohe mythﬁ; negairdesh AtodiePabsesry dhd ABCYannitesethylamine
Partlculaah dswtable di spersing diisocyanates nmay be obtained by reacting
two ol e§°6T an organi c diisocyanate in which the two isocyanate groups
have di fferent fetq pfitheegesulting neutralised prepolymer were dispersed into

670.87 g of demineralised water containing 12.14 g ANTAROX C0-630. The
water temperature was kept below 37°C; the dispersing time was 105 minutes.
A mixture containing 9.83 g of 63.05Z hydrazine solution and 10 g
-water were added to effect cha1n-extens1on fhe temperature increased
spontaneously and the peak temperature maintained for 30 minutes before
cooling. Finally, 12.43 g of NEOCRYL AP-3014 were added to the resulting
polyurethane polymer dispersion.

Example 4

An aqueous polyurethane polymer dispersion according to the
invention was prepared as follows.

A polyester polyol was synthesised from the following

components:
Z by weight
PRIPOL 1009 68
1,4-cyclohexane dimethanol 32

The polyester polyol had an hydroxyl value of 116 mg KOH/g
(theoretical 120) and an acid value of 0.45 mg KOH/g.

A polyurethane prepolymer was prepared using the following recipe:

_
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wi th approxi mately one nol e of polyethyl ene glycol nono-ether, the
|n|t|aIIy formed urethane nonoi socyanate then reacting at a hlgher
tenperature”with the excess diisocyanate to forman allophanate

di i socyarsdcesbgaa ng a pendent pol yoxyet hgyene chai n.

13 The pol yur et hane prepolyner (and final polyner) may of course
have a conbi nation of ionic dispersing groups (such as those discussed
abqve) and nonionic di spersing groups (such as those di scussed above) which
may be introduced into the pol yurethane by conbining the expedients as

exenplified 2 of Prepolymer
rams | reactants
DESMODUR W 253.30 39.36
2,2-dimethylol propionic acid 25.60 4.00
Polyesterpolyol (as above) 363.66 56.67
N-methyl pyrollidone 160.00
stannous octoate (catalyst) 0.40

The above-mentioned ingredients (apart-from the stannous octoate)
were charged ﬁo a reactor and heated, under dry nitrogen, to 60°C. Half of
the amount of stannous octoate was added. The reaction mixture was heated
to 90-92°C and kept at this temperature for 60 minutes. The remaining half
of the stannous octoate was added to the reactor and the reaction mixture
held at 9Q-92°C for another 60 minutes. The residual NCO content was found
to be 3.90% (theoretical 4.21; NCO/OH ratio 1.70).

The reaction mixture was cooled to 65°C and 19.31 g triethylamine
added. 550 g of the resulting neutraiised prepolymer were dispersed into
735.14 g of demineralised water containing 12.93 g ANTAROX CO-630 and 13.32
g of the NEOCRYL AP-3014. The water temperature was kept below 37°C; the
dispersing time was 120 minutes.

A mixture containing 11.64 g of 63.05% hydrazine solution and 10 g
water were added to effect chain-extension. The temperature increased
spontaneously and the peak temperature maintained for 30 minutes before

cooling.

Example 5

An aqueous dispersion according to the invention incorporating a
polyurethane polymer and an in-situ formed olefinic polymer was prepared as

follows.
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above for the incorporation of such groups. The pendent di spersing
group content of the final polyurethane nmay vary within wide limts but
shoul d be sufficient to provide the pol yurethane polynmer with the required
degr ee ofsMeedemoodi spersibility. Typicallgsthe pendant dispersing group
content will vary in the range 10 to 90 mlliequivalents (nore preferably
18 to 65 mlliequival ents) of pendant ionic dispersing groups (particularly
carboxyl ate groups) per 100 g pol yuret hane pol yner and/or 0.5 to 25g of
pendent (lateral or termnal ) nonionic dispersing groups (particularly
pol yet hyl ene oxiAdeokyestes ) poprel 186 gynsbeyisedt firawe the| faddewing componephsy er g
of weight Z of the pol yurethane prepolyner the | evel of reactant(s) units °
provi di ng noni oni c and/or ionic dispersing group(s) is usually within the
range of from2 to 10 wei ght Z The i socyanafn-Beigdat ed
pol yur et hane prepol yner may be prepared in conventional manner by reacting
a stoichionetric_excess of the organic polyisocyanate(s) wth the
react ant (s) havipﬁﬁp%{" ﬁP?ﬁ ality of isocyanate-reactive gr 6ﬂps (usual l'y all
hydroxy) and anwdfpireaci®actants under substantially anhydrous conditions
at a tenperature petween about, 30[err] C and about 130[errlC until reaction
bet ween t he i sogygh Vé@%?’iﬁﬁ‘ﬁsé’é’ﬁgi‘?ﬂ%l i socyanat e-react i vélj( usual Iy all
hydroxyl) groups is substantially conplete. During the production of the
i socyanat e-t er mpyat ( Sy &y, l,a ed, jgn
proportions cor Fggp%%&’%‘gafgxﬁla%‘?% 4 BELAGLS AR BEEYS lnpkdﬁgdaﬂd an

acid value of 0.47 g KOH/g.

A polyurethane prepolymer was prepared according to the following
recipe:

2 of Prepolymer

rams reactants
DESMODUR W 508.45 42.37
2,2-dimethylol propionic acid 42.00 3.50
Polyester polyol (as above) 649.55 . 54.13
N-methyl pyrollidone 300.00
stannous octoate (catalyst) 0.70

The procedure followed to make the prepolymer was substantially as

described in Example 2, except that the above ingredients in the amounts

- specified were employed. The residual NCO group content was found to be
5.01Z (theoretical 5.43; NCO/OH ratio 2.0). The amount of triethylamine
used to neutralise the carboxyl groups was 31.68 g.

600 g of the neutralised prepolymer were dispersed into 811.38 g of
demineralised water, containing 14.67 g ANTAROX C0-630. The water
temperature was kept below 37°C; the dispersing time was 60 minutes.

To this dispersion was added a mixture of 16.11 g of 64.05 2
hydrazine solution and 10 g of water. The temperature increased
spontaneously and the peak temperature was maintained for 10 minutes.
Finally 14.67 g of the antifoam AP-3014 were added to the resulting
polyurethane polymer dispersion.
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of isocyanate groups to isocyanate-reactive (usually all hydroxyl) groups
fromabout 1.1:1 to about 6:1, preferably fromabout 1.5:1 to 3:1
(particularly 1.5:1 to 2:1). | f desired, catalysts such as

di butyl i nMclideaepat e and stannous octoat egray be used to assist prepol ymer
formati on. An organic solvent may optionally be added before, during or
after prepolyner formation to control the viscosity. Suitable solvents
whi.ch may be used include acetone, nethyl ethyl ket one, dinethylfornanide.
et hyl ene carbonate, propylene

14 The incorporation of an in-situ polymerised olefinic polymer (in

fact an acrylic polymer) was effected using the following recipe.

Brams
1. polyurethane dispersion (as above) 355.7
2. water (demineralised) 115.63
3. n-butyl acrylate (BA) - 22.87
4, methyl methacrylate (MMA) 81.62
5. n-butyl methacrylate (BMA) 9.88
6. N,N-dimethylethanolamine (DMEA) 0.11
7. t-butyl hydroperoxide (3.5Z in demin. water) 6.27
8. i-ascorbic acid (1% in demin. water) 7.09
9. Fe EDTA (1% in demin. water) 1.21
10. t-butyl hydroperoxide (3:52 in demin. water) 28.43
11. ;-ascorbic acid (1% in demin. water) 28.60
12. t-butyl hydroperoxide (3.5Z in demin. water) 0.28
13. 1i-ascorbic acid 0.27
14, Fe EDTA (12 in demin. water) ' 0.07

The polyurethane dispersion (1) was diluted with the demineralised
water (2). 20% (w/w) of 3 to 6 were added and the mixture heated to 35°C
and kept at this temperature for 1 hour. 7 was added followed by 8 and 9.
The temperature rose to about 40°C. The peak temperature was maintained for
15 minutes and 10 was added. The batch was then heated to 50°C and a feed
of the remaining 80Z of 3 to 6 begun. A feed of 11 was also begun. The
batch was heated to 65°C (reaction temperature) while feeding. The total
feed time for 3 to 6 was 60 minutes. The feed time for 11 was 70 minutes.
12, 13, and 14 were added. The batch was kept at 65°C for 30 minutes and
then cooled to yield the aqueous polyurethane polymer /[ acrylic polymer
dispersion.

The monomers were added in a ratio of BA/MMA/BMA 20/71.4/8.6 to give
an acrylic polymer glass transition temperature (Tg) of 50°C (as calculated
from the Fox equation). The ratio of polyurethane polymer / acrylic polymer
is 50/50. '
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carbonate, diglyme, N-nethylpyrrolidone, ethyl acetate, ethylene and

propyl ene egcoI di acetates, al kyl ethers of ethylene and propyl ene gl ycol
di acet at es, *al kyl ethers of ethyl ene and propyl ene gl ycol npnoacet at es,

t ol uene, ﬂyieﬂﬂssand sterically hindered abcohols such as t-butanol and

di acet one al cohol. The preferred solvents are water-m sci bl e sol vents such
as N-net hyl pyrrolidone, dinethyl sul phoxide and dial kyl ethers of glycol
acetates or m xtures of N-nethyl pyrrolidone and nethyl ethyl ketone.

The aqueous pol yuret hane di spersion is preferably prepared by dispersing
the isoc rm nat ed pol yurethane prepolyner (optionally carried in an

organi ¢ sol vent Amiedqwazsl alsaiarame@u@omaﬁwa R¥e Uirvieh81di0 ihb6rporating a

sel f-di sper.si bi of, the pr.epo) ree suyfactant
2601 1| onoFY Bt aY| CRHe (A BT agte TarReL e FLtie: BRLRG. Tof Premared as

pr epol ynmefolibirl: acti ve hydrogen contalnlng chai n extender in the aqueous

phase. i spersed in echnlques
wel I known in t-kllili'le E y%ﬁ?éfaélra he'S B ?)J(ﬂny PFE"%%%%&“? dﬁ"ﬁ‘% Wat er
with agitehe épllowingideeipati vel y, vvat er may be st| rred into the prepol yner.
The prepolynmer may also in principle be chain extended tg {ergpet,Bfimer

pol yur et hane pol ynmer while dissolved in organic sol vent %U§UETT?‘§%%Tbne)
followed by the addition of water to the pol y&sgnso| uti onkBaeiantgat er

beconmes the continuous phase and t he subsequent renoval of the solvent by
distillation to forma Burely aqueous dispersggg ;;he mell-gno%P "acet one

DESMODUR .
2,2—dimethylol propionic acid 19.6 3.50
PRIPLAST 3192 191.44 34.19
1,4-cyclohexane dimethanol 48.24 8.61
N-methyl pyrollidone 140.00
stannous octoate (catalyét) 0.30

The procedure followed to make the prepolymer was substantially as
described in Example 2, except that the above ingredients in the amounts
specified were employed. The residual NCO grdup content was found to be
6.68%2 (theoretical 6.89; NCOJ/OH ratio 2.0). The amount of triethylamine
used to neutralise the carboxyl groups was 14.79 g.

600 g of the neutralised prepolymer were dispersed into 815.77 g of
demineralised water, containing 14.57 g ANTAROX CO-630. The water
temperature was kept below 37°C; the dispersing time was 75 minutes.

To this dispersion was added a mixture of 21.67 g of 63.48 2
hydrazine solution and 10 g of water. The temperature increased
spontanéously and the peak temperature was maintained for 10 minutes.
Finally 14.81 g of NEOCRYL AP-3014 were added to the resulting
polyurethane polymer dispersion.

The inéorporation of an in-situ polymerised olefinic polymer (in

fact an acrylic polymer) was effected using the following recipe:

_\
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process".). However such a technique is nuch | ess preferred. The
active hydrogen-containing chain extender conpound(s) which may be reacted
W th the pr%folyner is suitably a polyol. an am no-al cohol, a prinmary or
secondar§ Shatic. alicyclic, aronat?% aral i phatic or heterocyclic

di &mi ne or pol yani ne, or hydrazine or a substituted hydr azi ne.

Wat er - sol ubl e chain extenders are preferred. Water itself may be
usgd as an indirect chain-extender because it wll slowy convert sone of
the term nal isocyanate groups of the prepolyner to am no groups and the
nodi fi ed prepol yner nol ecules will then act as a chain-extender for the
unreacted i socyanate-term nated prepol yner nol ecul es. 2HB% ver this is very
sl ow conpared to chai n-extension using the above nentioned active hydrogen

chain extenders which will provide the predom nant chain-extension
reacti on tf ugedyurethane dispersion (as above) 600.001 5
Exanpl es ¢of sygbefhabmifrhesans useful herein includezetiwd ene

3. n-butyl acrylate (BA) 38.95

4. methyl methacrylate (MMA) 138.98

5. n-butyl methacrylate (BMA) 16.83

6. N,N-dimethylethanola;ine (DMEA) 0.18

7. t-butyl hydroperoxide (3.5% in demin. water) 10.68

8. i-ascorbic acid (12 in demin. water) 12.07

9. Fe EDTA (1Z in demin. water) 2.07

10. t-butyl hydroperoxide (3.5 in demin. water) 48.41

11. i-ascorbic acid (1% in demin. water) 48.69

12. t-butyl hydroperoxide (3.5Z in demin. water) 0.47

13. i-ascorbic acid 0.47

14. Fe EDTA (17 in demin. water) 0.12

The polyurethane dispersion (1) was diluted with the demineralised
water (2). 20Z (w/w) of 3 to 6 were added and the mixture heated to 35°C
and kept at this temperature for 1 hour. 7 was added followed by 8 and 9.
The temperature rose to about 40°C. The peak temperature was maintained for
15 minutes and 10 was added. The batch was then heated to $0°C and a feed
of the remaining 807 of 3 to 6 begun. A feed of 11 was also begun. The
batch was heated to 65°C (reaction temperature) while feeding. The total
feed time for 3 to 6 was 60 minutes. The feed time for 11 was 70 minutes.
12, 13, and 14 were added. The batch was kept at 65°C for 30 minutes and
then cooled to yield the aqueous polyurethane polymer / acrylic polymer
dispersion.

The monomers were added in a ratio of BA/MMA/BMA 20/71.4/8.6 to give
an acrylic polymer glass transition temperature (Tg) of 25°C (as calculated
from the Fox equation). The ratio of polyurethane polymer / ac;ylic polymer
is 50/50.
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di am ne, diethylene triamne, triethylene tetram ne. propylene diam ne,
butyl ene di am ne, hexanet hy| ene di am ne, cycl ohexyl ene di am ne, piperazine,
2-met hyl pi perazi ne, phenyl ene diam ne, tolylene diamne, xylylene diamne,
tris. (2-‘3%-36%9[%y| ) anine, 3, 3-dinitrobéhzidine,

4, 4' -di am nodi phenyl net hane, nent hane di am ne, m xyl ene di am ne. isophorone
di am ne, and adducts of diethylene triamne with acrylate or its hydrolyzed
products. Also materials such as hydrazine, azines such as acetone azine,
substi tutéq §¥Qr7azi nes such as, for exanple, dinethyl hydrazine

1. 6- hexa - bi s- hydrazi ne, carbodi hydrazi ne, hydrazi des or

di carboxyl i ¢ aciddsaquedus d¥spereiarrdeomidon ts theli jnven tixind id¢dnpdratingea
oxal i c acj i i i h i€ i i AN r azd e, by
reacti ngcﬁdaiggf){l%{s%eﬁ&%?ﬂ?{i%gg i %gﬂ sag%@?ggﬁ%m%gﬁ%rc o%’/][’%%tg y?%éc %E;é/p r agi #e)

bi s- sem -%41B¥¥i de, and bi s- hydrazi de carbonic esters of glycols.

Where the chai n sexbapdeEr i po19bD&Fast Bt neb s M B bih &fle PE SNRLYAE colPb RNk €S
fornmed by reaction with water, for exanple a polyol, polyam ne or

hydrazine, it may be added to the aqueous dispersio ymer or,
alternatively, it may al ready be present in the aqueous nedi um when the
prepol yner is di S her ei n. The chai n extensgi pn can be
conduct ed at eléégﬁéﬁﬁgpédhced or anbi ent tenperatures.g%bﬁvenient

t enper at ures ar edfiptmaabdut 5S5[err]C to 95 err]C 11The total anount

of chain extendgr ,n [ (other than water),.shoul d be
TR S eE ek

“approximately equiv CO groups in the

* a C-44 dimer acid (commercially available from Unichema).

The polyester polyol had a hydroxyl value of 110 mg KOH/g and an
acid value of 0.2 mg KOH/g.

A polyurethane prepolymer was prepared according to the following

recipe:
Z_of Prepolymer
rams reactants
DESMODUR W 267.68 41.82
2,2-dimethylol propionic acid 22.40 3.50
Polyester polyol (as above) 349.92 54,13

mixture of BA/MMA/BMA monomers in 160.00
wt. ratio 20.00/37.51/42.49
stannous octoate (catalyst) 0.40

The procedure followed toc make the prepolymer was substantially as
described in Example 2, except that the above ingredients in the amounts
specified were employed. (In particular, it will be noted that an acrylic
monomer mixture BA/MMA/BMA was used in place of N-methylpyrrolidone). The
residual NCO group content was found to be 5.212 (theoretical 5.39; NCO/OH
ratio 2.0). The amount of triethylamine used to neutralise the carboxyl

groups was 16.90 g.

I —
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prepol yner, the ratio of active hydrogens in the chain extender(s) to NCO
groups in the prepolynmer being in the range from0.8:1 to 1.7:1.

O coufse, Wwhen vvater i s enployed as an _indirect chain extender, these
ratjos wi MC-3RR%%be applicable since the 3dater, functioning both as an
indirect chain extender and a dispersing nedium wll be present in a

i gross excess relative to the free-NCO groups [It is evident from
t hes f Or egoi ng that the term "pol yur et hane" used in this specification

IrZalctnit ﬁ8d§ﬂ| ;Op oggglhatnggtrtfﬁdgo ?@%E’ ‘g“??rgvl’vr(reee 4 rsgé)l Ea]g)eéso & Rt
also to m(ehxjmeras.:.éed wartepplcpnexin)ingade S5Byg rad@eR0x §o- @311 Yi Smcyvanat es with
ot her ty&%ﬁpgiat%(%g‘pv%%ngeptj. ’Bef&ﬁ'js“}@& i q_ﬂeV\éJt.Jl:eQerYgokfme was 70 minutes.

To this dispersion was added a mixture of 16.91 g of 63.42 Z
hydrazine solution and 10 g of water. The temperature increased
spontaneously and the peak temperature was maintained for 10 minutes.
Finally 14.67 g of NEOCRYL AP-3014 were added to the resulting
polyurethane polymer dispersion.

The incorporation of an in-situ polymerised olefinic polymer (in

fact an acrylic polymer) was effected using the following recipe:

rams
1. polyurethane dispersion (as above) 700.00
2. water (demineralised) . 320.47
3. n-butyl acrylate (BA) 34.65
4. methyl methacrylate (MMA) ' 123.65
5. n-butyl methacrylate (BMA) 14.97
6. N,N-dimethylethanolamine (DMEA) ' 0.17
7. t-butyl hydroperoxide (3.52 in demin. water) 15.37
8. i-ascorbic acid (1% in demin. water) 17.38
9. Fe EDTA (1Z in demin. water) 2.98
10. t-butyl hydroperoxide (3.5 in demin. water) 57.00
11. 1i-ascorbic acid (1% in demin. water) 57.33
12. t-butyl hydroperoxide (3.5Z in demin. water) 0.56
13. i-ascorbic acid (1% in demin. water) 0.55

14. Fe EDTA (1Z in demin. water) 0.14

The polyurethane dispersion (1) was diluted with the demineralised
water (2). The batch was heated to 35°C. 7 was added followed by 8 and 9.
The temperature rose to about 40°C. The peak temperature was maintained for
15 minutes and 10 was added. The batch was then heated to 50°C and a feed
of 3 to 6 begun. A feed of 11 was also begun. The batch was heated to 65°C

(reaction temperature) while feeding. The total feed time for.3 to 6 was 60

i



1.6 havi ng ot her types of isocyanate-reactive groups, thereby to give

pol yners, prepolyners or polyner segnents conprising other types of

| i nkages, for exanple urea or am de |inkages]. In a further usefu
embodi menfe-3f2%%he i nvention the aqueous 3fol yur et hane di spersion of the

I nvention additionally includes at | east one other polyner which is not a
pol yur et hane pol yner as defined above. This other polynmer(s) is preferably
alse in the formof colloidally dispersed particles in the dispersion. i.e.

in the for f an.aquequs, Latex...Pref blLy this her pol.ywner | r
i ncl udes‘%é{{r?tgadi {}Pgﬂy%e%ngf%er ff:”c")pjf)]] Vﬁ%?oggr”?{l\’/teeé'f r%trh ?}%é aa&d??iv%%z ddaed!
pol yner i Siz# ibehck wesakdpr by & °Cr o BAdnigwites randatiseh goblevetosyieldntlipy ocess)

of one o : Loicatl tur S4s :a polyner is herein
call ed a%q@@éﬁﬁf@%?%k%ﬂ&%gﬁegq;%gf‘ ’égﬁ%@%ﬂﬁ@%@éaﬁﬁﬁ ar 'y preferred i
ol efini c pol ynethe meromgas\ware pédedndn 2 ERLE0 oéa%@ﬂ%/%rﬁoﬁgh{ﬂlﬁ-éﬁ%slve

| east ongy %%Trﬂii&fpoﬁfu[éf! pfady +PR{J1RE5Y |dempdfdtdle (Tg) of 50PBE(dsS@aniuiater
polymers_in the dlsgersLon may_ al | ow t he perforpance there?f t o_be upgraded
furt her fqoq.éﬁﬁnﬁnéd1qqﬁ§ﬁ@%tﬁ néhﬁnfaFﬁ% of polyurethane polymer [/ acrylic polymer

is 50/50.

Performance of Dispersions

The dispersions made as described above were evaluated using a

variety of test procedures.

Double Rub Tests (Solvent Resistance)

The double rub resistances were measured as follows. An 80-100 um
wet film coating is cast on a glass plate and the coating is subsequently
dried for 16-18 hours at 52°C. After cooling to room temperature the
coating is rubbed to and fro (double rubs) with a rag soaked in solvent
(ethanol EtOH or methyl ethyl ketone MEK) until the film fails (i.e. the
substrate is showing through), the result being quoted as the number of
double rubs to effect this. A maximum of 200 double rubs are performed and

if the substrates still not showing though, the result is rated as follows :

200 (0/S): film failed

200 (1/5): : film is severely affected
200 (2/5): film is affected

200 (3/5): film is slightly affected
200 (4/5): film is hardly affected
200 (5/5): film is unaffected
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particul ar pol yuret hane and ot her pol yner(s). For exanple, appropriately
sel ected acrylic polynmers may all ow harder coatings to be nade.

The pol yuret hane pol yner(s) and ol efinic polyner(s) nay be brought

t oget her BMC&@&®P98ui t abl e 't echni que. 35  For exanple, an aqueous

di spersion of the polyurethane and an aqueous solution or dispersion of
the ol efinic polyner (or an organic-solvent solution in a water-m scible
solwent), separately prepared, may nerely be brought together with
agitation, Another p033|b|I|ty IS to --rforn1the prepar ation of
the ol ef 2Ry : : eef QYRS or ned pol yur et hane
aqueous dlsperS|on I n such an enbodlnent vari ous optlons are possi bl e.

For exanple, all_the ol efinical urate noner

pol ymeri sati on iy Be SF8G2TH h%s n’%?l‘i\ WS e hili ey(‘Te"ﬁ((f é Jp"bllﬁu?%‘f]ﬁgd onto a
di sper si obenetd pPpidoimyr tewd chartnyKern [20- aiae'ﬂ.'ahle: fivoh yther Lémdtla Gommmye WHA) by
[oodi 19, 2hnd 383 S 20 nibllCe 1aR! AU HRAUIELLS) e 1S iBRE! 24 YPlactl!'iu9

t he pol ynerisatio her east sone
an oven at 52°C for 64 hours. The test chart is conditioned at room

temperature for 8 hours. The test liquids are placed on the coated test
chart for 16 hours. The spots are removed and the film underneath assessed.
A rating of 0 means that the film is severely damaged by the test liquid; 5
means that the film is not affected at all. The film appearance is assessed
twice: first immediately after the test liquid is removed (b), secondly
after four hours of recovery (a).

The liquids used for testing were water, ethanol (EtOH), coffee,
*"Andy" (a commonly-used liquid detergent in Holland). A "hot pan" spot
test was also used in which demiﬁeralised water is placed on the coating and
immediately afterwards a beaker with hot water (100°C) is placed on the
water spot. The beaker is removed after the water has cooled down to

ambient temperature.

Marking Tests

Coatings are made as for the spot tests. The coated test chart is
marked with a felt pen, a ballpoint pen, shoe polish or lipstick. Removal
of the mark is attempted using a rag soaked in EtOH. A rating of 0 means
that the film is severely damaged or stained (i.e. the mark is not easy to
remove); 5 means that the film is unaffected (i.e. the mark is easy to
remove and causes no staining or damage). As with the spot tests, the film
appearances is assessed immediately after the attempt to remove the mark
(b), and four hours after the attempt to remove the mark (a).

The results are shown in the following tables 1, 2 and 3.

_
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17 olefinic nonomner ( s)
t he pal yur et hane prepol yner.

part of a sol vent systenifor t he prepol yner
sui tabl ‘e M3¢8 characteristics);

ol éfinic nonomner ('s)
(but usually)

inqorporaLLg__;____“TR?TTr%h
[ at _on

S

i ncl uded

in

t he

reaction nmediumfor formng
I n which case it may possibly provide at |east

reaction (if

it possesses
aft &6 the chai n-extension step, the
I's polynerised to formthe ol efinic polyner,

optionally

I n conjunction with further ol efinic nononer(s) for
n_into the ol efinic polyner,

bei ng added al
bef ore stthsmﬂanﬁﬁ&ﬁ

course of t
nononer ( s)
some bei ng

e

i

0 ynerlsatlon

risation,

or

such further ol efinic nonomer(s)

sone of the further

e chai n-ext ended pol yur et hane di spersion
or being all

fed during the

olefinic

or to the start of olefinic polynerisation and
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urethane (commercially available product).

TABLE 2

Lipstick

200

(4/5)
200

(3/5)

200

(415)
200

(3/5)
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~during the course of the polynerisation. The preferred vari ant of
this lLast-nentioned enbodi nent for incorporating olefinic polyner into the
pol yur et hane di spersion may in particular be described in terns of

enpl oyi n§4Q.Re929%l | owi ng st eps: - f3@rm ng a solution of an
i socyanat e-terni nated prepol yner in at | east one olefinically
unsat ur at ed nononer. - di spersing the solution in an aqueous nedi um
- s chain extending the pol yurethane, and either a) addi ng
further ol efinically unsaturated nmononer, and initiating
olefinic p .sa.t_L_:).n._gr_Q_L__= b) initiating olefinic
pol yneri saji on and adfi ng jol ef |y unsaturated further
nmononer du en0l ef4 nifcy, pol ymeri sati on. The
pol ymeri sa -he Gast | efinically unsaturated nononmer to form
the olefin mer Wl [norm uire the use of an appropriate
I nitiator par | icullan f dmcal yielding initiators are used for
this purpo H-t+p-e—~the—o cnpolynerlsatlon Sui t abl e
free-radic dinglinitfiato Igde i norgani ¢ peroxi des such as K. Na
or ammoni u lyphal &y Hyédro r gxi de, or percarbonates; organic
per oxi des, S—acytTpgrox cBudi ng e.g. benzoyl peroxide, alkyl
hydr oper ox ch ap t-RQutyl p&roxi de and cunene hydr oper oxi de;
di al kyl pe suchwas |dp-t Ber oxi de; peroxy esters such as
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t-butyl perbenzoate and the |ike; m xtures may al so be used. The peroxy
conpounds are in sone cases advantageously used in conbination with

sui tabl e reduci ng agents (redox systens) such as Na or K pyrosul phite or
bi sul phi t¥¢-3489i - ascorbi ¢ acid. Azo cordfounds such as azoi sobutyronitrile
may al so be used. Metal conpounds such Fe. EDTA (EDTA is ethyl ene di am ne
tetracetic acid) nay also be usefully enployed as part of the redox

i ni\tiator system

It is seen that the dispersions of the invention are generally

comparable 'in performance to the polycarbonate-based products, and in some

cases have superior performance.
Example 8

An aqueous dispersion according to the invention incorporating a
polyurethane polymer and an in-situ formed olefinic polymer was prepared as
follows.

A polyester polyol was synthesised from the following components.

Z by weight
PRIPOL 1004 52.4%
adipic acid ' 11.1
1,4-cyclohexane dimethanol 36.5

The polyester polyol had a hydroxyl value of 116.16 mg KOH/g and
an acid value of 0.4 mg KOH/g.

A polurethane prepolymer was prepared Qccording to the following

recipe:

grams Z of prepolymer

reactants

Desmodur W 306.43 45.06
2,2-dimethylol propionic acid 30.6 4.50
polyester polyol (as above) 342.97 50.44
mixture 6f BA/MMA/BMA monomers in 170.00
wt, ratio 20/71.4/8.6
stannous octoate (catalyst) 0.40

The procedure followed to make the prepolymer was substantially as
described in Example 2, except that the above ingredients in the amounts

specified were employed. The acrylic monomers were stabilised with 0.1X by

AN
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W particularly prefer, especially when forning the ol efinic polymer
In-sitd, to-use an initiator systempartitioni ng between the aqueous and
organi ¢ phases, e.g. a conbination of t-butyl hydroperoxide, i-ascorbic
acid and ¥e36PAA. The anpunt of initiat®® or initiator systemto use is
conventional. e.g. within the range 0.05 to 5 wt Z based on the total
ol efini c nononer (s) used. The ol efinic polynerization wll also
norvmal |y need to be perforned in the presence of a stabilising and/or
di spersing, material .. Were_an aqueoys | atex of the ol efipic.polynmer j
bei ng fngﬁrﬁc ﬁg JEROE i onFfe éﬁg’r‘g‘i#yﬂf’g BLERN CORESP tH &2 B ANUES et )({’5. %’.;ﬁ
ani oni ¢ atit¥oretihml- 5076826 BOQIOH Eaeios2such Tise Mamosat tof ©fiethylamine used to
di al kyl SHL‘Pthr% lijgeci pat es Sar|°;[1 s %fassig %Qat ed oils, Na salts of alkyl
Sul phoni 8223P45°° KBS RS ARiSHP MR8 kY s8ilphates, CJerr] fatty al cohols,
et hyoxyl at ed f atily gaef dheanelitorlissd prepoloner vemed Nepeasaeds info {978t 96 acplls
such as Si: Na (o b egh igapgU I Z by
wei ght o%@?ﬁltee%%?ste&t asre’dc%{nt%tghgn% étggjflag})e |Ar$|6§a€? éan%?{_l}rbg% %d%ﬁ%%gﬁer(s)
used). |&Pniilépe TRENTI AT HomBRIREVRST was ePti bekove 32 Hse the Ji5PRTTigst Fime was
ol ef i ni cspGhiveEs | atex in-situ, the presence of the pol yurethane pol yner
cont ai ni ng ani oni ¢c_and/or nopioni c di spersin rokjps may sonetijres. renove
the requirenent T3 §Pit HfEspeesian -%{a%é‘ﬁﬁ?‘gtaef"ﬂr"%ﬂ%ea convehtIfofiat 2% RITRA%PE ng
agent si sskutibR @l ysrgHahenet Rayer ! S€hé tatberstuad Pidreated eptnmineosslyt ahdr
tsthﬁ |°' g%ﬁ%fpeegg: empREs e Was AT RSSO N TIAR T S T S S
demineralised water were added to the dispersiom.

The incorporation of an in-situ polymerised olefinic polymer (in

fact an acrylic polymer) was effected using the following recipe:

rams
1. polyurethane dispersion (as above) 500.00
2. water (demineralised) 51.04
3. BA 5.73
4 MMA | ' 20.45
5 BMA 2.48
6. DMEA | 0.07
7 t-butyl hydroperoxide (3.5Z in demin. water) 10.4
8 i-ascorbic acid (1% in demin. water) 11.75
9 Fe EDTA (12 in demin. water) 2.01
10. t-butyl hydroperoxide (3.52 in demin. water) 16.54
i1. i-ascorbic acid (12 in demin. water) 16.64
12. t-butyl hydroperoxide (3.5 in demin. water) 0.16
13, i-ascorbic acid (1% in demin. water) 0.16

14. Fe EDTA (12 in demin. water) 0.04

The polyurethane dispersion (1) was diluted with the demineralised
water (2). The batch was heated to 35°C. 7 was added followed by 8 and 9.
The temperature rose to about 47°C. The peak temperature was maintained for
15 minutes and 10 was added. The batch was then heated to 50°C and a feed
of 3 to 6 begun. A feed of 11 was also begun. The batch was heated to 65°C

\
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Exanpl es of ol efinically unsaturated nonomers which may be used to form
the olefinic polyner include 1, 3-butadi ene, isoprene, styrene. divinyl
benzene, acr lonitrile, nethacrylonitrile, vinyl halides such as vinyl
chlori deC-36R9? esters such as vinyl adBtate, vinyl propionate, vinyl
Iaurate and vinyl esters of versatic acid such as Veova 9 and VeoVa 10
(VeoVa is a trademark of Shell), heretocyclic vinyl conpounds, al kyl esters
of snmono-ol efinically unsaturated dicarboxylic acids (such as di-n-butyl
19- (reaction temperature) while feeding. The total feed time for 3 to 6 was 60
minutes. The feed time for 11 was 70 minutes. 12, 13 and 14 were added.
The batch was kept at 65°C for 30 minutes and then cooled to yield the
aqueous polyurethane polymer/acrylic polymer dispersion.
The monomers were added in a ratio of BA/MMA/BMA 20/71.4/8.6 to give
an acrylic polymer glass transition temperature (Tg) of 50°C {as calculated
from the Fox equation). The ratio of polyurethane polymer/acrylic polymer

is 70/30.

Example 9

An aqueous dispersion according to the invention incorporating a
polyurethane polymer and an in-situ formed olefinic polymer was prepafed as
follows.

The same agueous polyureth;ne dispersion as prepared in Example 8
(i.e. before incorporation of the olefinic polymer) was used in this
example. _

The incorporation of an in-situ polymerised olefinic polymer (in

fact an acrylic polymer) was effected using the.following recipe:

Grams
1. polyurethane dispersion (as above) 500.00
2. water (demineralised) 173.89
3. BA 23.48
4, MMA 83.78
5. BMA 10.14
6. DMEA 0.16
7. t-butyl hydroperoxide (3.5% in demin. water) 10.4

8. i-ascorbic acid (1Z in demin. water) 11.75
9. Fe EDTA (1Z in demin. water) 2.01
10. t-butyl hydroperoxide (3.5% in demin. water) 38.6

1l. i-ascorbic acid (12 in demin. water) 38.83
12. t-butyl hydroperoxide (3.57 in demin. water) 0.38
13. i-ascorbic acid (12 in demin. water) 0.37
14. Fe EDTA (17 in demin. water) 0.09
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mal eate and di-n-butyl fumarate) and, in particular, esters of acrylic acid
and nethacrylic acid of formul a

CH err] =CR['err] COOR[ err] wherein Rerr] is Hor nmethyl and Rerr] is
optional | MCs@e?9 t uted al kyl or cycloalkyl or 1 to 20 carbon atons (nore
préferably 1 to 8 carbon atons) exanples of which are nethyl, acrylate,

met hyl nmet hacrylate, ethyl acrylate, ethyl nethacrylate, n-butyl acrylate,
n- putyl methacrylate. 2-ethyl hexyl acrylate, 2-ethyl hexyl nethacrylate

i sopropyl acrylate. isopropyl nethacrylate, n-propyl acrylate, n-propy

net hacryl at e, ar?'&ehWé}K%%“ﬁy‘lhiﬂ?ﬁﬂ‘ﬂ“aéH/I%tseél]éﬁ-@ﬁ whthh e cﬂ?ﬁ‘é’ﬁ?ﬁﬂhse“l
acryl ate. waftxéﬁlrmoyetmd BELERGRY | RdaRed -ty 45 OXY I7PwPWdd BRI AL EWEAHS, 8 and 9.

2- hydr oxypro acrylate. and fheir_podified apal ogues Like Tone M,10
(Tone is 12‘ Eé@@ﬁﬁ?“i’%@fﬁlit@n %%{’r Oo?'lb%rpé?ta 0 %eﬁ‘ﬂ‘f nV%%lI"\afzntame‘? for
unsat ur atd ninmnesasbd | was addédr dhcafalnauyb}alsc'cm: dsatemctb 51(5°(Ia§ﬁ<y|al Eesdi d,
met hacryl i€ jagi ¢ uu[garlg eCeIddéf q&d | da (s)nl.bce aci d ar t_'cthhms %Ie p%o es ggy ch
can be nentione u%uall elrng efp o &d°%o ﬁrOV|33 on a sha evel
copol yrrerﬁl@égtm_u _ttsmpegrat:w_ee)pwhyherfeem_ -prBfectatdly fred yampl byed we 6al |
unl ess thg eSEaihbBal] Ofnd ek S¥SESGMA Swdd9b! HidARBEONL: 13 and 14 were
added. The batch was kept, at 65°C for 30 minutes and then cooled to yield
the aqueous polyurethane polymer/acrylic polymer dispersion.
The monomers were added in a ratio of BA/MMA/BMA 20/71.4/8.6 to give
an acrylic polymer glass transition temperature (Tg) of 50°C (as calculated
from the Fox equation). The ratio of polyurethane polymer/acrylic polymer

is 50/50.

Example 10

An aqueous dispersion according to the invention incorporating a
polyurethane polymer and an in-situ formed olefinic polymer was prepared as
follows. .

The same aqueous polyurethane dispersion as prepared in Example 8
(i.e. before incorporation of the olefinic polymer) was used in this
example.

The incorporation of an in-situ polymerised olefinic polymer (in

fact an acrylic polymer) was effected using the following recipe:

__‘*‘*“—~*—~—-—~____
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The wei ght ratio of pol yurethane polyner(s) to olefinic polyner(s) is
suitabJy in the range of from99:1 to 20:80, and nore preferably 95:5 to
30: 70. It may further be nmentioned that the above-descri bed

t echni que¥C{¥#999i ncor porating ol efinic pétymers into aqueous pol yuret hane
di spersions are not in thensel ves new and have e.g. been described in

di scl osures such as US 3684759, US 3705164, EP 030911 and EP 0308115.
ref.erence to which is incorporated herein. The aqueous

di spersions of the invention typically have a solids confent of from about
20 to 60Z by weight, nore usually from 25 to 50Z by weigéﬁ—.—s The
aqueous di. spersipanﬁu@fchirtbediwﬁbmr(a&r eb@anti cul arly use$ad.oas or for

b ot ect | de, “Seﬁrg'rél 1 JeEaRREREN  "coat i g compositione) FH Bhi ch pur pose
3. 64 .89
4, MMA 231.55
5. BMA 28.03
6. DMEA 0.36
7. t-butyl hydroperoxide (3.5Z in demin water) 19.84
8. i-ascorbic acid (12 in demin. water) 22.42
9. Fe EDTA (1% in demin. water) 3.84
10. t-butyl hydroperoxide (3.52 in demin. water) 90.07
11. i-ascorbic acid (17 in demin. water) 90.59
12. t-butyl hydroperoxide (3.5% in dermin. water) 0.88
13. i-ascorbic acid (17 in demin. water) 0.87
14. Fe EDTA (1% in demin. waéer) 0.22

The polyurethane dispersion (1)'was diluted with the demineralised
water (2). The batch was heated to 35°C. 9.5% of the neutralised monomers
(3-6) were added to the polyurethane dispersioh. The batch was kept at 35°C
for 30 minutes. 7 was added followed by 8 and 9. The temperature rose to
about 47°C. The peak temperature was maintained for 15 minutes and 10 was
added. The batch was then heated to 50°C and a feed of 3 to 6 begun. A
feed of 11 was also begun. The batch was heated to 65°C (reaction
temperature) while feeding. The total feed time for 3 to 6 was 60 minutes.
The feed time for 11 was 70 minutes. 12, 13 and 14 were added. The batch
was kept at 65°C for 30 minutes and then cooled to yield the aqueous
polyurethane polymer/acrylic polymer dispersion.

The monomers were added in a ratio of BA/MMA/BMA 20/71.4/8.6 to give
an acrylic polymer glass transition temperature (Tg) of 50°C (as calculated
from the Fox equation). The ratio of polyurethane polymer/acrylic polymer
is 30/70.
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20 , they may be further diluted with water
and/ or .organi ¢ solvents, or they may be supplied in nore concentrated form
by evaporation of water and/or organi c conponents of the liquid nmedium As
coati ng cMEpeEIMi ons, they nay be applie#3to a variety of substrates:

i ncl udi ng wood, net aI s, stone, concrete, glass, cloth, |eather, paper

pl astics, foamand the |ike, by any conventional nethod including brushing,
di pping, flow coating, spraying, and the |like. The aqueous carrier nedium
is renoved by natural or accelerated (by heat) drying to forma coati ng.
The conpositions may contain other conventional ingredients including
organi ¢ seir¥efiance PbfIMEBpSrsidieSof BraMpikebi®r 9 amdinbact ants, thickeners,
“heat stabilisers, levelling agents, anti-cratering agents, fillers,

sedi nentation inhibitors, UV absorbers, antioxidants and the |ike
introduced at aresdizpersfon be Ixangdlext 8oN9 pMACEE vere swdlseteemsiyg the is
possi bl e d n ny_ Oxi di;gpel;si.0

enhance t oglb;“lg(rﬁél%rg sq-' 5‘2? eﬁtrtogéesr ? QMJEQ s &gsggﬁeﬁdégﬁeea ?h%l%aqﬂszlg the

di sper si (ﬁPOGfTerte(rmmanm toawlbentse@dl pther liquids), also as descrlbed

above (except that, prior to conditioning at room temperature for 8 hours,

the test chart was placed in an oven at 70°C for 16 hours instead of at 52°C

for 64 hours as before).

The results are shown in Table 4.
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conbi nation with other polyner dispersions or solutions which are not
according to the invention. The present invention is now
illustrated by reference to the follow ng exanples. Unless otherw se

speci fi ed¥Ce¥f99%Barts. percentages and ratii os are on a wei ght basis.

Exanmple 1 An aqueous pol yuret hane pol yner di spersion according to
the invention was prepared as foll ows. A pol yur et hane prepol yner
was- first prepared using the foll ow ng recipe:

1t

a
« | s} 7]
o
33
+ 0
0 Q.
ma.al n vy n
= g n Ts} n ||
>
™ $
50
Q.
= n.Aal wn Ty} s}

spot

b
4
3.5

a
5
5
5

EtoH (482) Coffee
spot
a b a
4 4 4
3.5 4 4
3 4.5 | 4.5
L———-—-_-———"l

-
© &
20
8
T 00| n n n “
o
—{ - ~ ~
ma o 0y Y [72)
o 3.0 Q] O~} © ~
HdOoOB|loT|lom| o
Mo N [ I [N P N
@ *
- -~ ~~
L 0 n | o=
%:’.ﬂ O~ O~ ~
on|lon]|l o-| =
BT H]| N> N~ o ©
3
~~
® o0 b
8z :
g 0 b
o M )
¥ o ~ o0 5
o o \n ~ ~ o
] o~ = =4 ~ @
= <
3 ¥ O -
< == <
B4 *
\
This Sheet Has B

T IIITHI



21 ' Z of

Prepol yner Gr-ais

reactahts ° DESMODUR W 414 Q

46. 00 SMC.3899- di net hyl ol propionic acks 60
PRI PLAST 3192§2 d Prop 397.74 H“MH l{ll“" "Ill “ |m5

1, 4- cycl ohexane di net hanol 37. 86 4 21 N—nethyl
pyrol | i dope 300. 00 st annous octoate (catalyst)

0. 36 * 4, 4*-di cycl ohexyl net hane dii socyanate (conmercially

avai | abl laims

1. Aqueous polyurethane polymer(s) dispersion wherein the polyurethane

polymer(s) thereof comprises the reaction product of :

(A) an isocyanate-terminated polyurethane prepolymer formed from
reactants which comprise:

(i) at least one, organic polyisocyanate,

(ii) at least one polyesterpolyol which incorporates polymerised
units derived from a dimer acid,

(iii) at least one isocyanate-reactive and/or diisocyanate compound
providing nonionic and/or ionic dispersing groups or groups
which are subsequently converted to such dispersing groups and
wherein,

(iv) said prepolymer aléo incorporates polymerised units of one or
more of the following : at least one cycloaliphatic polyol of
molecular weight below 400, at least one cycloaliphatic
polyacid of molecular weight below 400, at least one aromatic
polyol of molecular weight below 500, and at least one
aromatic polyacid of molecular weight below 500 with the
proviso that any such cyclocaliphatic or aromatic polyol(s) is
incorporated by being used as a reactant in the synthesis of
the at least one polyesterpolyol and/or by being used as such
in the prepolymer synthesis, and that any cycloaliphatic or
aromatic polyacid(s) is incorporated only or substantially
only by being used as a reactant in the synthesis of the at
least one polyesterpolyol,
and

(B) an active-hydrogen chain-extending compound(s).

_‘““*“—~—=—~—________
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** a comercially available polyester polyol fromUniechera-based ___  on
a C36,diner acid and 1, 6- hexanedi ol . The aE - menti oned

i ngredients (apart fromthe stannous octoate) were c mnmnﬁﬂmor and
heat ed, "uXeB6¥%y nitrogen, to 50[err]C. 46Half of th e was

added. The reaction mixture was heated to 80- 85[err] C and keﬁ)'t & this
tenperature for 30 minutes. The remaining half of the stannous octoate was
added to the reactor and the reaction mxture was held at 80-85[err]C for a
further 60 m nutes. The residual NCO group, content was found tqQ be 4.69Z
(theoreti%al 5A9upPUs \ESHYEFEthERE (PolyRge (s) dispersipn whazedn $he RolyHrethRae

cool ed doydlymer GD[ @srifCta8dEctd. 58 ag dduedubyladEkne (TEA) was added to
neutralise the carboxyl groups. The. resulting prepol ymer was

di spersed into 999.70 g dem neralised water (at 28[err]C) containing 25.72
g of AKYPOROX Okpui2b(s \polgarethiafie idlfyaedt @Nt dbspdr6idn/ agecofd iNgCRREH tidE 2860

ant i f oam . CAKYPQROK, and NEOORYE ALCateel SLES SUebEAS BTt he time fo
dlsperse‘f € pol yner was to 70 mnutes, Wit e wat er tenperature being
kept at 2®132ptenpolyol has a hightdmgrhevifnyydicgepatiah chergmpopdingnte damto t he

water, a apliubi G uEO8E el dod3r7A oy Hord e itflEaZINg. SOI Ut i on and 40. 01g

of dem neralised water was a 0 ect chaln-extension in the aqueous
phase.

4. Aqueous polyurethane polymer(s) dispersion according to any one of
the preceding claims wherein the hydroxyl number of the polyesterpolyol is

within the range of from 30 to 210 mg KOH/g.

5. Aqueous polyurethane polymer(s) dispersion according to any one of
the preceding claims wherein the level of dimer acid-derived units in the
polyesterpolyol on a weight 2 baéis is within the range of from 25 to 75
weight Z.

6. Aqueous polyurethane polymer(s) dispersion according to any one of
the preceding claims wherein said polyesterpoiyol incorporates 0 to 55
weight Z of units derived from one or more of said cycloaliphatic polyol of
molecular weight below 400, cycloaliphatic polyacid of molecular weight
below 400, aromatic polyol of molecular weight below 500 and aromatic
polyacid of molecular weight below 500.

7. Aqueous polyurethane polymer(s) dispersion according to any one of
the preceding claims wherein the level of polyesterpolyol-derived units as a
whole in the polyurethane prepolymer on a weight basis is within the range
of from 25 to 75 weight Z.

8. Aqueous polyurethane polymer(s) dispersion according to any one of

the preceding claims wherein the polyesterpolyol incorporates dimer acid and

one or more of said cycloaliphatic polyol of molecular weight below 400,

aromatic polyol of molecular weight below 500, cycloaliphatic polyacid of
This Sheet Has
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22 - The resul ting pol yurethane pol yner dlsper5|on ma§“666fedﬁPe
30[err}C. Then a solution containing 40.01 g dem nerali

of SURFYNOL 104E (2,4,7,9,-tetranet hyl decyn(5)4,7 di oI) Ii#%’:)sd_
0T- 75 ( Na™gi-3€238 sul phOSUCCI nate; anioni é7enul sifier), and 20‘42'4
“N-met hyl pyrrol i done added over 25-30 m nutes. (SURFYNCL and AERCSCL are

regi stered trademarks). 6.17 g of NEOCRYL AP-2860 were added and the
m xture stirred for 10 m nutes.

molecular weight below 400, and aromatic polyacid of molecular weight below
500, and there is none of said cycloaliphatic and aromatic polyol used as

such in the prepolymer synthesis.

9, Aqueous polyurethane polymer(s) dispersion according to any one of
claims 1 to 8 wherein the polyesterpolyol incorporates dimer acid and none
of said cycloaliphatic polyol of molecular weight below 400, aromatic polyol
of molecular weight below 500, cycloaliphatic polyacid of molecular weight
below 400, and aromatic polyacid of molecular of weight below 500, and one
or both of said cycloaliphatic polyol of molecular weight below 400 and
aromatic polyol of molecular weight below 500 is used as such in the

prepolymer synthesis.

10. Aqueous polyurethane polymer(s) dispersion according to any one of
claims 1 to 8 wherein the polyeséer polyol incorporates dimer acid and one
or more of said cycloaliphatic polyol of molecular weight below 400,
aromatic polyol of molecular weight below 500, cycloaliphatic polyacid of
molecular weight below 400 and aromatic polyacid of molecular weight below
500, and one or both of said cycloaliphatic pdlyol of molecular weight below
400 and aromatic polyol of molecular weight below 500 is also used as such

the prepolymer synthesis.

11. Aqueous polyurethane polymer(s) dispersion according to any one of
the preceding claims wherein the level of dimer acid in the polyurethane

prepolymer as a whole is within the range of from 10 to 50 weight Z.

12, 'Aqueous polyurethane polymer(s) dispersion according any one of the
preceding claims wherein the level in the polyurethane prepolymer as a whole
of units derived from one or more of said cycloaliphatic polyocl of molecular
weight below 400, aromatic polyol of molecular weight below 500,
cycloaliphatic polyacid of molecular weight below 400, and aromatic polyacid

below 500 is within the range of from 2 to 35 weight Z.

i



Exanpl e 2 An aqueous pol yuret hane pol yner di spersion according to

the invention was prepared as follows. A pol yurettane prepofyner
was first prepared using the follow ng recipe:

Z of PrepoRgn ‘e - J DD
reaCt ants DESMCDUR W _ : L NS %
49. 21 2,2-di methyl ol propionic acid 22. 40 3.50
PRI PLAST 3192 - 241.76 37.78

1, 4- cycl ohexane di net hanol 60. 89 o 9.52 N- net hyl
pyrol I i done ( NVP) 160. 00 stannous octoate (catal yst)

0.40 13. Aqﬁbeuatiﬁwumnhﬁ@rpeqiyﬂlétgrs¢ddﬁye5siapatéoﬂ‘dﬁﬁgl ttmengtmneﬂs
oct oat e vveredchar e to.a reactoQr an

0ol ort T e BERSodiNRT Ailnt S LR Sl SR DERET ke BT 1 oLk PE e,

m Xt ur ebeiay he®t 46 dsed, is 1,4-cyclohexane dimethanol.

14. Aqueous polyurethane polymer(s) dispersion according to any one of
the preceding claims wherein said cycloaliphatic polyacid, if used, is

1,4-cyclohexane dicarboxylic,acid.

15. Aqueous polyurethane polymer(s) dispersion according to any one of
the preceding claims wherein the level of units derived from organic
polyisocyanate in the polyurethane prepolymer is within the range of

from 28 to 60 weight 2.

16. Aqueous polyurethane polymer(s) dispersion according to any one of
the preceding claims wherein the ratio of isocyanate groups to
" isocyanate-reactive groups in the reactants used to form the

polyurethane prepolymer is within the range of from 1.1:1 to 6:1.

17. Aqueous polyurethane polymer(s) dispersion according to any one of
the preceding claims wherein said organic polyisocyanate is 4,4’

-dicyclohexylmethane diisocyanate.

18. Aqueous polyurethane polymer(s) dispersion according to any one of
the preceding claims which includes at least one other polymer which is not

a polyurethane polymer as defined in claim 1.

19. Aqueous polyurethane polymer(s) dispersion according to claim 18
wherein said at least one other polymer is or includes an addition polymer
derived from the addition polymerisation of one or more olefinically

unsaturated monomers.

20. Aqueous polyurethane polymer(s) dispersion according to claim 19

wherein said addition polymer is an acrylic polymer.

"R l‘iﬂill ~



90-92[err]C and kept at this tenperature for 60 minutes. The renmai ni ng half
of the stapnous octoate was added to the reactor, and the rea

was held at 90- 92[err] C for another 60 m nutes. The residual rou
content was36%%8und to be 4.96Z (theoret4tal 5.20% NCO “‘MM n “m
The reaction m xture was cool ed down to 65[err]C and 16?&“‘

‘was added to neutralise the carboxyl groups. 500* g °of *t hé

neutral i sed. NMF - containing prepolymer were dispersed into 673.37 g of
dem neral i sed water containing 11.75 g ANTAROX CO 630 (a '
1997 23

21. Aqueous polyurethane polymer(s) dispersion according to either claim
19 or claim 20 wherein said addition polymer has been prepared in-situ in
the presence of a preformed aqueous dispersion of said polyurethane

polymer(s).

22. Aqueous polyurethane polymer(s) dispersion according to any one of
claims 19 to 21 wherein the weight ratio of polyurethane polymer(s) to
addition polymer(s) is within the range of from 99:1 to 20:80. '

23, Process for the preparation of an aqueous polyurethane polymer
dispersion which process comprises : )
I synthesising an isocyanate-terminated polyurethane

prepolymer from reacéants comprising:

(i) at least one organic polyisocyanate,

(ii) at least one polyesterpolyol which incorporates
polymerised units derived at least in part from a dimer
acid, )

(iii)at least one isocyanate-reactive and/or diisocyanate
compound providing nonionic and/or ionic dispersing
groups or groups which are subsequently converted to such
dispersing groups and wherein,

(iv) said prepolymer also incorporates polymerised units of
one or more of the following: at least one
cycloaliphatic polyocl of molecular weight below 400, at
least one cycloaliphatic polyacid of molecular weight
below 400, at least one aromatic polyol of molecular
weight below 500, and at least one aromatic polyacid of
molecular weight below 500 with the proviso that any
such cycloaliphatic or aromatic polyol(s) is incorporated
by being used as a reactant in the synthesis of the at

least one polyesterpolyol and/or by being used as such
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nonionic enmulsifier; ANTAROX is a registered trade nark-e%—ﬁhone Poulenc)
The wat.er terrperature was kept bel ow 37C, the dispersing t,i m‘“m\
m nut es. A m xture containing 13.50 g of 63. 05%h m “ﬁ“

and 10 g viG: 2§99%s added to effect chai nSextension. The te wet

i ncreased spont aneously and the peak tenperature was mai ntai ned for 10
m nutes before cooling. Finally, 11.75 g of NEOCRYL AP-3014 were added to

t he*resul ti ng pol yuret hane pol ymer di spersion. Exanple 3 An aqueous
pol yur et hane pol ymer di spersi.on according to the invention was ﬁrepared as
fol | ows. A pol yesife thp AREPLYREr §Wﬁkﬁéé1‘sé& f thah #RE $6R| owi ng
conponent s: cycloallphatlc or aromatic polyacid(s) is incorpdialbyd
‘wei ght PRI PCL 10Q9 * %7 .
adi pi ¢ acid q or substantially only %belng usedlas4aC1§/eCa|c Aot dn.
di et hanol the synth®sis of the at least one polyesterpolyol,

II forming an aqueous dispersion of said prepolymer having

converted to dispersing groups any groups requiring such
conversion, and

III chain-extending the prepolymer in the aqueous medium to form
said polyurethane polymer dispersion using an active hydrogen

chain-extending compound(s).

24, Coating obtainable from an aqueous-based composition comprising an
aqueous polyurethane polymer(s) dispersion according to any one of claims 1
to 22.

25, Method of coating a substrate using an aqueous-based composition
comprising an aqueous polyurethane polymer(s) dispersion according to any

one of claims 1 to 22.
26. Coated substrate having a coating obtainable from an aqueous-based

composition comprising an aqueous polyurethane polymer(s) dispersion

according to any one of claims 1 to 22.

"y \



* a CG36 diner acid (conmercially available from Uni chema). The
pol yester polyol had a hydroxyl value of 113 ng KOH g (theoretical |20

and an acid value of 0.34 ng KOH g. : A pol yur et hane prepol ynmer was
prepared u#i-Ag°2%e foll owi ng recipe: 51

Z of Prepol yner gr ans
reactants DESHAOUEOUS/ POLYURETHANE DISPERSIONS 242. 65

37.491 2, 2-di met hyl ol propionic acid 22. 40 3.50
"Pol yest er pol yol (as above) 374. 95 58. 59 "N- et hyl
pyrol | i done 160. 00 ABSTRAET annous octoate (catal yst)

0. 40 '

Aqueous polyurethane dispersion in which the polyurethane is made by
chain-extension of a prepolymer, and optionally including another
polymer (particularly acrylic), wherein the prepolymer incorporates -a’
dimer acid-based polyeéterpolyol and also a low molecular weight
cycloaliphatic andf/or aromatic polyol and/or polyacid and wherein any
low molecular weight cycloaliphatic or aromatic polyol is incorporated
as a component of the polyester polyol and/or is used as such in the
prepolymer synthesis, and any low molecular weight cycloaliphatic or
aromatic polyacid is only or substantially only used as such in the

prepolymer synthesis.

This Sheet Has Been R:ﬂ

i



24 The above- ment i oned i ngredients (apart fromthe ¥pAxkreotis

octoate) were charged to a reactor and heated, under dry nitrogen,
60[err] C. Half of the dmount of stannous octoate was added.JoERe Al
ni xture was heated to 90-92[err] C and kept at this tenperatjdvi=
m nut es.” The renalnlng hal f of the stannoqg octoate was addedy to t
reackor and thé redction mxture held at 90-92[err]C for anpt
“mRAutes. The resigual NCO content was found to be 3.61Z (the
NCO'OH ratio 1.70). The reaction m xture was cool el 1
and 16.90 g triethyl ani ne added. 500 g of the resuitii

prepol ymer werée di spersed AQUEOUS/@OBYVURETHANEI®USPERSBONS ed wat er “cont ai

di spersing tinme was 105 iinutes. A m xture containing 9.83 g
63. 05% hydr azi ne The | nresert a.n.ueqtg.og. relates to aqueous dispersions and more

herQ 5(5‘%-B 1997

ni ng
12.14 g ANTAROX.CO-630. The water tenperature was kept below 37[err]C; the

of

particularly to aquecus polyurethane dispersions in which the polyurethane

comprises dimer acid and certain low molecular weight cycloaliphatic
components.

Aquecus polyurethane dispersions which are used as or provide the

basis of agueous-based coating compositions are well known for the

production of coating films on various substrates. They may be used for

the provision of e.g. protective or decorative coatings since

polyurethanes, dép’ending on their particular composition, can possess many

desirable properties such as good chemical resistance, water- -

resistance, solvent resistance, toughness, abrasion-resistance, substrate

adhesion and durability. Dispersion of the polyurethane in the aqueous.

system has been achieved either by the use of extermal surfactants or,

_ usefully, by including appropriate chain-pendant ionic and/or nonionic

more

groups in the structure of the polyurethane polymer. In the latter respect,

such aqueous polyurethane dispersions are pa.rticdla.rly advanta.geouslj'

prepared (as is by now well-known in the art) i:y.dispersing an isocyanate-
terminated polyurethane prepolymer bearing ionic and/or nonionic dispersing
groups into an aqueocus medium and then reacting the prepolymer with an

active hydrogen-containing chain extender while dispersed in the aqueocus

- medium. See e.g. UK Patents 1549458 and 1549459.
R It is'known to obtain particularly high performance aqueous

polyurethane dispersions, especially in terms of the chemical, water,

solvent and stain-resistance of coatings derived therefrom, by en;ploying a
polycarbonate polyol as a reactant in the prepolymer formation along with
the other components used in the prepolymer syntfxesis. particularly always
including an organic polyisocyanate. However, polycarbonate polyols tend to

be very expensive materials. Moreover, in our experience their future

supply cannot always be guaranteed. In view of this we have sought high

performance alternatives to polycarbonate polyol-based polyurethane aqueous

dispersions.
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wat er were added to effect chain-extension. The tenperatur gk Sasest=
spont aneously and the peak tenperature maintained for 30 n1ﬁ§g§§& SEIeNE T
cooling. Finally, 12.43 g of NEOCRYL AP-3014 were added to ff 5T

pol yur et hane pol yner di spersion. Exanpl e 4 An t

pol yur et hane pol ymer di spersion according,to the invention

fol lows. A polyester pol yol was syntheS|sed fromth;

conponent s:

wei ght PRI POL 1009 _ S

1, 4-tycl ohexane di net hanol 32 " The polyester

pol yol had an hyés drye nowl disapiretdd noge K@jagous polyure{ianeoddpecatons26§ and-
an acid V@L @bty ?5&'@1 Eg'gcﬂ'mance which RoPRy Whetaange g%roﬁp&]:%@f‘{x Wag

pr epar ed u5|ng the foll'ow ng recipe
the presence of a polycarbonate polyol component in the polyurethane.

According to the present invention there is provided an aqueous
' polyurethane polymer(s) dispersion wherein the polyurethane polymer(s)
thereof comprises the réaction product of:
(A) an isocyanate-terminated polyurethane prepolymer formed from
reactants which comprise: |

(i) at least one organic polyxsocyanate.

(ii) at least one polyesterpolyol which has been derzved at least
in part from a dimer zcid,

(iii) at least one isocyanate-reactive and/or diisocyanate campound
providing nonionic and/or ionic dispersing groups or groups
which are subsequently converted to such dispersing groups,
~and wheteln - )

(iv) said prepolymer also incorporates polymerised units of one
or more of the following : at least one cycloaliphatic.polyol
of molecular weight below 400, at least one cycloaliphatic
polyacid of molecular weight below 400, at least one aromatic
polyol of molecular weight below S00, and at least one
aromatic polyacid of molecular weight selaw 500 with the
proviso that any such cycloaliphatic or aromatic polyol(s) is

. _ incorporated by being used as a reactant in the syntﬁesis of
' the at least one polyesterpolyol and/or by being used as such
(i.e. as a separate component(s)) in the prepolymer synthesis,
and that any cycloaliphatic or aromatic polyacid(s) is
incorporated only or substantially only by being used as a

reactant in the synthesis of the at least one polyesterpolyol,
and '

(B) an active-hydrogen éhain-extending compound(s).
There is also provided according to the invention a process for the

preparation of an aqueous polyurethane polymer dispersion which
process comprises :

-

i



25
Pr epol yner

reactants DESMODUR W

39. 36- ’ 2, 2-di met hyl ol propionic acid
Pol yest er pol yol (as above) 363. 665
pyrollidone 160. 00

I. synthesising an isocyana:e-te:minated polyurethane prepolymer from
reactants which comprise:

(i) at least one organic polyisocyanate,
(ii) at least one polyesterpolyol which incorporates polymerised
. units derived from a dimer acid,

(iii) at least one isocyanate-reactive and/or diisocyanate compound
providing nonionic and/or ionic dispersing groups or groups
which are supsequently converted to such dispersing groups,
and wherein

{iv) said prepolymer also incofporates polymerised units of one or

s »

more of the following: at least one cycloaliphatic polyol of
molecular wéight below 400, at least one cycloaliphatic™
polyacid of molecular weight below 400, at least one aromatic
polyol of molecula; weight below 500, and at least one
aromatic polyacid of molecular weight below 500 with the
proviso that any such cycloaliphatic or aromatic polyol(s) is
incorporated by being used as a reactant in the synthesis of
the at least one polyesterpolyol and/or by being used as such
(i.e. as a separate component(sf) in the prepolymer synthesis,
and that any cycloaliphatic or aromatic polyacid(s) is
incorporated only or substantially only by being used as a
reactant in the synthesis of the at least one polyesterpolyol,
II. forming an aqueous dispersion of said prepolymer having converted to
dispersing groups any groups requiring such conversion, and
III. chain-extending the prepolymer, in the aqueous medium, to form said
polyurethane polymer dispersion using an active hydrogen chain-
extending compound(s).

There is further provided according to the invention a coating
obtainable or derived from an aqueous-based composition comprising an
aquecus polyurethane polymer dispersion as defined above.

| There is still further provided according to the invention a method
of coating a substrate using an aqueous-based composition comprising an
aqueous poljurethane polymer dispersion as defined above.

i \l\l\\\\\\\\ﬁm




stannous octoate (catalyst) 0. 40 The abov""““ Thy: :! e

ingredients (apart fromthe stannous octoate) were charged t ¢SSR MONTaNEELT
heat ed, under dry nitrogen, to 60[err]C Half of the anount ST anmoo ~~1--'-'~+¥3"-'-E[
octoate was.added. The reaction m xture was heated to 90-92Q & ]
this-tenperature for 60 mnutes. The remaining half of the jstjannous

octoate was added to the reactor and the reaction mxture h
90- 92[err] C for another 60 m nutes. The residual NCO contentf.was found to !
be 3.90Z (theoretical 4.21; NCOCH ratio 1.70). The Teact Mo —==se=ue.}
mixt ure” was cool eub:mo;ﬁ&[;gﬁ ]fQ,,-aﬁdr: Igro8ideg 8¢qosding Heivhe irnpagion30ceptel
tHe resul (g neutyalised gﬁrepo é%%{@ﬁ'ﬁ%@{r&ﬁ@tbﬁﬁﬁ %ﬁo&é—&s?

3 t he

demi neral i sed wat er l%t af g ANTAR%@ 230 a 32
NEOCRYL APPREPE4tion icompwisdng tatarrpeu%ﬂ“&r gokyprse Pt BerBE ?E?"SEH% =d'| definsi ng

ti:me was aB&edu nut es. A mxture containing 11.64 g of 63.05%
hy.dr azi ne sol utign and 10 wat er were,add t e ai h-extensi on. The
tenmperature i ncrg%’sé&“%%én?%?‘é‘él&ll‘ﬁf‘%ﬁasqeﬁ:ggm g e{en%levreag U7 TRai Ht SPYRRE for

30 m nut esofpriseenaeotisione polgupdchabe polymer prepared as defined above.

i For the purposes of this invention an "aquecus dispersion® means a
dispersion of the polyurethans polymer in a liquid carrier medium of which

, water is the principle component (at least 50 weight Z, more usually at

; least 80 weight Z, of the carrier medium).  Minor amounts of organic liquids
may optionally be‘Hresen:- The dispersion will typically comprise
colloidally dispersed particles of the polyurecthane, i.e. will typically be
in the form of an aqueous latex. -

It has thus been discovered that aquecus polyurethane polymer
dispersions as defined above, i.e. in which the prepolymer used in the
synthesis thereof is derived from a polyester polyol incorporating
polymerised dimer acid units and the prepolymer also incorporating
polymerised units of low molecular weight cycloaliphatic and/or aromatic
polyols and/or diacids (as defined) in a manner also as defined above,
unexpectedly possess an exceptionally advantageous combination of good
properties, in particular excellent chemical, water, solvent, and stain-

i resistance, and can therefore be considered as high performance p:oducts§
Polyester polyols as used herein preferably contain an average of

1.5 to 3 hyroxyl groups per molecule, preferably 1.8 to 2.3 hydroxyl groups

per molecule, and particularly 1.9 to 2.1 groups per molecule (i.e. about 2

groups per molecule). The hydroxyl groups are usually terminally located

(i.e. at the end of a polymer chain) but can be non-terminal as well. The

pPolyester structure may be linear or it may be branched. As is well known,

Polyesters, which contain carbonyloxy linking groups (i.e. ester groups of

formula -C(=0)-0-) are made by polymerising an "acid component”, by which we

mean a component consisting of reactant(s) based substantially on at least
one multifunctional carboxylic acid (usually mostly or all dicarboxylic), or

ester-forming derivatives thereof such as acid halides, anhydrides or esters



An aqueous di spersion according to the invention incorpor df

pol yur et hane pol ynmer and an in-situ forned olefinic poly 3 ’ _'Ir'e.d. 'a_s:;
fol | ows. po . A
pol yester polyol was synthesised fromthe follow ng conpgng 83 FER 195,

S .

(polyme:isation taking place by transesterification in the latter case) and
a "hydroxyl-component®, by which we mean a component consisting of
reactant(s) based substantially on at least one polyol (usually including at
least one diol). (It is to be understood however, that the polyester may
contain if desired small amounts of carbonylamido linking groups -C(=0)-NH-'
by including a minor amount of an appropriate amino functional reactant as
parc of the "hydroxyl-compoment®; however this is not usual).

The polyester polyols used in the instant invention have an acid
component which comprises at least one dimer acid.

Dimer acids (and esters thereof) are a well known commercially
available class"d% (usually unsaturated) dicarboxylic acids (or esters).
They are normally prepared by dimerising unsaturated long chain aliphatic
monocarboxylic acids, usually of 13 to 22 carbon atoms, or their esters
(e.g. alkyl esters). The dimerigation is thought by those in the art
(although we should not be bound by this) to proceed by possible mechanisms
which includes Diels Alder, free radical, and carbonium ion mechanisms. The
dimer acid material will normally comprise a mixture of isomers which will
usually contain 26 to 44 carbon atoms. Particularly, examples include dimer
acids (or esters) derived from C-18 and C-22 unsaturated monocarboxylic
acids (or-esters) which will yield, respectively, C-36 and C-44 dimer acids
(or esters). Dimer acids derived from C-18 unsaturated acids, which include
acids such as linoleic and linolenic are particularly well known (yielding
C-136 dimer acids). For example &9, 11 and A 9, 12 linoleic acids can
dimerise to an isomer mixture having structures selected from one or more of
linear, acyclic and aromatic structures. The dimer acid products will
normally also contain a proportion of trimer acids (e.g. C-54 acids when
using C-18 starting acids). possibly even higher oligomers and also small
amounts of the monomer acids.

The dimer acids preferred in this invention are the high purity
(polymer grade) materials. Such dimer acids contain both low levels of
monobasic, and other monofunctional intermediates, and low levels of
trimer acid. The low level of monofunctional components facilitates the
subsequent production of high molecular weight polymers. The low level
of trimer content minimises any branching which might possibly lead to a

viscosity increase or a risk of gelation (crosslinking) in subsequent



% by wei ght PRI POL 1009 REPLACE v 49

adi pi ¢ acid 12 ey elbhexane

di et hanol 39 The pol yest gr ol

hydr oxyl value of 113 mg KOH g and an acid val ue of 0.47{g{KAHK EB W57
g e

pol yur et hane prepol yner was prepared accogding to the fo reci pe:
Z of- Prepol virer grams T e
reactants DESMODUR W ' OB —
42. 37 2. 2-di net hyl ol propionic acid 42.00- | 3.50 " °
Pol yest er pol yol (as above) 649. 55 54. 13 ‘N- net hyl

pyrol | i doseeps. Preferred dimdi)adfds are thosetwitholisssochamBewéighal \ft )
0.70 trimer or higher oligomer. Usually, dimer acid (or ester) products as
initially formed are unsaturated which could possibly be detrimental to
their oxidative stability by providing sites for crosslinking or
degradation, and so resulting in changes in the physical prdperties of the
resulting coatings with time. It is therefore preferred (although not
essential) to use dimer acid products which have been hydrogemated to remove
a substantial proportion of unreacted double bonds. Thus, the dimer acids
preferred in this invention have a high degree of hydrogenation giving low
levels of unsatu;ation. The icdine value is preferably below 10 g I5/100 g
for the dimer aéig'component. Several differenn'grades of high purity
dimer acids are available from commercial sources, for examples PRIPOL 1009
is a C-36 type available from Unichema Internmational (PRIPOL is a trademark
of Unichema). '

Hereinafter the term "dimer acid” (unless there are indications to
the contrary) is used for convenience to collectively coavey both the diacid
material itself, or ester-forming derivatives thereof (such as lower alkyl
esters) and includes (if present) any trimer or monamer.

In the synthesis of the palyester polfol. the acid component used
therefor can consist solely of dimer acid, i.e. the dimer acid can be the
only diacid. Alternatively, the dimer acid may be used in conjunction with
any of the diacids or higher functionality acids which are suitable for
incorporation into the polyester structure. Suitable acids for this purpose
include C-4 to C-20 aliphatic, cycloaliphatic and aromatic dicarboxylic
acids (or higher functionality acids) or their ester-forming derivatives
(such as anhydrides or lower alkyl esters). Specific examples include
adipic acid, fumaric acid, maleic acid, succinic acid, itacomic acid,
sebacic acid, 1,4-cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic
acid, 1,2-cyclohexanedicarboxylic acid, terephthalic acid, isophthalic acid,
phthalic acid, and tetrahydrophthalic acid. Anhydrides include succinic,
maleic and phthalic anhydrides. |

It will be noted that cycloaliphatic dicarboxylic acids of molecular
weight below 400 and aromatic diacids of molecular weight below 500 are

given;hbove as examples of polyacids which may be used in conjunction with



The procedure foll owed to make the prepol ymer was subst BfER
described in Exanple 2. except that the above i ngredi ent sFEee
speci fied were enpl oyed. The residual NCO group content}
5.01% (theoretical 5.43; NCOOH ratio 2.0). The amount
used to neutralise the carboxyl groups was 31.68 g.
neut-ral i sed prepol yner were dispersed into 811.38 g of dem neralised watdgr,
containing 14.67 g ANTAROX CO 630. The wat er tenper at ur'e=res=—kept—tirct-cw-l
37[err]C, the dispersing tinme was 60 m nutes. To: this di spersion
was ‘added a m xture of 16.11 g of 64.05 Z hydrazine solution and 10 g of
wat er. Thehs elimet adcideas nhe endddcaponentcand| of aodksehbt (leakndlerpbimraightnwas

mai nt ai ne ut e Fi :Q,?% ? %r 1

added to ?ﬁéﬂ{ra.elé.gﬁpxg g.ndzloy uir g%ce ]p%I zc:.%s e, Lgrﬁ% .{nc%%éatgg f}:.t\ée&lee
polyurethane structure, they wzll (as defxned above)_necessarily be
incorporated only or substantially only in this way (i.e by being used only

or substantially only as a reactant in the synthesis of the polyester

polyol). This is because incorporation of such cyclocaliphatic and/or
aromatic polyacids by using them as such (i.e. as a separate component) in
the prepolymer synthesis in our experience generates unacceptable foaming.
However they might be used to a very small degree (say up to 1 or 2 wtZ in
total, based on the weight of prepolymer reactants) without any problems;
hence the use of‘éhe term "substantially only®. Other (non cycloaliphatic
or non-aromatic) polyacids which may be used particularly include adigic
acid. '

With regard to the hydroxyl-componen: reactants used in the
polyester polyol synthesis, these can be any one or more of the diols
(glycols) suitable for incorporation into the polyurethane structure and
may be aliphatic, cycloaliphatic, aryl or aralkyl glycols; small amounts of
higher functionality alcohols may also be used if desired (e.g. tri-or
tetrafunctional alcohols). Examples of these include 1,6-hexane diol,
ethylene or propylene glycol, 1,3-butanediol,l,é-butanedicl, neopentyl
glycol, trimethyl pentane diol, the 1,2-, 1.3-,-and 1,4-cyclohexanediols and
the corresponding cyclchexane dimethanols, diethylene glycol, dipropylene
glycol, glycerol, trimethylol propane, and peataerythritol. Diols such as
alkoxylated bisphenol A products (which are here intended to be included
within the term éralkyl glycols), e.g. ethoxylated or propoxylated bisphenol
A (usually of molecular weight below 500)could also be used.

It will again be noted that cycloaliphatic polyols of molecular
weight below 400 and aromatic polyols of molecular weight below 500 (NB we
intend aralkyl glycols, such as the alkoxylated bisphenol A products
mentioned above, to be examples of aromatic polyols) are given above as
examples of polyols which may be used as at least ﬁart of the hydroxyl
component employed in the polyester polyol synthesis, and of course if
low molecular weight cycloaliphatic and/or aromatic polyols are in fact

incorpéfﬁted into the polyurethane structure, they can (as defined) be



27 The incorporation of an in-situ polyneri
(in fact an acrylic polynmer) was effected using the fo

gr ans 1. pol yur et hane di spersi on (as above)

2. water (dem neralised) 1%

n-butyl acrylate (BA) 8 22. 8%

met hacryl ate ( MVA) _ : 81. 62 5.

met hacryl ate (BMA) 9.88 6. f

NN- di et hyl et hanol am ne ( DVEA) 0. 11T
hydr 6per oxi de (3.5Z in dem n. water) 6. 27 8. | -ascorbic-acid

(1% i n deimcnrpavated )in this way (i.e. by .t@3ng used as a reactant in the
' synthesis of the polyester p'ol'yol) and/or by being used as such (i.e. as
a separate component) in the paolyurethane prepolymer synthesis. Qther
polyols which may be used in the synthesis of the polyester polyol
"parf.icularly include neopentyl glycol and trimecthyl pentane diol.

The relative levels of the acid-component reactants and hydroxyl-
component reactants should be such, as mentioned supra, that the resulting
polyester polyol is hydroxyl-terminated. Therefore a suitable
stoichiometric excess of hydroxyl-components will be employed. Generally
speaking t:h.e rea.c:a.n:s are usually used in proportions such
that the rat:.o cf hydroxyl-conponent hydroxyl groups to acid-component
carboxyl groups is from about 1.05:1 to about 1.S5:1 (more usually 1.3:1 to
1.1:1).

Usually, the hydroxyl numb?r: of the polyester polyol will be within
the range of from 30 to 210 (more usually 40 to 150) mg KOH/g, and its acid
value will usually be within the range of 0 to 20 (more usually 0.05 to 2)
mg KOE/g. The number average molecular weight of the polyester polyol will
often be within the range of from S00 to 5000, more usually from 700 to
3000 .-

The level of dimer acid - derived units in the polyester polyol on a
weight . Z basis will often be within the range of 25 to 75 weight I (often 30
to 70 weight Z). The level of units derived from one or more of said Llaw
mclecular.weight cycloaliphatic polyol, cycloaliphatic polyacid in the
polyester on a weight Z basis will usually be within the range of from 0 to
55 weight Z, and the level of other polyacid and/or polyol components will
usually be within the range of from 0 to 75 weight Z.

The level of polyester polyol-derived units as a whole in the
_polyurgthane prepolymer on a weight basis will usually be at least 25 weight
Z, and usually within the range of 25 to 735 weight I (more usually 30 to 65
weight Z3).

It will be perceived that in the present invention one could have
the following embodiments concerning the interrelationships of the dimer

acid-based pclyeste: polyol and the low :nolecula.: weight polyol/polyacid
cumponent.s.



9. Fe EDTA (1% in dem n. water)

EA : NTI m.rbic

t-butyl hydroperoxide (3.5%in demn. water) 28

acid (1% in demn. water) 28.60 . 12. |t b tg hydr opgr gxi de
(3.5%in demn. water) : 0.28 13. i-ascorbi FEB 1997

0. 27 14. ..Fe EDTA (1% in denmin. water 0.0

The pol yuret hane di spersion (1) was dilutéd with thej{dem neralTsct ter
(2). 20% (Www) of 3 to 6 were added and the m xture S[err]{ and
kept at this tenperature for 1 hour. 7 was added followed by 8 an - The

tenperature rose to about 40[err]C. The peak tenperature was naintained for
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the range of from 15 to 65 weight Z and the level of other polyacid and/or
polyol components will usually be within the range of 0 to S5 weight Z. The
polyester polyol as a whole is usually incorporated into the prepolymer at a
Level of 25 to ;5';:eigh.t Z.

In another embodiment, the polyester polyol incorporates dimer acid
but no low molecular weight (<400Q) cycloalipha.tic and/or low molecular
weight (<500) aromatic polyol and/or polyacid, and a low molecular weight
cycloaliphatic and/or aromatic po.lyol component is used as such (i.e. as a
separate- compenent) in the prepolymer synthesis. The level of dimer acid in
the polyester is usuwally at least 25 weight I, more usually in the range of
25 to 80 weight Z, with the level of other (noncycloaliphatic or aom
aromatic) polyacid and/or polyol components usi:a.ll.y being up to 75 weight Z,
more usually 20 to 75 weight Z. The level of polyester polyol as a whole in
the prepolymer is usually within the range of from 30 to 68 weight Z. The -
level of low molecular weight cycloaliphatic and/or aromatic polyol
“incorporated as such (i.e. as a separate componeﬁt) in the prepolymer is
usually within the range of 2 to 12 2 by weight.

In a further embodiment a combination of the above two embodiments
is used, i.e. the polyester polyocl incorporates low molecular weight (<400)
cycloaliphatic and/or low molecular weight (<500) aromatic polyol and/or
polyacid as well as dimer acid and.a separate low molecular cycloaliphatic
and/or aromatic polyol component is alsc incorporated into the polyurethane
prepolymer. .

Overall, the level of dimer acid in the polyutethane prepclymer will
usually be in the range of 10 to 50 weight Z.

Also overall, the level of low molecular weight (<400)

cycloaiiphatic and/or low molecular weight (<500) aromatic polyol(s) and/or



is 50/ 50.

An agqueous di spersion according to the invention incorppnsg

pol yur et hane polynmer and a in-situ forned olefinic poly

fol | ows:

to the follomang reci pe:

The pol yur et hane pol yner dlsperS|on wap
10

polyacid(s) units in the prepolymef will usually be within the range of 2 to
35 weight Z (i.e. whether incorporated as part of the polyester polyol

‘and/or, in the case of low molecular weight cycloaliphatic and/or aromatic

palyols, used as such in the prepolymer synthesis). Any cycloaliphatic
and/or aromatic polyol(s) used as such (i.e. as a separate component) will
usually be within the range of from 0 to 12 weiéht Z of the prepolymer.

The low molecular weight cycloaliphatic polyol (if used) is in
particular l,4-cyclochexane dimethanol, and the low molecular weight
cycloaliphatic polyacid (if used) is in particular 1,4-cyclchexane
dicarboxylic acid.

Optzonally, up to 40 wexght Z (i.e. 0 to 40 weight Z), more
preferably up to 30 weight Z (0 to 30 weight Z), based on the weight of the
polyurethane prepolymer reactants, of another type of polyal typically used
in polyurethane prepolymer syntheszs (i.e. other than a dimer-acid .
containing polyester polycl as defined above) can be used. Examples anlude
polyether polyols, other types of polyester polyols, polycarbonate polyols,
polycaprolactane polyols and the like. ' )

The organic polyisocyanate used in making the prepolymer may be an
aliphatic, cycleoaliphatic, araliphatic or aromatic polyisocyanate. Examples
of suitable polyisocyanates include ethylene diisocyanate, 1,6-hexamethylene
diisocyanate, isophorone diisocyanate, tetramethylxylene diisocyanate,
1,4-phenylene diisocyanate, 2,4-toluene diisccyanate, 2.6-icluene
diisocyanate, 4,4’-diphenyl-methane diisocyanate and its hydrogenated
derivative, 2,4’-diphenylmethane diisocyanate and its hydrogenated '
derivative, polymethylene polyphenyl polyisocyanaﬁes'and 1,5-naphthylene
diisocyanate.. Mixtures of polyisocyanates can be used, particularly
isomeric mixtures of the toluene diisocyanates or isomeric mixtures of the
diphenylmethane diisocyanates (or their hydrogenated dérivatives). and also
polyisocyanates which have been modified by the introduction of urethane,
allophanate, urea, biuret, carbodiimide, uretonimine or isocyanurate
residues. Preferred polyisocyanates are cycloaliphatic polyisocyanates such =
as 4,4’-dicyclohexylmethane diisocyanate.

The overall level of isocyanate-derived units in the prepolymer will
usualli be in the range of from 28 to 60 weight Z.
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53.70 ., 2,2-dimethyl ol propionic acid - 19.6 R B

PRI PLAST 3192 © 191,44 - 34.49 A
1.4-cycl ohexane di met hanol 48. 24 - 8. g1 -.[N; "t hyl
pygol I i done 140. 00 sfyjannous oct o cat al yst) '
0..30 The procedure followed to nake the prepoly S

substantially as described in Exanple 2, except that the:above ingr“e'df ents
I n..the amounts sp i&ﬁeed wer e enp]ggyed. The residual NCO group content was
found to be 6.68% (tREorStTTH *BYIRFioRCERPPeTst Providing nehbondiroamd/oof ionic
006 ot ettt B e T ot BN dongE a5 Bk tdiPeblaing groups,
deni neral i sed water, orltraiénln%ng T%%ggg“ﬂﬁﬁ%%o%’ TB3the PREPAIMEF SO as to
t eiper at ur ePYERSPE RALGIFB AEepelfadisprrsdbildey simgatémpeveise poe o Iyt Sad
To' this di sper §imal ehsimddeshdadnpatymes, of 21.67 g of 63.48 Z hydrazine
sol ution and 10 g @i YRLGT a4 The tenperature increased

b _ ispersing group may be cationic, for example

|. I+ J+ T

-N- -P- or  -S-

or, more preferaﬁiy, anionic, for example -803~, -0S03~, -P03~, and in

particular a éarboxyla:e salt group -C03-. =
\ Groups. which are subsequently converted to dispersing groups are
: particularly unionised (or substantially unionised) acid or basic groups

which can be converted to corresponding anionic or cationic groups by

l{ neutralisation or quaternation. For example free (unionised) carboxylic
FJ acid groups can be neutralised to carbexylate anionic groups while
; tertiary amine groups can be quaternised to quaternary ammonium groups.
ﬁ{ In general, anionic groups are preferably incorporated in the
_ 35 prepolymer in the form of a low molecular weight polyol or polyamine bearing

K the éppropriate group(s) whilst catiomic groups may be conveniently
incorporated by means of either a polymeric polyol or a low molecular weight . -
!f . pPolyol or polyamine bearing the appropriate group(s).

It is most preferred that ionic groups are incorporated into the

J Prepolymer via carboxylic acid groups which are subsequently neutralised to
' Carboxylate ion groups using agents such as a tertiary amine, examples of
which include triethylamine, triethanolamine or N-me:h&lmnrpholine, or an

F al . . .
Lo kaline hydroxide such as K or Na hydroxide or a quaternary ammonium
P hydroxide.

Examples of reactants for effecting such incorporation include
E‘ Carboxy group-containing diols and triols,

and in particular dihydroxy
alkanoic acids of the formula.



spont aneously and the peak tenperature was naintai ned for
Finally 14.81 g of NEOCRYL AP-3014 were added to the resy
pol ymer di spersion. The incorporation of an{han

olefinic polymer (in fact an acrylic polyner) was ef{fved

foll owi ng reci pe:
gr ams

12

CHy0H .
Rl-c-cosH

CH,0H

wherein Rl is hydrogen or alkyl. The preferred carboxy containing diol is
2,2-dimethylol propionic agid. '

The conversion of any acid groups present in the prepolymer to
anionic salt groups may be effected by neut;-:a.lising the said acidic groups

before, after (i‘:‘:' <in combination with nonionic stabilisation) or

simultaneously with formation of an aqueous dispersion of the prepolymer.

Nonioni.c dispersing groups are typically pendant polyoxyalkylene
groups, 'particula.zly polyoxyethylene groups. Such groups may e.g. be
provided by employing as a :eac;a:nt in the prepolymer fcrma.ticﬁ dicls having
pendant pc.lyoxyechylene chains such as those described in the prior art, for
example US 3905929. These diols, because of their function, may (for
convenience) be termed dispersing diols. Particularly suitable dispersing
diols may be obtained by reacting one mole of an organic 'd.iisocyanate in
which the two isocyanate groups have different reactivities with
approximately one mole of polyethylene glycol mono ether and then reacting
the adduct so obtained with approximately one mole of a dialkanolamine, for
example diethanolamine.

Nonionic dispersing groups may also be provided by employing as a
reactant in the p:epol.ymer' formation diisocya.né.tes having pendant

- polyoxyethylene chains such as thase described in the prior art, for example

in US 3920598. These diisocyanates, because of their function, may be
regarded as dispersing diisocyanates. Particularly suitable dispersing
diisocyanates may be obtained by reacting two moles of an organic
diisacyanate in which the two isocyanate groups have different reactivities
with apprcximately one mole of polyethylene glycol monmo-ether, the initially
formed urethane monoisocyanate then reacting at a higher temperature with
the excess diisocyanate to form an allophanate diisocyanate having a pendent
polyoxyethylene chain.
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8. 98 5! n-butyl nethacrylate (BM) :
N- di met hyl et-hanol am ne ( DVEA) .
droperoxide (3.5%in demn. water) 13 10.68 8

dem n. water) 12. 07 9. Fe EDTA (1% in ok er)
07 10. t-butyl hydroperoxide (3.5%in derri n. water)™ . 48. 41 11.
ascorbic acid (1% in demn. 48. 69 12, t-butyl
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47 14 .combinadcide) dfl Yorir demdrsxugtm)xps (such as r.hose discussed aBove} and
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nmper at ur 8ok Syt Qh@tg_ggs,_.ﬁ,@g@{gd Gt &M peAlpst enperature was mai ntained for

m nutes and 10 was added. The batch was then heated to 50[err]C and a
ed The pendent dispersing group content of the final polyurethane may

vary within wide Limits but should be sufficient to provide the polyurethane
polymer with the required degree of water-disﬁeréibility. Typically Ehe
pendant dispersing group content will wvary in the range 10 to 90 |
milliequivalents (more preferably 18 to 65 milliequivalents) of pendant
ionic dispe:singlgioups {particularly carboxylate groups) per 100 g
polyurethane polymer and/or 0.5 to 25g of pendent (lateral or terminal)
nonicnic dispersing groups (pafticularly polyethylene oxide groups) per 100
g polyurethane polymer.

SRt Xx~N O T TN

In terms of weight Z of éhe polyurethane prepolymer the level of
reactant(s) units providing nonionic and/or ionic dispersing group(s) is
usually within the range of from 2 to 10 weight Z.

The isocyanate-terminated polyurethane prepolymer may be prepared in
conventional manner by reacting a stoichiometric excess of the organic
polyisocyanate(s) with the reactant(s) having a plurality of
isocyanate-reactive groups (uéually-all hydroxy) and any other reactants
under substantially anhydrous conditions at a temperature between about
30°C and about 130°C until reaction between the isocyanate groups.and
the isocyanate-reactive (usually all hydrole) groups is substantially
complete. During the production of the isocyanate-terminated prepolymer
the reactants are generally used in proportions corresponding to a ratio
of isocyanate groups to isocyanate-reactive (usually all hydroxyl)
gfoups from about 1.l:1 to about 6:1, preferably from about 1.5:1 to 3:1
(particulariy 1.5:1 to 2:1). , _ _

If desired, catalysts such as dibutylin dilaurate and stannous
OCtoate may be used to assist prepolymer formation. An orgamnic solvent may
optionally be added before, during or after prepolymer formation to control
the viscosity. Suitable solvents which may be used include acetone,

methylethylketone, dimethylformamide, ethylene ca:bonaie. propylene




of the remaining 80%of 3 to 6 begun. A feed of 11
batch was heated to 65[err]C (reaction tenperature) if 1587
total feed tinme for 3 to 6 was 60 m nutes. The feedjt maf

m nut es.

m nutes and then cooled to yield the aqueous pol yure h

pol ymer di spersion. The nononers Mere added i\n = rati
"BA/ MVW BVA 20/ 71.4/8.6 to give an acrylic polymer gl

12, 13, and 14 were added. The-batch was kept at@é%
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tenperature (Tg) of 25[err]C (as calculated fromthe Fox equation). .The

30

"diacetone alcohol.

rati-o of pol yurethane polymer / acrylic polynmer is 50/50.

carbonate, diglyme, N-methylpyrrolidone, ethyl acetate, ethylene and
p:opylene glycol dzaceta:es. alkyl ethers of ethylene and propylene glycol
diacetates, alkyl ethers of ethylene and propylene glycol monocacetates,
toluene, xylene and sterically hindered alcohols such as t-butanol and

The preferred solvents are water-miscible solvents such
as N-methylpyrrolidone, dimethyl sulphoxide and dialkyl ethers of glycol
acetates or mixtures of N-methylpyrrolidone and methyl ethyl ketone.

The iquéous polyurgthane dispersion is preferably prepared by
dispersing the isocyanate-terminaced pclyu;ethane prepolymer (opticnally
carried in an organic solvent medium) in an aqueous medium by utilising
the self-dispersibility of the prepolymer although free surfactant(s)
may additionally be employed if desired, and chain extending the

prepolymer with active hydrogen-containing chain extender in the aqueocus
phase.

The prepolymer may be di;pe:sed in water using.:echniques well known
in the art. Preferably, the prepolymer is added to the water with agitation
or, altermatively, water may be stirred intc the prepclymer.

The prepolymer may alsc in principle be chain extended to form the
polyurethane polymer while dissolved in o:ganic solvent (usually acetone)
followed by the addition of water to the polymer solution until water
becomes the continuous phase and the subsequent removal of the solvent by
distillation to form a purely aqueous dispersion (the well-known "acetone
process”".). However such a technique is much less preferred.

The active hydrogen-containing chain extender campodﬁd(s) which
may be reacted with the prepolymer is suitably a polycl, an aminc-alcohol, a
primary or secondary alipbatic, alicyclic, aromatic, araliphatic or

heterocyclic diamine or polyamine, or hydrazine or a substituted hydrazine.

Water-soluble chain extenders are preferred.

Water itself may be used as an indirect chain-extender because it
will slowly convert some of the terminal isocyanate groups of the prepolymer
toe amino groups and the madified prepolymer molecules will then act as a
chain-extender for the unreacted isocyanate-terminated prepolymer molecules.
However this is very slow compared to chain-extension using the above

mentioned active hydicg;ﬁ chain extenders which will provide the predominant
chaii-extension reaction if used.




Exanple 7 An aqueous di spersion according ﬁﬂ’b

i ncorporating a pol yurethane polynmer and a in-sitt forned oI efl i}

‘pol ymer

was prepared as foll ows: A pol yester pol yol | wa@ IBEB 85 sed: from
the foll owi ng conponents. !

% by wei ght PRI POL 1004 * 35 i 52.4
adi pic acid 132.1 J

1, 4- cycl ohexane di net hanol 36.5 *a G444
dimer acid (conmercially available from Unichema). - . The pol yESt er
pol yol had a hydroxyl vaI ue of 110 and an acid val ue of O:

KOH g. Yot OEnEHE FRet I%ﬁﬁde\ﬁ/gs“sﬁfébéﬁeéa‘%é&&‘lﬁenQ“EY&‘*‘E“FIe

fol | ow Ngdiffiinge diethylene triamine, triethylene tetramine, propylene diamine, z

of Prepol

r , A
reactiantsxutylene diamine, hexamethylene diamine, cyclohexylene dxagxne.

piperazine, 2-methyl piperazine, phenylene diamine, tolylene diamine,
xylylene diamine, tris (2-amincethyl) amine, 3,3-dinitrobenzidine,

4,4’ -diaminodiphenylmethane, meathane diamine, m-xylene diamine, isophorone
diamine, and adducts of diethylene triamine with acrylate or its hydrolyzed
products. Also materials guch as hydrazine, azines such as acetone azine,
substituted hydrazines such as, for example, dimethyl hydrazine,
l,6-hexame:hylene-bis;hydrazine, carbodihydrazine, hydrazides or
dicarboxylic acids’ and sulfonic acids such as adipic acid dihydrazide,
oxalic acid dihydrazide, isophthalic acid dihydrazide, hydrazides made by
reacting lactones with hydrazine such as gamma-hydroxylbutyric hydrazide,
bis-semi-carbazide, and bis-hydrazide carbonic esters of glycols.

Where the chain extende:'is other than the maodified prepolymer
molecules formed by reaction with water, for example a polyol, polyamine or
hydrazine, it may be added to the aqueous dispersion of prepolymer or,
alternatively, it may already be present in the aqueous medium when the
prepolymer is dispersed therein. ‘ )

The chain extension can be conducted at elevated, reduced or ambient
temperatures. Convenient temperatures are from about S°C to 95°C.

The total amount of chain extender material(s) employed (other than
water) should be approximately equivalent to.the free-NCO groups in the
prepolymer, the ratio of active hydrogens in the chain extender(s) to NCO
groups in the prepolymer preferably being in the range from 0.7:1 to 2.0:1
more preferably 0.8:1 to 1.7:1. Of course, when water is employed as an
indirect chain extender, these ratios will not be applicable since the
water, functioning both as an indirect chain extender and a dispersing
medium, will be présent in a gross excess relative to the free-NCO groups.

(It is evident from the foregoing that the term "polyurethane” as
used in this specification is intended to apply not only tc polymers (or
prepolymers) made by reacting only'polyisocyanates and polyols to give
urethane linkages, but also to polymers (or prepolymers) made by reacting

polyisocyanates with other types of compound, in conjunction with polyols,

i

This Sheet Has Been Re

LD
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2, 2-giwet hyl ol propionic acid 22. 40

pQI-E%(EaS above) 349. 92 54.13

BA/ N BVMA nononers in  160. 00 Ww. ratié

st aninous octoate (catal yst) 0. 40 ’

to rmake the prepol ymer was substantially as déesg . except
t hat' .t he above ingredients in the anountsitépeci fli_ed wete=er (In

partiicular, it will be noted that an acrylic ‘nonomer mXture BA/ MVN BVA
was :used in place of N-nethyl pyrrolidone). The residual: NCO group content
was found to . be 5. 210/gy%telgegg etical b NCO' OH r at unt_ of

tri et hyl anPVe8sEReE oIR8 Gt TaI4°8 gﬁtf‘f‘e“gg‘i"'tf&'{/f %?%sﬁsh%aéb%?‘bglg.e Yhlymezs|
prepalymers or polymer segments comprising other types of linkages, for
example urea or amide linkages]. _

In a further useful embodiment of the invention the aqueocus )
-polyurethane dispersion of the invention additionmally includes at least one
other pdlymet which is not a polyurethane polymer as defined above. This
other polymer(s) is preferably also in the form of collcidally d.:'.spe'rsed
particles in the dispersion, i.e. in the form of an aqueous latex.
Preferably this other polymer(s) is or :'.:i_clu_.des an addition home-or
copalymer derived from the addition polmri‘.sau‘.an (usually by a
free-radical-iniciated polymerisation pracess) of one or more
olefinically unsaturated moncmers; such a polymer is herein called ;__n -
*olefinic polymer” for convenience. Particularly preferred oclefinmic
polyﬁe:s are acrylic polymers (i.e. based predominmantly on at least one
ester of acrylic or methacrylic a..c:'.d.).

The use of other polymers in the dispersion may allow the
performance thereof to be upgraded further if required, depending oa the
particular polyurethane and other polymer(s). For example,
appropriately selected acrylic polymers may allow harder coatings to be
made. _

The polyurethame polymer(s) and olefinic polymer(s) may be
braught together by any suitable techmique.

. For example, an aqueous dispersion of the polyurethane and an
aqueous salution or disp.ers:‘.on of the glefinic polymer (or an
organic-solvent solution in a water-miscible solvent), separately
prepared, may merely be brought together with agitation.

Another possibility is to perform the preparation of the
olefinic polymer in-situ in the presence of a preformed polyurethane
aquecus dispersion. Ia such an embodiment various options are possible.
For example, all the olefinically unsaturated moncmer(s) for
Polymerisation may be added to the final, chain-extended polyurethane
dispersion and polymerised to make the alefinic polymer (all at once or
by feeding at least same of the alefinic moncmer(s) to the dispersion

during the polymerisation). In an other methad, at lLeast saome of the



31 600 g of the neutralised prepolyne "wvxzy"
811.60 g of dem neralised water, containing 14. 5'l’i,at-- ek
wat er tenperature was kept below 37[err]C, the d|spersing time we
M nut es. To this di spersion was added a fi kt 33 KEB 189791
Z hydrazine solution and 10 g of water. The tenperfature increasep
spont anepusly and the peak tenperature was maint

Finally 14.67 g of NEOCRYL AP-3014 werejpdded to}the resulting p
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yur et hane

polyner di sper si on. The incorporation of an in-Situ polynerised
olefinic polymer (in fact an acrylic polymer) was effected using the

fol'l ow ng recipe:

olefinic monomer(s) is includad in the reaction medium foz forming r.he
polyurethane prepalymer, in which case it may possibly provide at least
part of a solvent system for the prepolymer reaction (if it passesses

suitable solvent characteristics); after the chain-extension step,

the

" - olefinic monomer(s) is polymerised to form the olefinic polymer, opticnally

(but usually) in conjunction with further clefinic monomer(s) for

incorporation into the olefinic polymer, such further olefinic monomer(s)
being added all at once to_ the chain-extended polyurechane dispersion befare

starting olefinic peolymerisation, or being.all fed during the course of the

olefinic polymerisation, or some of the further olefinic monomer(s)

being

added prior to tBe-start of olefinic polymerisation and some being fed _

during the course of the polymerisation.

The preferred variant of this last-mentioned embodiment for
incorporacing olefinic polymer into the polyurethane dispersion may
particular be described in terms .af employing the following steps:

—

in

- forming a solution of an isocyanate-terminated prepolymer in at

least one clefinically unsaturated monomer,
- dispersing the solution inm an aqueous medium,
- chain extending the polyurethane, and ‘either

a) adding further olefinically unsaturated monomer, and

initiating olefinic polymerisation, or

b) initiating olefinic polymerisation and adding olefinically

unsaturated further monomer during the olefinic
polymerisation.

The polymerisation of the at least one clefinically unsaturated

monomer to form the olefinic polymer will normally require the use of an
appropriate initiator, and in particular free-radical-yielding initiators

are used for this purpaose ta initiate the olefinic polymerisation.

Suitable

free-radical-yielding initiators include inorganic peroxides such as K, Na
Or ammonium persulpbate, hydrogen peroxide, or percarbonates; organic
peroxides, such as acyl peroxides including e.g. benzoyl peroxide, alkyl

bydroperoxides such as t-butyl hydroperoxide and cumene hydroperoxide;

dialkyl peroxides such as di-t-butyl peraoxide; peroxy esters such as

t-butyl perbenzoate and the like; mixtures may alsa be used.

The peroxy
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We particularly prefer, especially when forming the olefinic polymer
in-gitu, to use an initiator system partitioning between the aqueous and
‘organic p@ases. e.g. a coambination of t-butyl hydraperoxide, i-ascorbic acid
and Fe.EDTA. The amount of initiator or initiator system to use is
conventional, e.g. within the range 0.05 to S wt Z based on the total
olefinic moncmei(s) used.

The olefinic polymerisation will also normally need to be performed
in the presence of a_siabilising andfor dispersing material. Where an
aqueous latex of the olefinic polymer is being formed, a conventional
emulsifying agent may be emplayeé (e.g. anionic and/or non-iomnic emulsifiers
such as Na salts of_dialkylsulphosuccinates, Na salts of sulphated oils, Na
salts of alkyl sulphonic acids, Na, K and ammonium alkyl sulphates, C23.24
fatty alcohols, ethyoxylated fatty acids and/or fatty amides, and Na salts
of fatty acids such as Na stearate and Na oleaﬁe: the aﬁnunt used is
usually 0.1 to SZ by weight on the weight based on the total olefinically
unsaturated monomer(s) used). It may be mentioned, however, that in the
case of forming the olefinic polymer latex in-situ, the presence of the
polyurethane polymer containing anionic and/or nonionic dispersing groups
may sometimes remove the requirement for the use of a separately added
conventional emulsifying agent since the polyurethane may itself act as an
effective dispersant for the olefinic polymerisation, although a
conventional emulsifier may be still employed if desirzed.

Examples of olefinically unsaturated monomers which may be used to
form the olefinic polymer include 1,3-butadiene, isoprene, styrene, divinyl
benzene, acrylonitrile, methacrylonitrile, vianyl halides such as vinyl
chloride, vinyl esters such as vinyl acetate, vinyl propiocnate, wvinyl
laurate, and vinyl esters of versatic acid such as VeoVa 9 and VeoVa 10
(VeoVa is a trademark of Shell), heretocyclic vinyl compounds, alkyl esters
of mong-qlefinically unsaturated dicarboxylic acids (such as di-n-bucyl



15 mnutes and 10 was added. The batch was then hea

and a
.feeGFE? 3 to 6 begun. A feed of 11 was al so begggﬁ‘q;ap i GEit$ heat ed
to 65[err]C (reaction tenperature) while f eedi ngirpReitS ti ne for
to 6 was 60 - m nut es.

The feed time for 11 was 70 m nutes. 12, 13. arjd - & Bhe batch
was kept at 65[err]C for 30 m nutes and ghen cod ' :

pol yur et hane pol ymer / acrylic polyner élspersio;.
were added in a ratio of BA/ MVA/ BVA 20/ 71. 4/ 8. 6+}

maleate and di-n~-butyl fumarate) and, in particular, esters of acrylic acid
and methacrylic acid of formumla

CHz=CR2COOR3

wherein R2 is H or methyl and R3 is optiomally substituted alkyl -or
cycloallkeyl or 1L to 20 carbon atoms (more preferably 1 to 8 carbon atoms)
examples of which are methyl acrylate, methyl methacrylate, ethyl

acrylate, ethyl met:ha.cryia.te, n-butyl acrylate, n-butyl methacrylate,
2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, isopropyl acrylate,
isopropyl met:ha'cr}l‘a:t:e, n-propyl accylate, n-propyl mechacrylate, and _
hydroxylalkyl (meth)acrylates such as hydroxyethyl acrylate, -
hydroxyethylmethacrylate 2-hydroxylpropyl methacrylate, 2-hydroxypropyl
acrylate, and their modified analogues like Tone M-100 ('roné is a trademark
of Union Carbide Corporation). Ol'efinica.lly unsaturated mongcarboxylic
and/or dicarboxylic acids, such as acrylic acid, methacrylic acid, fumaric
acid, and itaconic acid, are other examples which can be mentioned, usually
being employed to provide only a small level of copolymerised umits in the
polymer, and preferably not employed at all unless the stabilisation in the
system is wholly nonionic.

The weight ratio of polyurethane polymer(s) to olefinic polymer(s)
is suicably in the range of from 99:1 to 20:80, and more preferably 95:5 to
30:70.

It may further be mentioned that the above-described techniques for
incorporating olefinic polymers into aqueous polyurethane dispersions are
not in themselves new and have e.g. been described in disclasures such as US
36847359, US 31705164, EP 030911 and EP 0308115, reference to which is
incorporated herein. _

The aqueous dispersions of the invention typically have a solids
content of from about 20 to 60Z by weight, more u..sually' from 25 to 50Z by
weight.

The aquecus dispersions of the invention are particularly useful as
or for providing the primciple component of coating compositions (e.g.

protective, decorative or adhesive coating compositions) for which purpose



an acrylic polymer glass transition tenperature | ,g) B OAATRIER
cal cul ated fromthe Fox equation). The ratio of ao,:'yn eihang Mo
acrylic polyner is 50/50. Performance of Dispefs}o

ns
di spersions nade as described above were eval uatgd| u 5@@5 Wi o of test
pr ocedur‘es. Doubl e Rub Tests (Sol vent Resi stanfe The {doubl e
rub resistances were neasured as follows. An 80- lO coating
is cast on a glass plate and the.coating2os subskg deiod ford 16-18
hours at 52[err]C. After cooling to roomterrperature the coating is rubbed

to and fro (double rubs) with a rag soaked in sol vent (et hanol EtOH or
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ef fect thite svppided nimmofe 208cehnrbked rfghs byr evapmrﬁgxmdf arater and/ar arganic
components of the liquid medium. As coating compositions, they may be

applied to a variety of substrates including wood, metals, stone, concrete,

glass, cloth, leather, paper plastics, foam and the like, by any
conventional method including brushing, dipping, flow coating, spraying, and
the like. The aqueous carrier medium is removed by natural or accelerated
(by heat) drying to form a coating. The compositions may contain other
conventional ingredients including crganié sglvents, pigments, dyes,
emulsifiers, su;factauts. chickeners, heat s:abzlise:s. levelling agents,
anti-cratering agencs, fillers, sedimentation inhibitors, UV absorbers,
‘antioxidants and the like introduced at any stage of the production pgocess
or subsequently. It is possible to include an amount of antimony oxide in
the dispersions to enhance the fire retardant properties.

If desired the aquecus d;spé:sion of the invention can be used in
combiration with other polymer dispersions or solutions which are not
according to the invention.

S The present invention is now illustrated by reference to the

- following examples. Unless otherwise specified, all parts, . percentages and
ratios are on a weight basis.

Example 1

An aqueous polyurethame polymer dispersion according to the
invention was prepared as follows.

A polyurethane prepolymer was f£irst prepared using the following
recipe: '
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Z of Pregolzger
grams reactants

DESMODUR W* 414.00 46.00
2,2-dimethylol propionic acid 5Q.40 5.60
PRIPLAST 3192+%* 397.74 46.19
1l,4~-cyclohexane dimethanol 37.86 4.21
N-methyl pyrollidope 300.00
stannous octoate (catalyst) . . 0.36

* 4.&'-&iﬁ§clahexylmethane diisocyanate (commercially
available).

** a commercially available polyester polyol from Unichema based
.on a C-36 dimer acid and 1,6-hexanediol.

The above-mentioned ingredients (apart from the stannous octoate)
were charged to a reactor and heated, under dry nitrogen; to 50°C. Half of
the stannous octoate was added. The reaction mixture was heated to 80-85°C
and kept'at this temperature for 30 minutes. The remaining half of the
stannous octoate was added to the reactor and the reaction mixture was held
at 80-85°C for a further 60 minutes. The residual NCO group content was
found to be 4.69Z (theoretical S.24Z; NCO/OE ratio 1.9).

The reaction mixture was cooled down to 65°C and 32.58 g
triethylamine (TEA) was added to neutralise the carboxyl groups.

The resulting prepolymer was dispersed into 999.70 g demineralised

. water (at 28°C) containing 25.72 g of AKYPOROX OP~2$0-V nonionic surfactant

and 6.17 g of NEOCRYL AP-2860 antifoam. (AKYPOROX and NEOCRYL are
registered trade marks). The time to disperse the polymer was 60 to 70
minutes, with the water temperature being kept at 28-32°C.

After having dispersed the prepolymer intc the water, a solution
containing 33.76 g of 64Z hydrazine sclution and 40.01g of demineralised
water was added to effect chain-extension in the aqueous phase.
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test chart (form 2C available fromthe Leneta ‘Conmpan
20 mnutes at roomtenperature. The test chart is pla e
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the filmis not affected at all. The fil mappearance is :assessed tw ce:
first imediately after the test liquid is renoved (b), secondly after four
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water has. &OOltgydlgC}gr fd.gng r;t%ldg averrrgg-sadt m.nutes. (SURFYNOL and AERQSQL arce
 registered trademarks). 6.17 g of NEOCRYL AP-2860 were added and the
mixture stirred for 10 minutes. '
An aqueous polyure:hane polymer dispersion according to the

invention was prepared as follows.

A polyurethane prepolymer was first prepared using the following

E@o@e%et

recipe: . =-
Z of Pregolvymer
~ gramsg ceactants

DESMODUR. W _ 314.94 49.21
2,2-dimethylol propicnic acid 22.40 3.50
PRIPLAST 3192 241.76 37.78
1,4-cyclohexane dimethanol 60.89 9.52
N-methyl pyrallidone (NMP) 160.00

stannous octoate (catalyst) 5 0.40

The abave-mentioned ingredients (apazt from the stannaus gectaeate)
were charged to a reactor and heated, under dry nitrogen, to 6§0°C. Half the .
amount of stannous octcate was added. The reaction mixture was heated to
90-92°C and kept at this temperature for 60 minutes. The remaining half of
- the stannous octoate was added to the reactor, and the reaction mixture was
held at 90-92°C for another 60 minutes. The residual NCO group content was
found to be 4.96Z (theoretical S$.20Z; NCO/OH ratic 1.70Q).
The reaction mixture was cooled dowm to 65°C and 16.90 g
triethylamine was addad to neutralise the carboxyl groups.
500 g of the neucralised, MMP - containing prepolymer were dispersed
iato 673.37 g of demineralised water containing 11.75 g ANTAROX C0-630 (a
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The results are shown in the follow ng tables-1, 2 and 3.
nonionic emulsifier; ANTAROX is a registered trade mark of Rhome Poulenc).
The water temperature was kept below 37°C; the dispersing time was 70
minutes.

A mixture containing 13.50 g of 63.057 hydrazine solution and 10 g
water was added to effect chain-extension. The temperature increased
spontanecusly and the peak temperature wﬁs maintained for 10 minutes before
cooling. Finally, 11.75 g of NEOCRYL AP-301l4 were added to the resulting
polyurethane polymer dispersion.

Example 3

An aqueous polyurethane polymer dispersion according to the

invention was p:epa:ed as follaws.

A polyester polyol was synthesised from the following -
components:

Z by weight
PRIPOL 1009 * 27
adipic acid _ , 27
1,4~-cyclohexane dimethanol 47

* a C-36 dimer acid (commercially available from Unichema).

The polyester polyol had a hydroxyl value of 113 mg KOH/g
(theoretical 120) and an acid value of 0.34 mg KOH/g.

A polyurethane prepolymer was prepared using the following

recipe:

Z of Prepolymer

rams Zeactants
DESMODUR W 242.65 37.91
2,2-dimethylol propionic acid 122.40 3.50
Polyesterpolyol (as above) - 374.95 58.59
N-methyl pyrollidone 160.00

stannous octoate (cartalyst) 0.40
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The above-mencicned.ingredien;s (apart from the stannous octoate)
were charged to a reactor and heated, under dry nitrogen, to 60°C. Half of
the amount of stannous octoate was added. The reaction mixture was heated
to 90-92°C and kept at this temperature for 60 minutes. The remaining half
of the stannous octoate was added to the reactor and the reaction mixture
held at 96-92°c for another 60 minutes. The residual NCO content was found
to be 3.61Z (theoretical 4.00; NCO/OE ratio 1.70).

' The reaction mixtuge was cooled to 65°C and 16.90 g triethyiamine
added. _ .

300 g of the resulting neutralised prepolymer were dispersed into
670.87 g of deminéralised water containing 12.14 g ANTAROX CO-630. The
water temperature was kept below 37°C; the dispersing time was 105 minutes.

A mixture containing 9.83 g of 63.05Z hydrazine solution and 10 g

water were added to effect chain-extension. The temperature increased

spontaneously and the peak temperature maintained for 30 minutes before
cooling. Finally, 12.43 g of NEOCRYL AP-3014 were added to the resulting
polyurethane polymer dispersion.

Example &

An aqueous polyurethane polymer dispersion according to the
invention was prepared as follows.

A polyester polyol was synthesised from the following
components :

Z by weight
PRIPOL 1009 68
1l,4-cyclchexane dimethanol 32

The polyester polyol had an hydroxyl value of 116 mg KOH/g
(theoretical 120) and an acid value of 0.45 mg KOH/g.
A polyurethane prepolymer was prepared using the following recipe:
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Z of Prepolymer
grams reactants

DESMODUR W h 253.3¢ 39.36
2,2-dimethylol propionic acid 25.60 4.00
Polyesterpolyol (as above) 363.66 56.67
N-methyl pyrollidone 160.00
stannous octoate (gatalyst) 9.40

The above-mentioned ingredients (apart from the stannous octoate)
were charged to 2 ‘reactor and heated, under dry nitrogen, to 60°C. Half of
the amount of stannous octoate was added. The reaction mixture was heated
to 90-92°C and kept at this temperature for §0 minutes. The remaining half
of the stamnous octoate was added to the reactor and the reaction mixture
held at 90-92°C for another 60 minutes. The residual NCO content was found
to be 3.907 (theoretical 4.21; NCQ/OE ratio 1.70).

The reaction mixture was cooled to 65°C and 19.31 g triethylamine-
added. 550 g of the resulting neutralised prepolymer were disﬁe:sed into
735.14 g of demineralised water containing 12.93 g ANTAROX C0-630 and 13.32
g of the NEOCRYL AP-3014. The water temperature was kept below 37°C; cthe
dispersing time was 120 minutes. '

| A mixture containing 11.64 g of 63.05Z hydrazine solution and 10 g
water were added to effect cﬁain-extension. The temperature increased

spontaneously and the peak temperature maintained for 30 minutes before
caoling.

Example S

An aqueous dispersion according to the invention incorporating a

polyurethane polymer and an in-situ formed olefinic polymer was prepared as
follows.
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A polyester polyol was synthesised from the following components:

Z_by weight
PRIPOL 1009 . 49
adipic acid 12
1.4-cyclohezahe dimethanol 39

The polyester polyol had a hydroxyl value of 113 mg KOH/g and an
acid value of 0.47 g KOH/g.

A polyuiﬁﬁﬁane prepolymer was prepared according to the following
recipe: '

Z of Prepolymer

rams ceactants
DESMODUR W 508.45 42.37
2,2-dimethylol propionic acid 42.00 3.50
.Polyeste: polyol (as above) 649.55 54.13
N-methyl pyrollidone 300.00

stannous octoate (catalyst) - 0.70

The procedure followed to make the prepolymer was substantially as
described in Example 2, except that the above ingredients in the amounts
specified were employed. The residual NCO group content was found to be
5.01Z (theoretical S5.43; NCOQ/OH ratio 2.0). The amount of triethylamine
used to neutralise the carboxyl groups was 31.68 g.

600 g of the neutralised prepolymer were dispersed into 811.38 g of
demineralised water, containing 14.67 g ANTAROX €0-630. The water
temperature was kept below 37°C; the dispersing time was 60 minutes.

To this dispersion was added a mixture of 16.11 g of 64.05 Z
hydrazine solution and 10 g of water. The temperature increased
spontaneously and the peak temperature was maintained for 10 minutes.
Finally 14.67 g of the antifoam AP-3014 were added to the resulting
polyurethane polymer dispersion.



A pol yester polyol was synthesised fromthe follow ng &
% by wei ght PRI POL 1004

aci d 11.1 1, 4-cycl dhdg

36.5 . . The pol yester polyol had a hydroxyl valj bH/ g
and an aeid-vaj ue of 0.4 ng KOH g. A pol uretha

prepared according to the follow ng recLPe:

gr ans % of prepol yner

reactants Desnmodur W . : 3063 45. 06
2, 2-di met hyl ol propionic acid 30.6 * 4.50 pol yester

pol yol (as abovE&)e incorporation 084@, GR-situ polymerﬁ(édMeﬁiniclrwlmrBAiM\/N BVA
MONONMEr S gbfe an acrylid bdiGméty wadlddFellld hsfdP he following recipe.

rams
1. polyurethane dispersion (as above) ' 355.7
2.  water (demineralised) 115.63
3. n-butyl acrylate (BA) 22.87
4. methyl methacrylate (MMA) 81.62
3. n-butyl methacrylate (BMA) 9.88
6. N,N-dimechylethanolamine (DMEA) 0.11
7. t-butyl hydroperoxide (3.5Z in demin. water) §.27 =
8. i-ascorbic acid (12 in demin. water) 7.09
9. Fe EDTA (1Z in demin. water) _ 1.21
10. t-butyl hydroperoxide (3..52 in demin. water) 28.43
11. i-ascorbic acid (1Z in demin. water) 28.60
12. t-butyl hydroperoxide (3.5Z in deﬁu‘.n. water) 0.28
13. i-ascorbic acid 0.27
14. Fe EDTA (1Z in demin. water) ’ 0.07

The polyurethane dispersion (1) was diluted with the demineralised
water (.2). 202 (w/w) of 3 to 6 were added and the mixture heated to 35°C
and kept at this temperature for 1 hour. 7 was added followed by 8 and 9.
The temperature rose to about 40°C. The peak temperatiure was maintained for
15 minutes and 10 was added. The batch was then heated to 50°C and a feed
of the remaining 80X of 3 to 6 begun. A feed of 1l was also begun. The
batch was heated to 65°C (reaction temperature) while feeding. The total
feed time for 3 to 6 was 60 minutes. The feed time for 11 was 70 minutes.
12, 13, and 14 were added. The batch was kept at 65°C for 30 minutes and
then coocled to yield the aqueous polyurethane.polymer [/ acrylic polymer
dispersion.

The monomers were added in a ratioc of BA/MMA/BMA 20/71.4/8.6 to give
an acrylic polymer glass transition temperature (Tg) of S0°C (as calculated

from the Fox equation). The ratioc of polyurethane polymer / acrylic polymer
is 50/s0.
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Example 6

An aqueous dispersion according to the invention incorporating a

polyurethane polymer and a in-situ formed olefinic polymer was prepared as
follows:

The polyurethane polymer dispersion was prepared according to
the following recipe:

Z of Prepolymer

] rams reactants
DESMODUR W 300.72 53.70
2,2-dimethylol propionic acid 19.6 3.50
PRIPLAST 3192 191.44 34.19 -
1,4-cyclohexane dimethanol - 48.24 8.61
N-methyl py:éllidone 140.00

stannous octoate (catalyét) 0.390

The procedure followed to make the prepolymer was substantially as
described in Example 2, except that the above ingredients in the amounts
specified were employed. The residual NCO group content was found to be
6.68Z (theoretical 6.89; NCO/OH ratio 2.0). The amount of triethylamine
used to neutralise the carboxyl groups was 14.79 g. '

" 600 g of the neutralised prepolymer were dispersed into 815.77 g of
demineralised water, containing 14.57 g ANTAROX C0-630. The water
temperature was kept below 37°C; the dispersing time was 75 minutes.

To this dispersion was added a mixture of 21.67 g of 63.48 X
hydrazine solution and 10 g of water. The ﬁempe:atu:e increased
spontaneously and the peak temperature was maintained for 10 minutes.
.Finally 14.81 g of NEOCRYL AP~301l4 were added to the resulting
polyurethane polymer dispersion.

The incorporation of an in-situ polymerised olefinic polymer (in
fact an acrylic polymer) was effected using the following recipe:



neutral i se the carboxyl ‘groups was 23.09 g. ? gt 'f}jj"'"

neutral i sed prepol yner were dispersed into "‘ﬁ.: <Ot .dem:neral sed water,
containing 18.11 g ANTAROX CO- 630 and 18.1 g Ne &é&g@% he wat er
tenperature was kept below 35[err]C, the dispef ‘50 nut es.

i ' i ' Lgfiof 63. 2% hydriazi ne
solution and 25 grans of water. The tenygraturé¢ gased spont aneously and
t he peak tenperature was maintained for 10 m ngt es—HE-atty:: 1434 g of _
dem neral i sed water were added to the dispersion. . The incorporation
of an in-situ polynerised olefinic polymer (in fact an acrylic polynmer) was
effected using the foll owm ng recipe:

grans 1. pol yur et hane di sper'sion (as above) grams 500. 00 2.
wat er (dem neralised) 51. 04 3. BA
5.73 4. 20. 45 5.
BVA - 1. polyurethane dispersion (as above) 2.486@80.00 DVEA
0.07 7. 21 - budedr _haéi{,_gggﬂq;ggdg (3.5%in demn. water)gz.77 10.4 8.
i -ascorbic a:g‘:l d Sx]b r.yi acnﬂte (\Qgser) 11.75 18.95

4. methyl methacrylate (MMA) 138.98

5. n-butyl me:hacrylate (BMA) 16.83

6. N,N-dimethylethanolamine (DMEA) . 0.18 -

7. t-butyl hydroperoxide (3.5% in demin. water) 10.68

8. i-ascorbic acid (1Z in demin. water) 12.07

9. Fe EDTA (1Z in demin. water) 2.07 -

10. ct-butyl hydroperoxide (3.5Z in demin. water) 48.41

11l. i-ascorbic acid (12 in demin. water) 48.69

12. t-butyl hydroperoxide (3.5Z in demin. water) 0.47

13. i-ascorbic acid 0.47

14. Fe EDTA (1Z in demin. water) 0.12

The polyurethane dispersion (1) was diluted with the demineralised
water (2). 20Z (w/w) of 3 to 6 were added and the mixture heated to 35°C
and kept at this température for 1 hour. 7 was added followed by 8 and 9.
The temperature raose to about 40°C. The peak temperature was maintained for
15 minutes and 10 was added. The batch was then heated to S0°C and a feed
of the remaining 802 of 3 to 6 begun. A feed of 11 was also begun. The
batch was heated ta 65°C (reaction temperature) while feeding. The total
feed time for 3 to 6§ was 5§0 minutes. The feed time for 11 was 70 minutes.
12, 13, and 14 were added. The batch was kept at 65°C for 30 minutes and
then coocled to yield the aqueous polyurethane ﬁolymer { acrylic polymer
dispersion.

The monomers were added in a ratio of BA/MMA/BMA 20/71.4/8.6 to give
an acrylic polymer glass transition temperature (Tg) of 25°C (as calculated

from the Fox equation). The ratio of polyurethane polymer / acrylic polymer
is 50/50.
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demi neralised water (2). The batch was heated fo.35[lerr1C 7 wagd added
followed by 8 and 9. The tenperature rose to about 47lerr|cC The peak
t enper at ur eg: 185 ntained for 15 mnutes and 10 was added. The batch was
t hen heat ed %o S0[err]C and . a feed of 3 to 6 be A feed of 11 was al so
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polyurethane polymer and a in-situ formed olefinic polymer was prepared as

follows:

A polyester polyol was synthesised from the following components.

Z by weight
PRIPOL 1004 * . 52.4
adipic acid _ ' 11.1
1,4-cyclohexane dimethanol ' 36.5

* a C-44 dimer icid-(commercially available from Unichema).

The polyester polyol had a hydroxyl value of 110 mg KOH/g and an
acid value of 0.2 mg KOH/g.

A polyurethane prepolyme£ was prepared according to the following

recipe:
Z of Prepolymer
rams reactants
DESMQDUR W 267.68 41.82
2,2-dimethylol propionic acid 22.40 3.50
Polyester polyol (as above) 349.92 54.13

mixture of BA/MMA/BMA monomers in 160.00
wt. ratio 20.00/37.51/42.49

stannous octoate (catalyst) ' ‘0.40

The procedure followed to make the prepolymer was substantially as
described in Example 2, except that the above ingredients in the amounts
specified were employed. (In particular, it will be noted that an acrylic
monomer mixture BA/MMA/BMA was used in place of N-methylpyrrolidone). The
residual NCO group content was found to be 5.21Z (theoretical 5.39; NCO/OE
‘ratio 2.0). The amount of triethylaminé used to neutralise the carboxyl
groups was 16.90 g.
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re
added. The batch was kept at 65[err]C for 30 mnutes anh gﬂ%;@%ﬂﬁbid qg
yiel d the aqueous pol yurethane polymer/acrylic poly
The nononers-werge, added in a ratio of BA/ MVW BVA 20/ 7. &t8—6—te—gi-ve far
acrylic polyner glass transition tenperatyre (Tg) of O[err]C (as
cal cul ated fromthe Fox equation). The ratio of pol yurethane
pol ynmer/acrylic polynmer is 70130. Exanpl e 9 "An aqueous
di spersion according to the invention incorporating a pol yur et hane pol yner
and an in-situ fofifed of ahrmentgalise preolpreaprena] dispdasiel ointo 811.60 g ofhe

same aqueodsnil- Y KkNae Ji SRRESAM 38,5 gPAMRRok RoE¥ P! 8l vater
temperature was kept below 37°C; the dispersing time was 70 minutes.
' To this dispersion was added a mixture of 16.91 g of 63.42 Z
hydrazine solution and 10 g of water. The temperature increased

spontaneocusly and the peak temperature was maintained for 10 minutes.
Finally 14.67 g of NEOCRYL AP-3014 were added to the resulting
polyurethane polymer dispersion.

The incorporation of an in-situ polymerised __olefinic polymer (in
fact an acrylic polymer) was effected using the following recipe:

-
. .
hd -

rams -
1. polyurethane dispersion (as above) 700.00
2. water (demineralised) ' 320.47
3. n-butyl acrylate (BA) 34.65
4. methyl methacrylate (MMA) 123.65
5. n-butyl methacrylate (BMA) 14.97
6. N,N-dimethylethanolamine (DMEA) ] 0.17
7. t-butyl hydroperoxide (3.5Z in demin. water) 15.37
8. i-ascorbic acid (LZ in demin. water) 17.38
9. Fe EDTA (1Z in demin. water) 2,98
10. t-butyl hydroperoxide (3.5Z in demin. water) 57.00
11L. i-ascorbic acid (1Z in demin. water) 57.33
12. t-butyl hydroperoxide (3.5X in demin. water) 0.56
13. i-ascorbic acid (1% in demin. water) . 0.55
14. Fe EDTA (1Z in demin. water) 0.14

The polyurethane dispersion (1) was diluted with the demineralised
water (2). The batch was heated to 35°C. 7 was added followed by 8 and 9.
The temperature rose to about 40°C. The peak temperature was maintained for
15 minutes and 10 was added. The batch was then heated to 50°C and a feed
of 3 to 6 begun. A feed of 1l was alsoc begun. The batch was heated to 65°C

(reaction temperature) while feeding. The total feed time for 3 to 6 was 60



(i.e. before incorporation of the olefinic polynmer)
exanpl e . The incorporation of an in-situ pghy
polymer (in fact an acrylic polyner) was effected usih
reci pe:

= e =

pol yur ét hane di spersion (as above) 500. 00

(demi neralised) ° : . %73.89 3

23.48 4. MVA 3 7§
BVA 10. 1478 DVEA
0.16_7. t-butyl hydroperoxide (3.5%in demn. water) . 10.4 8..

i -ascor bi pimcied. ( Iiei feadcride faAtXlr jas 70 minutes. 1127513, and 14 Wwerd=Bdded.| %

in dem n. t or £ : - I A r.axi de
(3.5%in %b%!&é?/vawtagr ept §§.665 El.for 302‘1”'%5?%% t"ldcthaletg‘l g&l%l)lé&o P%(y g?n@nt. éwat er)
38. 83 12. aquecus. pokyprethane oprdiyBRF de 2687 E% polumeri ¢ispapdiom) 0.38 13.

i -ascorbic aci d {HeinbRoktR Y WereV@Eddd in a ratio of BONBK/EMh 20/71f5¢s FDLA il
i n dem-n. matega. . .0.09
" an acrylic polymer glass transition temperature (Tg) of 50°C (as calculated

from the Fox equation). The ratio of polyurethane polymer / acrylic polymer
is so/so. ' '

Performance of Dispersions

The disﬁérsions made as described above were evaluated using a
variety of test procedures. -

Double Rub Tests (Solvent Resistance)

The double rub resistances were measured as follows. An 80-100 pm
wet film coating is cast on a glass plate and the coating is subsequently
dried for 16-18 hours at 52°C. After cooling. to room temperature the
coating is rubbed to and fro (double rubs) with a rag soaked in solvent
(ethanol EtOH or methyl ethyl ketone MEK) until the film fails (i.e. the
substrate is showing through), the result being quoted as the number of .
double rubs to effect this. A maximum of 200 double rubs are performed and
if the substrates still not showing though, the result is rated as follows :

200 (0/S): film failed

200 (1/5): _ film is severely affected
200 (2/5): film is affected

200 (3/5): ~ £ilm is slightly affected
200 (4/5): film is hardly affected

200 (5/S5): © film is unaffected



39 The pol yuret hane di spersion (1) was d
dem neralised water (2). The batch was heated to 35[ ¢
followed by 8 and 9. The tenperature rose to about 44 g
tenperatur,e was mnaintained for 15 m nutes and 10 was §jadded—H
then heated to 50[err]C and a feed of 3 to 6 begun. A
begun. The batch was heated to 65[err] gs(reaction ternpgers
feeding. The .total feed time for 3 to 6 was 60 m nutes. The feed time for
11 was 70 minutes. 12, 13 and 14 were added. The batch vias kept. at
65[err]C for 30 n1nutes and then cooled to yield the aqueous pol yur et hane

pol yrrer/sganthﬂgEgﬂﬂtaﬂd:&Pr §oBfents and othekhEiq@®@aoners were added in a
ratio of BA/ MVAW BMA 20/ 71.4/8.6 to give

These were measured as follows. A 100 pm wet £ilm is applied onto a
Leneta Opacity test chart (form 2C-available from the Leneta Company, USA)

‘and dried for 20 minutes at room temperature. The test chart is placed in

an oven at 52°C for 64 hours. The test chart is conditioned at room
temperature for 8 hours. The test liquids are placed on the coated test
chart for 16 hours. The spaots are removed and the film undermeath assessed.
A rating of 0 means that the film is severely damaged by the test liquid; 5
means that the fi}m is not affected at all. The film appearance is assessed
twice: first immediately after the test liquid is removed (b), secondly
after four hours of recovery (a). | it

. The liquids used for testing were water, ethanol (EtOH), coffee,
"Andy" (a commonly-used liquid detergent in Holland). A "hot pan® spot
test was also used in which demineralised water is placed on the coating and
immediately afterwards a beaker with hot water (100°C) is placed on the
water spot. The beaker is removed after the water has cooled down to
-ambient temperature.

Marking Tests

Coatings are made as for the spot tests. The coated test chart is
marked with a felt pen, a ballpoint pen, shoe polish or lipstick. Removal
of the mark is attempted using a rag soaked in EtOH. A rating of 0 means
that the film is severely daﬁaged of stained (i.e. the mark is not easy to
remove); 5 means that the film is unaffected (i.e. the mark is easy to
remove and causes no staining or damage). As with the spot tests, the film
appearances is assessed immediately after the attempt to remove the mark °
(b), and four hours after the attempt to remove the mark (a).

The results are shown in the following tables 1, 2 and 3.



an acrylic polynmer glass transition tenperature (Tg) g -
cal cul ated fromthe Fox equation). The ratio of polyurﬁfﬂ-
pol ymer/acrylic polyner is 50/50. Exanpl e 10

and an in- situ forired ol efinic polyner was prépared as|
The sane ‘aqueous pol yuret hane di spersion as paaepared il Expre=s=
before incorporation of the olefinic polynmer) was used
The incorporation of an in-situ polynerised ol efinic pbf:
“acrylic polyner) was effected using the follow ng recipe:
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13. I -ascorbic acid (1%in demn. water) MACEMMT SHBBT " Fe
EDTA (1% in dem n. water) 0.232 § ~~TThe
pol yur et hane di spersion (1) was diluted with the demjindr afji ri(
The batch was heated to 35[err]C. 9.5% of the neutralli egﬁ%ﬁ%ﬁﬁﬁﬁ( B -
were added to the polyurethane dispersion. 'The batch :
for 30 mnutes. 7 was added followed by 5-and 9. T
about 47[err]C. The peak tenperature was nmaintai ned
was added. The batch was then heated to 50[err]C and a feed of 3 to 6

begun. A feed of 11 was al so begun. The batch was heated to 65[err]C

(reaction tenperatwis)sedn tisad ekelidigperfidnsotfilthé cagedtivn dve géneéxrldywas 60

mnutes. T iy r 7 ' r e The
bat ch vas FaepttaPLe CpethrhctCho Rl bBciBborige thiad I olde P uf G40 fune
aqueous pokpsrebavhcupetiorepsrforpaace-pol yner di spersion. The
nononers were added in a ratio of BA/ MVA/ BVA 20/71.4/8.6 to give an acrylic
pol ymer- gl ass transition tenperature (Tg) of 50[err]C (as calculated from

the Fox eqEERRH=2 The ratio of pol yurethane pol ymer/acrylic polynmer is
- 30/ 70.

An aqueous dispe:sidn according to the invention incorporating a
polyurethane polymer and an in-situ formed olefinic polymer was prepared as
follows. '

A polyester polyol was synthesised from the following components.

Z by weight -
PRIPOL 1004 2.4
adipic acid ) ' 11..1
1.4-cfclohexane dimethanol 36.5

The polyester polyol had a hydroxyl value of 116.16 mg KOH/g and
an acid value of 0.4 mg KOH/g.

A polurethane prepolymer was prepared ;ccording to the following

recipe:

grams 2 of prepolvmer

reactants

Desmodur W 306.43 45.06
2,2-dimethylol propionic acid 30.8 4.50
polyester polyol (as above) _ 342.97 . 50.44
mixture of BA/MMA/BMA monomers in 170.00
wt. ratio 20/71.4/8.8
stannous octoate (catalyst) 040

The procedure followed to make the prepolymer was substantially as
described in Example 2, except that the above ingredients in the amounts

specified were employed. The acrylic monomers were stabilised with 0.1Z by



41 Performance of Dispersions of Exanples 8. 9 REHLAGENE%H‘SHEETrhe

di spersion of Exanples 8, 9 and 10 were eval uated ugi fig tne Doopre Rup Test
(sol vent resistance) as described above and al so usi

(resistance fo solvents and other liquids), also as pX cept
that, prior to conditioning at roomtenpggature for chart
was placed in an oven at 70[err]C for 16 hours inst¢ for
64 hours as before).

weight of Ionol CP. The residual NCO group content was found to be 5.752
(theqretical 5.78Z; NCO/OH ratio 2.Q0). The amount of triethylamine used to
neutralise the carboxyl groups was 23;09 g

750 g of the neutralised prepolymer were dispersed into 979.96 g of
demineralised water, containing 18.11 g ANTAROX C0-630 and 18.1 g NeoCryl
AP-3014. The water temperature was kept below 35°C; the dispersing time was
50 minutes.

To this dispersion was added a mixture of 23.3 g of 63.27 hydrazine
solution and 25 grams of water. The temperature increased spontaneously and
the peak temperature was maintained for 10 minutes. Finally 113.4 g of
demineralised water were added to the dispersiom.

The incorporation of an in-situ polymerised olefinic polymer (in
fact an acrylic polymer) was effected using the following recipe:

rams
L. polyurethane dispersion (as above) S00.00
2. water (demineralised) 51.04
3. BA 5.73
4. MMA ' 20.45
S. BMA. 2.48
5. DMEA ' 0.07
7. t-butyl hydroperoxide (3.5Z in demin. water) 10.4
8. i-ascorbic acid (1Z in demin. water) 11.75
9.  Fe EDTA (1% in demin. water) 2.01
10. t-butyl hydroperoxide (3.5 in demin. water) 16.54

11, i-ascorbic acid (12 in demin. water) 16.64
12. t-butyl hydroperoxide (3.5Z in demin. water) 0.16
13. i-ascorbic acid (1Z in demin. water) 0.15

14. Fe EDTA (1Z in demin. water) - 0.04

The polyurethane dispersion (1) wﬁs_diluted with the demineralised
water (2). The batch was heated to 35°C. 7 was added followed by 8 and 9.
The temperature rose to about 47°C. The peak temperature was maintained for
15 minutes and 10 was added. The batch was then heated to 50°C and a feed
of 3 to 6 begun. A feed of 11 was also begun. The batch was heated to 6§5°C



The results are shewn in Table 4. ' ﬂl YENT SHEET
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(reaction temperature) while feeding. The total feed time for 3 to 6 was 60
minutes. The feed time for 11 was 70 minutes. 12, 13 and 14 were added.
The batch was kept at 65°C for 30 minutes and then cooled to yield the
aqueous polyurethane polymer/acrylic polymer dispersion.
The monomers were added in a ratio of BA/MMA/BMA 20/71.4/8.6 to give
 an acrylic polymer glass transition temperature (Tg) of 50°C (as calculated

from the Fox equation). The ratio of polyurethane poljme:[acrylic polymer
is 70/130.

Example 9

- -
. -

An aqueous dispersion according to the invention incorporating a
pelyurethane polymer and an in-situ formed olefinic polymer was prepa:;& as
follows.

The same aqueous pclyureth;ne dispersion as prepared in Example 8
{i.e. before incorporation of the olefinic polymer) was used in this
example. _

The incorporation of an in-situ polymerised olefinic polymer (in
fact an acrylic polymer) was effected ﬁsing the'following recipe:

Grams
1. polyurethane dispersion (as above) $00.00
2. water (demineralised) 173.8%
3. BA 23.48
4. MMA 83.78
3. BMA : 10.14
5. DMEA - ' 0.16
7. t-butyl hydroperoxide (3.5X in demin. water) 10.4
8. i-ascorbic acid (12 in demin. water) 11.75
9. Fe EDTA (1Z in demin. water) 2.01
10. t-butyl hydroperoxide (3.5Z in demin. water) 38.6
iL. i-ascorbic acid (1% in demin. water) 38.83
12. t-butyl hydroperoxide (3.52 in demin. water) 0.38
13. i-ascorbic acid (12 in demin. water) 0.37

14. © Fe EDTA (12 in demin. water) 0.09
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The polyurethane dispersion (1) was diluted with the demineralised
water (2). The batch was heated to 35°C. 7 was added followed by 8 and 9.
The temperature rose to about 45°C. The peak temperature was maintained for
15 minutes and 10 was added. The batch was then heated to 50°C and a feed
of 3 to 6 begun. A feed of 11 was also begun. The batch was heated to 65°C
(reaction temperature) while feeding. The total feed time for 3 to 6
was 60 minutes. The feed time for 11 was 70 minutes. 12, 13 and 14 were
added. The batch was kept. at 65°C for 30 minutes and then cooled to yield
the aqueous polyurethane polymer/acrylic polymer dispersion.

The monomers were added in a'ratio.Bf BA/MMA/BMA 20/71.4/8.6 to give
an acrylic polymer glass transition temperature (Tg) of 50°C (as calculated

from the Fox equation). The ratic of polyurethane polymer/acrylic polymer
is 50/50.

Example 10

An aqueous dispersion according to the invention incorporating a
polyurethane polymer and an in-situ formed olefinic polymer was prepared as
follows. ' |

The same aqueocus polyurethane dispersion as prepared in Example 8
{(i.e. before incorporation of the clefinic polymer) was used in this
example. _ ' '

The incorporation of an in-situ polymerised olefinic polymer (in
fact an acrylic polymer) was effected using the following recipe:



(A) "an isocydnat e-term nated pol yuret hane prepoi ymer ararer:

reactants which conpri se: (1) at least one o il ) te,
(ii) at least one pol yesterpol yol which incorporatesipdty '

units derived froma diner acid, C(iii) at |eagt on@éf@@@?],

| socyanat e-reactive and/or diisocyanate coppound i provi diin
noni oni ¢ and/ or ionic dispersing groups of.Qgroups T —— age
subsequent|ly converted-to such di spersing groups and wher ¢i n.
(iv) said prepolyner also incorporates polynerised unts—of—one or

nore.of the followng : at |east one cycloaliphatic polyol.- of

mol ecul ar wei ght bel ow 400, at |east one cycloaliphatic grgams

pol yaci d of nol ecul ar i ght, .bel ow 400, at | east one aromgt].C
pol yol of {YDI eculRH-THES ‘?e S BIF 598, (’:fndg‘é ®) east one $ddC o0

aromati c pdl yaci daekr ndleatndralived)ght bel ow 500 with the 439.95
proviso that any guch cycloaliphatic or aromatic polyol (s) 4gg
i ncorporated by belng used as a reactant in the synthesis o
the at | ea%t one ¥l yesterpol yol and/or by being used as s#¥¥h33
in the prepol ynergaynt hesi s, and that any cycl oal i phatic orzg. o3
aromati c pol yaci ds sé I's incorporated only or substantially

only by bang us s a reactant in the synthesis of the at 0.36

7. t-butyl hydroperoxide (3.5Z in demin water) 19.84
8. i-ascorbic acid (1Z in demin. watér)_ 22.42
- 9. Fe EDTA (1X in demin. water) ' 3.8%
10. t-butyl:hydropetoxide (3.5Z in demin. water) 90.07
11. i-ascorbic acid (1Z in demin. water) 90.59 -
12. . t-butyl hydroperoxide (3.5Z in dermin. water) .88
13. .i-ascorbic acid (1Z in demin. water) : 0.87
14. Fe EDTA (1Z in demin. waéer) 0.22

The polyurethane dispersion (1) was diluted with the demineralised
water (2). - The batch was heated to 35°C. 9.5Z of the neutralised monomers
{3-6) were added to the polyurethane dispe:sioh. The batch was kept at 35°C
“for 30 minutes. 7 was added followed by 8 and 9. The temperature rose to
about 47°C. The peak temperature was maintained for 15 minutes and 10 was
added. The batch was then heated to 50°C and a feed of 3 to 6 begun. A
feed of 11 was also begun. The batch was heated to 65°C (reaction
temperature) while feeding. The total feed-ﬁiﬁe for 3 to 6 was 60 minutes.
The feed time for 11l was 70 minutes. 12, 13 and 14 were added. The bﬁtch
was kept at 65°C for 30 minutes and then cooled. to yield the aqueous
polyurethane polymer/acrylic polymer dispersiom.

The monomers were added in a ratio of BA/MMA/BMA 20/71.4/8.6 to give
an acrylic polymer glass transition temperature (Tg) of 50G°C (as calculated

from the Fox equation). The ratic of polyurethane polymer/acrylic polymer
is 30/70.



| east one pol yesterpol yol, and

chai n- ext endi ng conpounds, which if other than wa Act i ve
hydr ogen chai n- ext endi ng conpound(s) which is use holint  such
that the ratio of active hydrogen atons in the i hg
conpound('s) to 4socyanate groups in thei1 S hai ed
prepolyner is in the range of fromO.8 1t

Performance of Dispersions of Examples 8, 9 and 10

The dispersion of Examples 8, 9 and 10 were evaluated using the
Double Rub Test (solwvent resistance) as described above and also using the
spot Test (resistance to solvents and other liquids), also as described
above (except that, prior to conditioning at room temperature for 8 hours,
the test chart was placed in an oven at 70°C for 16 héurs instead of at 52°C

for 64 hours as before).

The results are shown in Table 4.



2. Aqueous pol yur et hane pol ymer (s) di spersion wher ei n the polyurethane
polynmer(s) is in the formof an aqueous | atex. 3.
polyurethane pol ymer (s) di spersion according to either
wherein the dingr acid incorporated into the polyestery
degree of hydrogenation corresponding to an iodine valu
I[err]/100g for the diner acid. 4, Aqueous pol yurtetthane polyner(
di spersion according to any one of the precegj,ng claing retT=t=ire
hydroxyl nunber of the polyesterpolyol is wt |n the rdqnge of from 30 to
210 ng KOH g. 5. Aqueous pol yuret hane pol ynmer(s) di.spersion ac ng
to any one of the preceding clainms wherein the | evel of diner acid-derived

units in the polyesterpolyol on a weight %basis is within the range of
from25 to 75 wei ght %
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6. - Aqueous pol yurethane pol yner(s) dispersion accor|i
the preceding clains wherein said pol yesterpol yol inco
wei ght % of ' m ﬂmnom one or nore of said cyd
nmol ecul ar menlml ”]I cycl oal i phatic pol yacid of
bel ow 400, arorfatitc ol yol * of nol ecul ar_ wei ght bel ow "
pol yacid of nol ecul ar wei ght bel ow 50043 7. Aquequs polyurethane
pol ymer (s) di spersion according to any one of the preced @i n
the | evel of polyesterpolyol-derived units as a whole inm the poI yur et hane
pr epol yner,_o@laimeei ght basis is within the range of from25 to 75 weight %
8. Agtieous pol yur et hane pol ynmer (s) di spersion according to any one of

t he precedi ng clains wherein the pol yesterpol yol incorporates dinmer acid
and one or DI cAqukosdipdlpyreichand [podjmer (B|disbendionDiteceintheepallytirdhianey

400, aromatgog RO 9! ke IP BEHE Ales VB Tea AR pdEe. GECL OBI T PRALI € pol yaci d

of

oI of
Rt

(A) an isocyanate-terminated polyurethane prepolymer formed from -
reactants which comprise:

(i) at least one, organic polyisocyanate,

(ii) at least one polyesterpolyol which incorporates polymerised
units derived from a dimer acid,

(iii) at Yéast one isocyanate-reactive and/or diisocyanate compound
providing nonionic and/or ionic dispersing groups or groups
which are subsequently converted to such dispersing groupgland
wherein, )

(iv) said prepolymer also incorporaﬁes polymerised units of one or
more of the following : at least one cycloaliphatic polyol of
molecular weight below 400, at least one cycloaliphatic
polyacid of molecular weight below 400, ‘at least one aromatic
polyol of molecular weight below 500, and at least ome
aromatic polyacid of molecular weight below 500 with the
provxso that any such cycloaliphatic or aromatic polyol(s) is
anorporated by being used as a reactant in the synthesis of
the at least one polyesterpolycl and/or by being used as such
in the prepolymer synthesis, and that any cycloaliphatic or
aromatic polyacid(s) is incorporated only or substantially
only by being used as a reactant in the synthesis of the at
least one polyesterpolyocl,
aﬁd .

(B} an active-hydrogen chain-extending compound(s).

I

" A

-~



45 nmol ecul ar wei ght bel ow 400, and aromatic poly e S i ght
bel ow 500, and tThere—s—none of said cycloaliphatic

used as_su ol ymer synthesi s. 9. ugo yr et harje

pol ymer (s) m &mﬂu ing to any one of clai hs;%%%ﬁﬁz, tlhe

pol yest er palyolc i dimer acid gpd none of | cl oal i phati c

pol yol of nDIecuIar melght bel ow 400, aroratic pol ol of nolecula i ght

bel ow 500, cycloaliphatic polyacid of nol ecul ar wei -
aromatic polyacid of nolecular of weight bel ow 500, and’one or both of said
cycl oal i phatic fbdd peiydrakBsnd Poiykiq8h 428bev¥idR0+aRdin the polyurechane

polymer(s) is in the form of an aqueous latex.

3. Aqueous polyureﬁhane polymer(s) dispersion according to either
claim 1 or claim 2 wherein the dimer acid incorporated into the
polyésterpolyol has a high degree of hydrogenation corresponding to an
iodine value of below 10g I2/100g for the dimer acid.

4. Aqueous polyurechane polyher(s) dispersion according to any one of |
the preceding claims wherein the hydraxylnnﬁmbe: of the polyesterpolyol is
within the range of from 30 to 210 mg KOE/g.

5. Aqueous polyurethane polymez(s) dispersion according to any one of
the preceding claims wherein the level of dimer acid-derived units in the

polyesterpolyol on a weight Z basis is within the range of from 25 to 75
weight Z.

6. Aqueous polyurethane polymer(s) dispe:s;an according to any one of
the preceding claims wherein said polyestgrpoiyol incorporates ¢ to 55
weight Z of units derived from one or more of said cycloaliphatic polyol of
molecular weight below 400, cycloaliphatic polyacid of molecular weight
below 400, aromatic polyol of molecular weight below 500 and aromatic
polyacid of molecular weight below 500.

7. Agqueous polyurethane polymer(s) dispersion accaiding to any one of
the preceding claims wherein the level of polyesterpolyol-derived units as a

whole in the polyurethane prepolymer on a weight basis is within the range
of from 25 to 75 weight Z. '

8. Aqueocus polyurethane polymer(s) dispersion according to any one of
the preceding claims wherein the polyesterpolyol incorporates dimer acid and
one or more of said cycloaliphatic polyol of molecular weight below 400,
aromatic polyol of molecular weight below S00, cycloaliphatic polyacid of



aromati c polyol of nolecular weight below 500 is us %EHSALGE.MBNTT‘SHM
prepolymer_synthesis. 10  Aqueous pol yurethane pojynmer(s) drspgrsjon
according to any one of clainms 1 to 8 wherein the po| yestigs

i ncor por—ataﬂlﬂut j i llgﬂll one or nore of said cyclp iphat@}?g?y | Jof
nol ecul ar iEAREN pd AU aromati c pol yot: of nol ecul ' w {500,
cycl eal i phatic pol'yacid of nol ecul ar wei ghgs bel ow 400 and aromatic polfyacid
of nol ecul ar wei ght bel ow 500, and one or both of sard cycroarrpratrc :
pol yol of nol ecul ar wei ght bel ow 400 and aromati c pol yol " of nol ecul ar

wei ghit bel ow 50Q is al so used as such the prepql yng ynt hésis. , 11.
Aqueous poPYLEBLALHRLERE AP SY0% andas P‘Eﬁ?"&c&%’é?% éom%ﬁ“g% wﬁ?gjbtthgelw
precedi ng coaj mdwtdrei Ds thdte| €f akidfcydloaliphodid and tatemiddlcy HéBiohawsad as
prepol yner as. a whole is wthint range of from10 to 50 wei ght % 12.
Aqueous'polsyglr‘e’t éeepﬁgF?/lr@Ffsjﬂchlgf)’ésﬁsi on accordi ng any one of the
preceding clainms wherein the level in the polyurethane prepolyner as a

whole of u.ts daghyefs bEfR-AtRad pBTAR-PE) A2kfLrSYG WRELAIRY' Co RAyYAle 6f
claims 1 to 8 wherein the polyesterpolyol incorporates dimer acid and none
of said cycloaliphatic polyol of mnlecular-weight below 400, aromatic polyol
of molecular weight below 300, cycloaliphatic polyacid of molecular weight
below 400, and aromatic éolyacid of molecular of weight below sob, and one
or both of said cycloaliphatic polyol of molecular weight below 400 and
aromatic polyol-of-molecular weight below S00 is used as such in the

prepolymer synthesis.

10. Aqueous polyurethane polymer(s) dispersion according to any one of
claims 1 to 8 wherein the pclyeséer'polyol incorporates dimer acid and one
or more of said cycloaliphatic polyol of molecular weight below 400,
aromatic polyol of molecular weight below 500, cycloaliphatic polyacid of
molecular weight'belcw 400 and aromatic polyacid of molecular weight below
500, and one or both of said cycloaliphatic pélyol of molecular weight below
400 and aromatic polyol of molecular weight below 500 is.also used as such

the prepolymer synthesis.

11. Aqueocus polyurethane polymez(s) dispersion according to any one of
the preceding claims wherein the level of dimer acid in the polyurethane
prepolymer as a whole is within the range of from 10 to 50 weight Z.

12. Aqueous polyurethane polymer(s) dispersion accdrding any one of the
preceding claims wherein the level in the polyurethane prepolymer as a whole
of units derived from one or more of said cycloaliphatic polyol of molecular
weight below 400, aromatic polyol of molecular weight below 500,
cycloaliphatic polyacid of molecular weight below 400, and aromatic polyacid
Eelow 500 is within the range of from 2 to 35 weight Z.



wei ght bel ow 400, aromati c pol yol of nol ecul ar wei ght
cycl oali phatic polyacid of nol ecul ar wei ght bel ow 400,
poI yacid below 500 is within the range of from2 to 35

the precd SARTMAIARMAET Y 250 47eyCPbal’ ohat Fe hol vl 4

bel ow 400,* i f¢ used? i§ 1" 4-cycl ohexane diet hanol .
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13, Aqueous palyurethane polymer(s) dispersion according to any one of
the preceding claims wherein said cycloaliphatic polyol of molecular weight
below 400, if used, is 1,4-cyclchexane dimethanol.

14. Aqueous polyurethane polymer(s) dispersion according to any one of
the preceding claims wherein said cyclecaliphatic polyacid, if used, is
1,4-cyclohexane dicarboxylic,acid.

1s. Aqueous polyurethane polymer(s) dispersion according to any one of
the preceding clikms‘whe:ein the level of units derived from organic
polyisocyanate in the polyurethane prepolymer is within the range of

from 28 to 60 weight Z. '

16. Aqueous polyurethane polymer(s) dispersion according to any one of
the preceding claims wherein the ratio of isocyanate groups to
isocyanate-reactive groups in the reactants used to form the

" polyurethane prepolymer is within the range of from 1.1:1 to 6:1.

17. Aqueous pclyﬁrethane polymer(s) dispersion according to any ome of
the preceding claims wherein said organic polyisocyanate is 4,4’
-dicyélohexylmethane.diisocyanate.

18. Aqueous polyurethane polymer(s) dispersion according to any one of
the preceding claims which includes at least one other polymer which is not
a polyurethane polymer as defined in claim 1.

is. Aqueocus polyurethane polymer(s) dispersion accozding to claim 18
wherein said at least one other polymer is or includes an addition polymer

derived from the addition polymerisation of one or more olefinically
unsaturated monamers.

20. Aqueous polyurethane polymer(s) dispersion according to claim 19
wherein said addition polymer is an acrylic polymer.
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14. Aqueous polyurethane pol ymer (s) dlsper5|o ; &ﬂg‘:’one of
t he precéﬁTﬁg*tTarns—mhefefﬂ said cycl oali phatic pol'g ~trsed, {1 S

1, 4-cycl o m c. aci d. 15. Aque Pg?e
polyrrer(s) i@ ﬂ ding to any one of the vher ei n
t he | evel wni from organi c pol yi socyanaj lurfet hane
prepolyner is within the range of fromgg to 60 we ght 16. Agueous
polyurethane pol ymer (s) di spersion according to an 'di ng

claims wherein the ratio of isocyanate groups to isocyanate- reactive groups
In the reactants used to forn1the pol yur et hane prepol ymer +s within-the

range of from1l.1:1 to 6:1. Agueous polyurethane pol yner (s)
- dispersi ofy Accolguld Gofflt fpoi & £GAdbeUk16h A € k%8 clain
organic po ylsoc anat e |s dic ohex an anat

or claim 20 wherein sazd add;tion polymer has been p:epa:ed in-si:u in
the presence of a preformed aqueous dispersion of said polyurethane
- polymer(s).

22. Aqueous polyurethanre polymer(s) dispersion according to any one of
claims 19 to 21 wherein the weight ratioc of polyurethane polymer(s) to
addition polymer(s) is within the range of -from 99:1 to 20:80.

23, Process for--the preparation of an aqueous polyurethane polymer
dispersion which process comprises : -
I synthesising an isocyanate-terminated polyurethane

prepolymer from reacéants comprising:

(i) at least ome organic polyisocyanate,

(ii) at least one polyesterpolyol which incorporates
polyﬁerised units derived at least in part from a dimer
acid, )

(iii)at least one isocyanate-reactive and/or diisocyanate
compound providing nonionic and/or ionic dispersing
groups or groups which are subsequently comnverted ta such
dispersing groups and wherein,

(iv) said prepolymer also incorporates polymerised units of
one or more of the following: at least one
cycloaliphatic polyol of molecular weight beicw 400, at
least one cycloaliphatic polyacid of molecular weight
Eelcw 400, at least-one aromatic polyol of molecular
weight below 500, and at least one aromatic polyacid of
molecular weight below 500 with the proviso that any
such cycloaliphatic or aromatic pclyol(é) is incorporated
by being used as a reactant in the synthesis of the at

least one polyesterpalycl and/or by being used as such



18. Aqueous potyurethane pol yrmer (s) dispersion a Woghe of
t he precedlng whi ch includes at | east one ot h¢gh~ WA 0K 5 not
a pol yuret hgn M’,ﬂﬂ,ﬂﬂmed in claiml. 19. Aqueous

pol yur et hane p on according to cl ai 8 OJFFER 097ai H ht

| east one -ot her pol yner is®or*includes amgaddition pol mer derived ffomthe
addition polynerisation of one or nore olefinically Sat ura ey s.
20. Aqueous pol yuret hane pol yner(s) dispersion a cordlnq to cIa|n1 9

wherein said addition polyner is an acrylic polyner.

24.

II

II1

in the prepolymer synthesis, and that any such
cycloaliphatic or aromatic polyacid(s) is incorporated
only or substantially only by béing used as a reactant in
the synthesis of the at least one polyesterpolyol,
forming an aqueous dispersion of said prepclymer having
converted to dispersing groups any groups requiring such
conversion, and
chain-extending the prepolymer in the aqueous medium to form
said polyurethane polymer dispersion using an active hydrogen
chain-extending compound(s). ' '

£t L

Coating obtainable from an aquecus-based composition comprising an

aqueous polyurethane polymer(s) dispersion according to any one of claims 1

to 22.

2s.

Method of coating a substrate using an aqueous-based ccmpdsition

comprising an aquecus polyurethane polymer(s) dispersion according to any
one of claims 1 to 22.

26.

Coated substrate having a coating obtainable from an aqueous-based

composition comprising an aqueous polyurethane polymer(s) dispersion

according to any one of claims 1 to 22.

een
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21. . Aqueous pol yuret hane pol ymer(s) dispersion accordig,
19 or claim20 wherein said addition polyner has been prend g h
t he presence of a preforned aqueous di spersion of said pofjygrethane
polyner(s).- 22. - Aqueous pol yur et hang, pol yrer (s) di spefsi@3 RER 9% n
to any one'of clains 19 to 21 wherein the weight ratio of |p¢l yurethane
pol yner(s) to addition pol yggﬁas POEYYRETHANE DISPERSIONS of fir O 99TT (0

20: 80. 23. Process for € preparation of an aqueoug pol yurethane
pol yrfer di spersi on which process conprises R .

' ABSTRACT

\\ =]

Aqueous polyurethane dispersion in which the polyurethane is made by
chain-extension of a prepalymer, and optionally iacluding another
..polymer (particularly acrylic), wherein the prepolymer incorporates a
dimer acid-based polyesterpolyol and alsc a low molecular weight
cyclcaiiphatic and/or aromatic polyol and/or polyacid and wherein any
low molecular weight cycloaliphatic or aromatic polyol is incorporated
as a component of the polyester polyol andfor is used as such in the
prepolymer synthesis, and any low mnlecﬁiarfweight éycloaliphatic or
. aromatic polyaecid.is onlyho: substantially only used as such in the
. prepolymer synthesis.
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I synt hesi si ng an i socyanate-termnm nat ed poI yur et hane '

prepol yner fromredctants conprising: (i) at |east one
or gani ¢ pol yi socyanat e. _ (ii) at least one polyesterpolyol
whi ch incor porates . polynerised units derived at: least in

part from a di fér bave now discovered noygl gqueous pOl}’“re"-ha“ﬁ FF?&‘E‘%"@S‘&C”'{NE

| socyanaheapeasndalyp Qfer@bi’&iﬁﬁa@@i& do not owe their goodC@EPPakitdes to
pr0V|d|&%1n0n|0n|C an Ioni C dISperS|n

S Or
- groups Ecﬁrgﬁﬁ‘élcguggeﬁﬁhyp§rgwérP%deotlo copppnent in the polyugethap

di spersing groupeoc28inyhes @h8, present invention( tMéré&lsdpﬂﬁmldyaﬁraaneaﬁs
|ncorporat es polynerised units_ of ne or i of the

fol | owi rRPLYRESFRARS PRhEmer(s) d:.sners:.on wherecﬁcFB%l‘?%F?Ehaﬁtﬂ POFTRRE(S)
ol ecul %he‘&@bghéodiﬁhﬁéé% rakction product of: | east one CyC| oal i phatic

pol yacid of nol ecul ar wei ght bel ow_400, oﬁ?t gagt one
aromat i c{4ol yol a“bf“ﬁﬁ?%ﬁiﬁ%‘r‘em‘“e‘i polyurethane, prepglyger B at

| east one ar orraﬂ&tae_b;ya{;‘hﬂ:mf:omnnse- . mol ecul ar wei ght bel ow
500 with the prow SO thit any such cycl oal i phatic or
aromatic pol yol £5) &t %?'p(ﬁ‘ﬁt grganic polyisocysnate, by being used as a

reactant in the(syntaesieast dneepdliyesterpolyol which has lbeafitdexicred at least
pol yest er pol yol and/ (}_rn gxr eé ng usc?i%e%sacszggh
(iii) at least one isocyanate-reactivé_and[or diisocyanate compound
providing nonionic and/or iomic disﬁe:;ing groups Or groups
which are subsequently converted to such dispersing groups,
and wherein .
(iv) said prepolymer also incorporates polymerised units of one
or more of the following : at least one cycloaliphatic polycl
of molecular weight below 400, at least one cycloaliphati
polyacid of molecular weight below 400, at least one aromatl
polyol of molecular weight below 500, and at least one
aromatic polyacid of molecular weight below 500 with the
*#  proviso that any such cycloaliphatic or aromatic polyol(s) is
4 incorporated by being used as a reactant in the synthesis of
the at' least one polyesterpolyol and/or by being used as such
(i.e. as a separate component(s)) in the prepolymer synt thesis,
and that any cycloaliphatic o; aromatic polyacid(s) is
incorporated oanly or substantéally only by being used as a
reactant in the synthesis of the at least one polyesterpolyol.
and _
(B) @ chain-extending compound(s), which if other than water, is
an active hydrogen chain-extending compound(s) which is used in
an amount such that the ratio of active hydrogen atoms in the
chain-extending compound(s) to isocyanéte groups in the
isocyanate - terminated prepolymer is in the range of from 0.8 :

1 tol1l.7 : 1.

i 1 rovided. accordi i rocess for the
There s %9 P i REPLACEMENT S ETS ? s s
preparation of an aaueohiﬁgp 3 T ansﬁpqlggﬂg-gggge n which

process comprises : £Z=
i I
This is the replassment sheel - | 3 Apsiract
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48 in the prepolynmer synthesis, and that any such
cycloaliphatic or aromatic polyacid(s) is incorporated

substantially only by being used as a reactant in the synthesis
of the at |east one polyesterpolyol, 11 form ng an aqueous di spersion of
sai d prepol yney ver di U p
requiri ng?suchmgﬁgé{]&nﬁlgflsf%%&a% ES ﬁr%uh aw&eﬁ‘{lﬁa?% z{)%@%% %m(e{é Erom

YMEr I n
t he aqueowsacmhitgnvhicH comprise:

¥

only or

(i) at least one organic polyisocyanate,

(ii) at least one polyesterpolyol which incorporates polymerised
units derived from a dimer acid,

(iii) at least one isocyanate-reactive and/or diisocyanate compound
providing nonionic and/or ionic dispersing groups or groups
which are subsequently converted to such dispersing groups,
and wherein ‘

(iv)

said prepolymer also incorporates polymerised units of one or
more of the following: at least one cycloaliphatic polyol of
molecular weight below 400, at léast one cycloaliphatic _
polyacid of molecular weight below 400, at least one aromatic
poelyol of molecular weight below 500, and at least one
aromatic polyacid of molecular weight below 500 with the
proviso that any such cycloaliphatic or aromatic polyol(s) is
incorporated by being used as a reactant in the synthesis of
the at least one polyesterpolyol and/or by being used as such
(i.e. as a separate component(s)) in the prepolymef synthesis,
and that any cycloaliphatic or aromatic polyacid(s) is
incorporated only or substantially only by being used as a

“  reactant in the synthesis of the at least one polyeszerpolyol.
for;ing an adﬁeous dispersion of said prepolymer having converted to

dispersing groups any groups requiring such conversiom, and

II.

III. chain-extending the prepolymer, in the aqueous medium, to form said

polyurethane polymer dispersion using a chain-extending

compound (s), which, if other than water, is an active hydrogen

chain-extending compound(s) which i§ used in an amount such that

the ratio of active hydrogen atoms in the chain-extending
compoﬁﬁd(s) to isocyanate groups in the isocyanate - terminated

prepolymer is in the range of from 0.8 : 1 to 1.7 : 1.

There is further provided according to the invention a coating
obtainable or derived from an aquecus-based compnsition comprising an
aqueous polyurethane polymer dispersion as defined above.

There is still further provided according to the lnventlon a method
of coating a substrate using an aqueous-based composition comprising an

aqueous polyurethane polymer dispersion as defined above.

This is the replacement sheet.
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said pélyurethane pol ymer di spersion using a chain-extendi ng
conpound(s), which+ f other than water, i3 an active hydrogen
chai n- ext endi ng conpound(s) which is used in an amount such t hat ~ the
ratio of active hydrogen atons in the chai n-extending conpound(s) to
| socyanat e grouﬁsa.:imershefisamwanaim ex:teaﬂa'tﬂaisadul hereipr e.polgdere:hsléxm t he

range of .from 1. obt ai nabl
aqueous- ased: corgrf')%"shlytl tcro"rf’ﬁrlflgl‘nbrleﬁhﬁaﬁ’éous“ﬁo yﬁer'e ymeag'?sj
di sper si brtpbawr dimgineq heuyamyd)éneldwanﬁnel ¢yx1dBexyléits d:.amm hod of

coating | ed compasi tion KetelusslARY :
aqueous % ?%@e ane'metﬁglr'reé]"(pae)qgglgg%brm 8315%%043 ggto a eg'r%]eg%fmcféi ms 1
to 22. xy2@lene d@smired subst(ri’a-tamhawh'pg.)aamm&J rig3e&ixai:rmih|eezidm.an

aqueous - RS2 Lo CHIRAS R COMILS | Rl AATUERNS, POLYYL FLACHT RORY Y sbBhorone
diamine, and adducts of diethylene triamine with acrylate or its hydrolyzed
products. Also materials such as hydrazine, azines such as acetone azine,
substituted hydrazines suchras, for example, dimethyl hydrazine,
l.S-hezamethylene-bis-hydréiine, carbodihydrazine, hydrazides or
dicarboxylic acids and sulfonic acids such as adipic acid dihydrazide,
oxalic acid dihydrazide, isophtﬁalic acid dihidrazidé. hydrazides made by
reacting lactones with hydrazine such as gamma-hydroxylbutyric hydrazide,
bis-semi-carbazide, and bis-hydrazide carbonic este;s of glquls.

Where the chain extender is other than the modified prepolymer
molecules formed by reaction with water, for example a polyol, polyamine or
hydrazine, it may be added to the aqueous dispersion of prepolymer or,
alternatively, it may already be present in the aqueous medium when the
prepolymer is dispersed therein. ' _

The chain extension can be conducted at elevated, reduced or ambient
temperatures. Convenient temperatures are from about 5°C to 95°C.

The total amount of chain exten&er material(s) employed (other than
water) shduld be approximately equivalent to the free-NCO groups in the

" prepolymer, the ratia'of active ﬁydrogens in the chain extender(s) to NCO
groups in the prepolymer being in the range from 0.8:1 to 1.7:1.

0f course, when water is employed as an
indirect chain extender, these ratios will not be applicable'since_:he
water, functioning both as an indirect chaid extender and a dispersing
medium, will be present in a gross excess relative to the free-NCO groups.

[It is evident from the foregoing that the term pclyure:hane" as
used in this specification is intended to apply not only to polymers (or
prepolymers) made by reac;lng only polyisocyanates and polyols to give
urethane linkages, but also to polymers (or prepolymers) made by reacting

polyisocyanates with other types of compoqnd: in conjunction with polyols,

This is the replacement sheet
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Claims

1.
polymer(s)

* [ L | - _*_

43

Aqueous polyurethane polymer(s) dispersion wherein the polyurethane

thereof comprises the reaction product of :

(A) an isocyanaté-terminated polyurethane prepolymer formed from
reactants which comprise:

(1)

(ii)

(iii)

(iv)

”

at least one organic polyisocyanate,

at least one polyesterpolyol which incorporates polymerised
units derived from a dimer acid,

at least one isccjaqate-reactive_ahdlor diisocyanate compound
providing nonionic and/or ionic dispersiné groups or groups

which are subsequently converted to such dispersing groups and
wherein,

) ) . 4
said prepolymer also incorporates polymerised units of one or

more of the following : at least ome cycloaliphatic polyol-of

molecular weight below 400, at least one cycloaliphatic .
polyacid of molecular weight below 400, at least one aromatic
polycl of molecular weight below 500, and at least one
aromatic polyacid of molecular weight below 500 with the

provisc that any such cycloaliphatic or aromatic polyol(s) is

‘incorpogated by being used as a reactant in the syn:hesis of

the at least one polyesterpolyol and/or by being used as such
in the prepolymer synthesis, and that any cycloaliphatic or
aromatic polyacid(s) is incorporated only or substantially
only by being used as a reactant in the synthesis of the at
least one polyesterpolyol, ’
and

(B) a chain-extending compound(s), which if other than water, is

an active”hydrogen chain-extending compound(s) which is used in

an amount such that the ratio of active hydrogen atoms in the

chain-extending compound(s) to isocyanate groups in the

isocyanate - terminated prepolymer is in the range of from 0.8

1l to 1.7 :

1.

This is the replacement gheet
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in the prepolymer synthesis, and that any such.:
cycloaliphatic or aromatic polyacid(s) is incorporated
only or substantially oﬁly by being used as a reactant in
the synthesis of the at least one polyesterpolyocl,

II - forming an aqueous dispersion of said prepolymer having
converted to dispersing groups any groups requiring such
conversion, and _ ‘

ITI chain-extending the prepolymer in the aqueocus medium to form
said Polyurethane: polymer dispersion using a chain-extending
compound (s), which if other than water, is an actiwve hydrogen
chain-extending compound(s) which is used in an amount such that
the ratio of active hydrogen atoms in the chain-extending
compound (s) to isocyanate groups in the isocyanate - terminated

prepolymer is in the range of from 0.8 : 1 to 1.7 : 1.

24. Coating obtainable from an aquedué-ba§ed composition comprising am
agueous polyurethane polymer(s) dispersion according to any one of claims 1
to 22.

4

" . ¢
25. Method of cogting a substrate using an aqueous-based composition
comprising an a@ueous polyurethane polymer(s) dispersion according to any

" one of claims 1 to '22.

26. Cogted substrate having a coating obtainable from an ‘aqueous-based
composition comprising an aqueous polyurethane polymer(s) dispersion

according to any one of claims 1 to 22.

\
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