wBl/C 36807 1 AOUEQUS
COATI NG COMPCSI Tl ONS This invention relates to crosslinkable
aq;(s}eoufé‘; coating dispersions in which the basis of the-crosstimkabititTy is

y
pr-ovi-deg, b e reaction in an applied coating betwegj nd
certai'n‘g{|80¥§/é£ - bound epoxy-reactive groups. Saae ke ' T
coatings are well established in the technol ogy. of prmﬂmu“:m“ll 'Irfaces,
and are frequently required to beconme cross-I|inked forRg¢
applications. Thermal curing (often referred to as stoving) is w dely used,
especially in the case of,iRbAcHLrTR FREIRhYEiscuUr ed coating systens.
However, such systens suﬁg@rnﬁ-mm rel ease of formal dehyde on
curing. They also require a high stoving tenperature (typically about
150[err] C) whitgRk cdrenBEors QRENNAL +6 EHbSSHidRA bUS qRE oSS [cQREinkC s ek abnsst S
but at,thil_egptiﬁrgse of 1 ppairnment _of thi_ coatigl?&vpgrforrmnce. Such
di sadvih{"&g& ePHASr b epGr st ipiabdihty iLAVRAAYAGRT by the reagifpm i fnqq
aqueouspmidatii cuptiyg thefWedn epbatyt I3 r OPEE Und rqHps im T lgperchouticcact i ve groups
are present tiaanctslﬁgarate particles of an aqueous di spersion are known from
PCT Appilcatron No.8°RB3837 14715 and US Patent No. 4, 367,298. However, these
are expensi vePdlympriodfid¢tm aodtingsserd wdilifastablishedi in tdthe vavhnbobogmo€ of
storag YURAYS en hi r appl4l ' r i saged
or ooty g b sty tystaces . Rk bELMEPRE LBLHIA0R Wbl N0p BT RaREY
subst r e sertaimeppplirerjons.ghTharpahancing niofberi ne§ereath &p sasusEoyiveT) i or
the di ge1y efedaBsRR ikl LHal 8fh REO\WedReh iRk Simb1 Muldb Scdll@ &ATBa@S, OF

| ess than, the tenperature of the substrate. This is quite a comon

si t uat FHHFemSr HOBGTHg &RGH iSTateMSnsubhernbheydisd@ntags ffegelaagfe’fer, in | ow

g enper ﬂﬁﬂﬁh&dalﬁ_fll_iei fﬁﬂ-td\ﬁﬂﬁg. f @heP)sA8P| R2qu@edMal fﬁﬂgersawﬁfg tgﬁpérﬁtﬂﬁégss_ar yt ]9
epress, the t ating conposition, for ex e by the addition o
o Pos Drxkta i aBhnt, Se5ET khAth SRR SomORiRe ToduRsdobE BeeLoh AEFEE BGH g

I Nt hecatuliyses dutsaic thFdxmbape asfs afpai rmén € @0tNe Rloaving Ipe pforimahe NS Such '

strong | o] [ e, of .t he aqueous mer di spersion can itself

depresgyﬁiﬁaé&agseg %ﬁgf?&%ﬁ ?g%grgﬁeﬁggg(’férfggjf ‘he polyner in the

di spersed parEpaxyesuzpddaqwrionh ¢dasiag ciysten ipevhixhnepmst gnows embtepbky- when

the depp£ssed PRuBEBIredbASint ANSkbl Yol FIRBLRLY R an aqueous dispersion

are known from PCT Application No. W091/14715 and US Patent No. 4,367,298.

However, these are expensive to produce and present difficulties in the
maintenance of storage stability.

When high temperature applications are envisaged for coating
dispersions, as for example in the coating of heated substrates, a.
relatively high minimum film forming temperature (MFT) for the
dispersion can be tolerated, provided that such MFT is the same as, or
less than, the temperature of the substrate. This is quite a common
situation for stoving applications on metallic substrates. However, in
low temperature applications, for example room temperature, it is
necessary to depress the MFT of the coating composition, for example by

~the addition of a co-solvent (acting as a coalescing solvent). However,
care is required in the choice of such MFT depressants. A cosolvent
which partitions strongly in the polymer phase of the aqueous polymer
dispersion can itself depress the glass transition temperature (Tg) of
the polymer in the dispersed particles and which therefore, in certain

instances (notably when the depressed polymer glass transition temperature
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tenperature to which the dispersion is exposed). nmay-lead—to premature
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does not have an epoxy-functional group or an epoxy-reactive group

or a group which is subsequently converted to an epoxy-reactive

group;

(b) at least one polymerisable olefinically unsaturated monomer having
at least one epoxy-functional group and/or at least one multi-
functional epoxy compound having an avérage of 2 or more epoxy
groups per molecule and which is not derived from the polymerisation

of an olefinically unsaturated monomer system: and

(c) at least one olefinically unsaturated monomer having one or more of
the following:

(1) at least one carboxyl group such that epoxy-reactive carboxyl groups
are provided directly in the resulting polymeric product and/or such
that epoxy-reactive amine groups are provided in the resulting
polymeric product by conversion subsequent to polymerisation of at
least some of the carboxyl groﬁps to epoxy-reactive amine groups;

(ii) at least one hydroxyl group such that epoxy-reactive hydroxyl groups
are provided directly in the resulting polymeric product; and

(iii) at least one blocked amine group which is deblocked subsequent to
polymersiation to provide epoxy-reactive amine groups in the

resulting polymeric product; and wherein
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35[err]C to 7(Hseamd C. The pol yesters and pol yuret hanes are

di ssol ved or dispersed in the aqueous curabl e polymer dispersion. The

pol yesters and pol yur et hanes may be rendered water-sol ubl e or
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appropriate nononers during their synthesis eferred ionic groups are

car boxyl ate and sul phonate groups (rmade, for exanple, by neutralising
pol ynmer  bound mar fedls Ofurabl ® HRite Al Speis@bP SPreferably comprises from 5%

to 70 by weight (relative to the weight of polymeric product) of the
polyurethane and/or polyester, more preferably 15Z to 60Z, especially 20% to
502 by weight.

The polymeric product preferably has a Tg within the range from 30°C
to 90°C, more preferably 35°C to 70°C.

The polyesters and polyurethanes are dissolved or dispersed in the
aqueous curable polymer dispersion. The polyésters and polyurethanes may be
rendered water-soluble or water-dispersible by arranging for suitable ionic
and/or non-ionic groups to become incorporated into their polymeric
structure as a result of using appropriate monomers during their synthesis.
Preferred ionic groups are carboxylate and sulphonate groups (made, for
example, by neutralising polymer bound carboxyl or sulphonic acid groups)
and preferred non-ionic groups include polyoxyethylene oxide
chain-containing groups.

The polyesters may be prepared by methods known per se comprising,
for example, the condensation of appropriate carboxy or sulpho containing
monomers and hydroxy containing monomers.

The polyester may be prepared by polymerisation of polycarboxylic
acid and/or their ester forming derivatives and polyols, preferably in the
presence of a catalyst and with the removal of water and/or alcohol formed
during the polymerisation.

As examples of polycarboxylic acids and their ester forming

derivatives there may be mentioned C4 to C20 aliphatic, alicyclic and
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(1, 2, 3chndiderb@aahy 51y N&XRACwo hydroxyl groups per molecule even though it
also contains a sterically hindered carboxyl group. Suitable polyols with
three hydroxyl groups per molecule include triéls such as trimethylolpropane
(1,1,1-tris(hydroxmethyl)ethane). Suitable polyols with four or more
hydroxy groups per molecule include pentaerythritol (2,2-bis(hydroxymethyl)-
1,3-propanediol) and sorbitol (1,2,3,4,5,6-hexahydroxyhexane).

The polyurethanes containing carboxyl groups may be prepared by
reacting organic polyisocyanate with an organic compound containing at least
2 isocyanate reactive groups, e.g. a polyol, preferably in the presence of a
diluent.

The isocyanate terminal prepolymer may be prepared by condensation
polymerisation of an isocyanate and a polyol, for example one of the
aforementioned polyols, or a glycol, for example ethylene glycol, propylene
glycol, diethylene glycol, neopentyl glycol, 1,4-butanediol, furan
dimethanol, cyclohexane dimethanol, glycerol, trimethylolpropane,
pentaerythritol and mixtures thereof. The condensation is preferably
performed in an organic solvent and/or vinyl monomer, followed by

neutralisation of any acid groups and dispersion in water.
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The free radical initiated polymerisation process may be performed
by emulsion polymerisation, by suspension polyﬁerisation or by the
dispersion in water of a preformed free-radically polymerised polymer made
using any polymerisation technique (but usually aqueous emulsion
polymerisation). One such emulsion polymerisation technique is core/shell
(sequential) polymerisation. Emulsion polymerisation is preferably carried
out at temperatures between 30°C and 95°C more preferably between 50°C and
90°C.

Component (a)

Preferred polymerisable olefinically unsaturated monomers which do
not have epoxy-functional groups or epoxy-reactive groups, or groups which
are subsequently converted to epoxy-reactive groups, comprise certain
olefine monomers, vinylidene aromatic monomers, unsaturated carboxylic acid
ester monomers, vinyl ester monomers and combinations thereof.

Examples of such monomers include 1,3-butadiene, isoprene, styrene,
divinyl benzene, acrylonitrile, methacrylonitrile, vinyl halides such as
vinylidene chloride and vinyl chloride, vinyl esters such as vinyl acetate,
vinyl propionate and Yinyl laurate, heterocyclic vinyl compounds, alkyl

esters of mono-olefinically unsaturated dicarboxylic acids (such as
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unsaturated monomer which does not have any epoxy-functional group or an
epoxy-reactive group.
Component (b)

The polymerisable olefinically unsaturated monomers having at least
one epoxy-functional group are preferably selected from (i) alpha beta-
ethylenically unsaturated acid esters of epoxidised aliphatic and
cycloaphatic alcohols, in particular glycidyl acrylate, glycidyl
methacrylate, 3,4 -epoxycyclohexyl methyl acrylate and/or cyclohexyl methyl
methacrylate and/or (ii) allyl and vinyl esters of epoxidised aliphatic and
cycloaliphatic acids, in particular allyl glycidyl ether, allyl or vinyl
3,4-epoxycyclohexane carboxylate.

The multifunctional epoxy compound having an average of 2 or more
epoxy groups is preferably soluble in any of the olefinically unsaturated
monomers (i.e. in Component (a) and/or (c)) and preferably miscible in the
resulting polymeric product.

The epoxy group(s) of the olefinically unsaturated monomer(s) of
component (b), if present, provide epoxy functionality in the resulting
polymer. Alternatively, or additionally, the epoxy groups of the multi-
functional epoxy compound of (b) (not derived from olefinic polymerisation),
if present may also provide epoxy functionality in the resulting aqueous

dispersion by becoming incorporated (it is believed) into the polymeric
product.
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effecting conversion of such groups to amine groups. For example, a
carboxyl functional monomer can be incorporated into a polymer to give a
carboxyl functional polymer and the resulting carboxyl functional polymer
can be reacted with propylene imine (i.e. iminated) to give an amine
functional polymer. Alternatively, a monomer having blocked amine groups
can be used, and these blocked amine groups in the polymer so formed can be
subsequently deblocked to generate the amine functional polymer.

Preferred olefinically unsaturated monomers having a carboxyl group
include (i) alpha beta-unsaturated carboxylic acids, for example acrylic
acid, methacrylic acid and itaconic acid (ii) carboxylic acid derivatives of
alpha beta-unsaturated esters; addition products of hydroxyalkyl'acrylates
and methacrylates to anhydrides, for example, a hexylethyl acrylate additive
product with succinic or maleic anhydride; addition products of alpha beta
unsaturated acids to lactones; (iii) carboxylic acid derivatives of alpha
beta-unsaturated amides, for example, 3-acrylamido-3-methyl butanoic acid
and 1l0-acrylamido-undecanocic acid; (iv) unsaturated aliphatic and
cycloaliphatic carboxylic acids.

Preferred olefinically unsaturated monomers having at least one
hydroxyl functional group include (i) alpha beta unsaturated ester

derivatives containing OH groups, for example hydroxymethyl acrylate,
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In a2 preferred "'embodiment component (c) comprises at least one,

preferably 1, 2 or 3, olefinically unsaturated ﬁonomers having one or more

of the following:

(L) a carboxy group such that epoxy-reactive carboxyl groups are
provided in the resulting polymeric product;

(ii) a hydroxyl group such that epoxy-reactive hydroxyl groups are
provided in the resulting polymeric product; and

(iii) a blocked amine group such that a blocked amine group is provided in
the resulting polymer which is capable of being de-blocked (i.e. the
blocking group removed) to give an epoxy reactive amine group.

For the purpose of this invention an "aqueous dispersion" means a
dispersion (e.g. emulsion or suspension) of the polymer in an aqueous medium
of which water is the principle component, sometimes referred to as a latex
when the particles are small enough to be colloidally dispersed. Minor
amounts of organic liquids, for example organic solvents may optionally be
present.
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I f present, can be achiev by "appropriate sel ection e conponents used
formulation made therefrom, is exposed can be chosen so as to be below the

Tg of the polymeric product, thus facilitating (we believe) colloidal
stability. It is also possible to ensure (by an appropriate choice of epoxy
and epoxy-reactive groups) that any selected Té in this range is below the
minimum temperature or which curing is likely to occur to any noticeable
degree (the effective curing temperature), and this (we believe) avoids a
significant level of premature crosslinking.

Hence the nature of the monomers and epoxy ccmpound employed in the
preparation of the dispersion of the invention and the relative proportions
are such that the defined range of glass transition temperature of the
polymeric particles in the dispersion ensures (in particular) that cross-
linking does not take place in the dispersion at room temperature or, for
some embodiments, even at relatively high storage temperatures, for example
up to about 50°C. Similarly, colloidal stability of a dispersion latex can
be maintained at room or reasonably elevated temperatures. Nevertheless,
when a film is formed on a substrate by evaporation of water from a coating
dispersion according to the invention, or a coating formulation made f£rom
it, effective cross-linking of the polymer chains occurs at the desired

curing temperature which may, depending upon the choice of epoxy groups and
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One pagqqtea$fiﬂpypart1cular butoxy ethanol, 1n addltlon to the polyester and/or

polyurethane, preferably in a weight percent of 12 to 20% relative to the

total weight of polymeric product.

With regard to the polymerisation to form the polymeric product, it

is preferred to add a suitable surfactant to aid emulsification when

emulsion polymerisation is the polymerisation technique employed. We prefer

to use a known anionic and/or a non-ionic surfactant.

The free-radical initiator may be any suitable initiator known in
the art, for example ammonium persulphate.

A buffering agent, e.g. sodium bicarbonate, may be used to control
the pH during polymerisation.

Various additives commonly used in the formulation of coating
compositions made from polymer dispersions may be added to the dispersions
produced by the process of the present invention. For example,
plasticisers, levelling agents, de-foamers, thickeners, pigments, fillers,
wetting agents, anti-septic and antifungal agents may be added as necessary

to the dispersions described herein.
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application of heat. Thus surfaces (i.e. substrates) such as stone, wood,
concrete, brick, ceramic tile and temperature resistant plastics may be
coated, but the compositions made according to the present invention are
particularly suited to the coating of wvarious ﬁetals. Specific examples of
the latter are stoving finishes on metallic articles, for example steel drum
linings.

Coating formulations made with the dispersions of the invention
provide a number of advantages over the conventional compositions for
stoving finishes. For example they possess a low MFT, excellent
pot-life and long-term storage properties (i.e. no significant
pre-crosslinking occurs) even at relatively high storage temperatures,
for example up to 50°C. The formulations are one-pack systems which
make them more convenient in use than the majority of prior art
formulations which are usually supplied in two-pack form for comparable
applications. The dispersions of the invention are cross-linkable
(i.e. curable) at temperatures significantly lower than those required
for conventional stoving finishes, while still producing a durable and
hard finish. Also a shorter time of heating is generally possible with

the formulations of the invention to achieve comparable properties of
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The invention is illustrated by, but not limited to, the following
Examples. All parts, percentages and ratios are expressed on a weight

basis, unless otherwise specified.

GENERAL PROCEDURE FOR PREPARATION AND TESTING OF
DISPERSTIONS EXEMPLIFIED (INCLUDING COMPARATIVE DISPERSTONS)

All preparations of polymeric products were conducted in a 2 litre
reaction vessel equipped with a stirrer, reflux condenser, thermometer and
nitrogen purge. A thermostatted water bath was used to heat and reaction
vessel. The respective ingredients for the polymerisations were added as
indicated in the Examples. At the end of the polymerisation all dispersions
were adjusted to a pH of 8-9 using 257 aqueous ammonia solution (unless
stated otherwise). Minimum film forming temperatures (MFT) of the
dispersions are shown in Table 1. The MFT was measured after 30 days
storage at 20°C and at 40°C for the dispersions. A Sheen MFT bar $53000 was
used to measure the MFT. Table 1 also shows the empirical and experimental

(DMTA, 1H, glass transition temperature (Tg) values.
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doubl e-rub test assesses the solvent resistance of a filmand is effected
by rublkapiehe filmto and fro with a

Stage a) - Preparation of polyurethane dispersion

Poly(propylene glycol) 1000 (32.12 g), 1,4-cyclohexane dimethanol
(4.16 g) and N-methyl-2-pyrrolidone (NMP) were placed in a vessel under
nitrogen and stirred to homogenise. The mixture was heated to 40°C and a
solution of toluene diisocyanate (28.04 g) in NMP added over 1 hour, during
which the temperature rose to 90°C. A solution of 2,2-bis-hydroxymethyl
propionic acid (5.68 g) in NMP were added over.l hour at a constant
temperature of 60°C. The mixture was cooled to 40°C and triethylamine (4.5
g) was added to give a prepolymer. The total amount of NMP used was 30g.

The prepolymer melt was dispersed in water and chain extended using
hydrazine (2.64 g) and filtered through a cloth of pore size 53 um to give a

polyurethane dispersion having a solids content of 28Z and a pH of 9.5.

Stage b) - Preparation of a polymeric product by free-radical initiated

polymerisation

A monomer mixture (405.33 g) was prepared consisting of Styrene
(99.6 g), n-butylmethacrylate (148.8 g), n-butyl acrylate (31.6 g), glycidyl
methacrylate (100 g), B-carboxyethyl methacrylate (20 g) and surfactant
(Aerosol OT 75, 5.33 g).

40.53 g of the monomer mixture was added to a mixture of water
(589.37 g), surfactant (Nansa AS40, 2.1 g), sodium hydrogen carbonate

(1.2 g) and ammonium persulphate initiator (2.0 g) under nitrogen at 45°C.



rag soaked with MEK until the substrate shows through or until 200 double
rubs hgve been perfornmed w thout the substrate show ng through (quoted as
>200 doubl e rubs). Filnms of the respective dispersions—for-the—double rub
test were cast_on steel panels at roomtenperélﬁsr&eet%@eénideﬁﬁcea\ere t hen

stoved H PA%ated in Table 1 and t hé*MEK doub s perforned.
Exanple 1 Stage a) - Preparation of polyureth m#mm

Pol y(propyl ene glycol) 1000 (32.12 g), 1, 4-cycl oheX anol (4.16 g)
and N-nethyl -2-pyrrolidone (NWP) were placed in a vessel under nitrogen and

stirre . | se.. T ] g eat t Q.4 [r ol ution of
to: uengh%%lgg%gﬁg% Zl%f 5@%3%%%%% ?\I\I%aa%‘cfeagg?/te(rgflg% ur %l &3:???13’3\%% ghl t he
te_npermld?eé bb_sa@ exetdOfmraf] €& 335864 uti on of 2, 2- bi s- hydroxynet hyl propionic
acid (5.68 g)qyen r%n‘ﬂﬁ%‘ﬁoﬁ m9¥§.{rel(5@iu.28: g%aétscﬁ)&@da%ert eYPRy AL ure of

60[er]C. . The m xture waS cooled to 40[err riethylam ne (4.5 g) was
added PRiRfadBing She omperaturgid BTGEIZ° ANt the migPuges sitked Begya

The prepedneres nEaktaph@s HeSREASAdn whsabifledBd aRai Festttod@dodiideNg
hydramggf%i:gx? g%}érand filtered through a cloth of pore sjze 53 [err]mto
I

gi ve a" Wk e reh HadPify S4Ze % UR CoRLERE BPLYPSFiSNnd a pH of
9.5. pﬂ(ij(ﬁ:@:e hgving B &palwa icoRvedt af plzysmd ipH of adect 1ne ba easradi(cal )
initiate . po risati . A nmononer m xture (405.33 g
was. pr EpY abivered iR upiieadt smenie gpiefdallVn hacryl ate (148, 8
g), n-butyl acrylate (31.6 g), glycidyl nethacrylate (100 g),
[err]-gashoxyet AQCT W AR, 58U n . sol Or 75, 5.33
g). —&‘ZO %kgg%%q?ﬁe*ng%%ﬁér@%%f urel%aéi%%gd&%s@ggﬁrﬁ%xt ure of water
(589.37 g), surfactant (Nansa AS40, 2.1 g), sodium hydrogen carbonate (1.2
g) and anmoni ¢4 RBLARRALL ak fidrls2bRprefathddls WHIQEa LM WH0@HE gl #plerr]C.

parts) was added to a stirred polymeric product prepared as in Stage b) (200

g, 70 parts) over 5 minutes. After 15 minutes stirring the resultant

mixture was filtered through a gauze of pore size 53 um to give an aqueous

curable polymer dispersion having a solids content of 35.5% and a pH of 8.

Example 2
Stage a) - Preparation of a polymeric product by free-radical initiated

polymerisation

A monomer mixture (400 g) was prepared consisting of Styrenme (120
g), n-butylmethacrylate (112 g), 2-ethylhexylacrylate (40 g), glycidyl
methacrylate (100 g), methacrylic acid (14 g) and acrylic acid (14 g).

40 g of the monomer mixture was added to a mixture of water
(466.5 g), surfactant (Nansa AS40, 3.16 g) and ammonium persulphate
initiator (2.0 g) under nitrogen at 45°C. The mixture was heated to 80°C
£2°C and the onset of polymerisation was marked by an exotherm of ca 5°C.

The remaining monomer mixture (360 g) was added over 1% hour,
maintaining the temperature at 85°Cx2°C, and the mixture stirred for a
further % hour after the addition was complete. 5 minutes after the
addition of remaining monomer mixture began a solution of a surfactant
(Nansa AS40, 7.89 g) in water (120 g) was also added over a period of 80

minutes. . The resultant product was filtered through a gauze of pore



SMC 36807 14 The m xture was
heated to 85[err](ferr]2[err]C and the onset of—pelynerisation was narked

by.an exothermof ca 3-5[err]C The rﬂltﬁsnueﬁgs nomer m‘xture
(364.8 was _added over 1 hour, maintaining t

85[ err PBE 18803 err]C, and the ni xtureéSstirred f err] hour
after the addition was conplete. The resultant | tered through

a gauze of pore size 53 [err]mto give a polyneric product avr ng a solids
content of 40% and pH of 4.5. The pH was fi naIIy adjusted to pH.8 using 25Z

Ao 880k b0l 1w 295y i TheALAtLOR oT, L A0usRuS. Cur aBLe pol yrTer

di spersr on on prepared as in Stage a)
(122 dthe3pH prust §inaldy asigdeikdt oo pHSBi usm po? ymmoni@ pebutdot. prepared as in
Stage b) (200 g, 70 parts) over 5 mnutes. After 15 mnutes stirring the
resultant m xture was filtered through a gauze of pore size 53 [err]mto

gi ve atagguousPrapezstionpof yreaqutiovperuriabhe mokymer disprusdsncont ent of 35.5Z
and a pH of 8. Exanple 2 Stage a) - Preparation of a pol yrrerl C product by
free-radical initiated Rgl nmeri sation nomer

m xture (400 Aypelisephansaticpeesian 4 LoRI%} .y pERE- 2P P, ZENECH

n- but Mhmt&tﬂcrsw ze.séua% Sdded2t & tdmpl eemteacwlyatﬁc( /;Leo:gic,t gt mgylar
rrethac late (10 nmethacrylic acid n% I|c é%x

7. 0 cio% RESSOn BT SRRRFE: VAL SR da R RS AIEES ShY Rreal tat Bl
surfacxtaesnf:.wda:aeam%s&gh a3gdzegpf qmieaﬁrmrenrsﬂmnpebsgﬂvphaﬁ aqueoud icatabsle( 2. 0 Q)

under pj rrl].C. The Xture was ated t.o 8QJerr] C
[err] Z%Hel&}r’n?% géxt'sng[lgthsv]elflg oaf s°l ysrrt(a:‘r’rrltseaf'l Sﬁmﬁaé?ﬁ%rdke y%a;n exot her m of
ca 5[er]C The renai nr ng nmononer m xture (360 g) was added over 1

hour, ﬁy&hatgrjﬂr ng the tenperature at 85[err]Cferr]2[err]C, and the m xture
strrre or further [er] hour after the addition was conplete. 5 m nutes

after the add'ihlel Bethof ofo FmamRleg2 nihReaRra risRE e vBER) /PR LEE| BXGRPY Ehaty

surf acimplaéNDESRECRBE0R978. Bi%er@) wad) WiRE NEOREZ RoB) ¥R Solhexc8dfed over a

period of 80 rH nutes. The resultant product was filtered througdh a gauze of
por e e resultant aqueous curable polymer dispersion had a soli

content of 35.57 and a pH of 8.2.

Example 4
Stage a) - Preparation of polymeric product having amine groups

A sample of a polymeric product (200 g) was prepared as described in
Example 2, Stage a) except that the pH was adjusted to pH 6.5. The product
was warmed to 33°C and propyleneimine (2.9 g) added over 45 minutes. After
stirring for 2 hours the mixture was cooled to 20°C and filtered through a
gauze of pore size 53 um to give a polymeric product of pH 10, having a
solids content of 42%.

Stage b) - Preparation of aqueous curable polymer dispersion

A polyurethane dispersion prepared as described in Example 1,
Stage a) (50 parts) was added to a stirred polymeric product prepared as
described in Example 4, Stage a) (50 parts) over 5 minutes. After 15
minutes stirring the resultant mixture was filtered through a gauze of pore
size 53um to give an aqueous curable polymer dispersion having a solids
content of 34 and a pH of 8.5.



SMC 36807 15 size 53 [err]mto give a
pol yneri,c product having a solids content of 40% The pH was finally
adj usted. to pH 8 using 25Z amoni a sol ution. St‘age-b%ﬁ%epm_l on of an

aqueous pol ymer di spersion ersion
( NECREZ s&g gggogval | abl e from ZENECA Lif ted, 50 to the
stirred polyneric product of Stage a) (50 parts) ,‘m;m Af ter
mnutes stirring the resultant m xture was filtere auze of pore
size 53 [err]mto give an aqueous curabl e polynmer dispersion having a

sol i ds mﬁbglts of 36.5% and a pH of 8. ExanDl e 3 The met hod of
Exanpl € es a) and b) were repeated except that in place of NEOREZ
RO72 there vvag he sperhRECHERx TG e he S588Y (et Mmeepeated excepPhethassip trdace

aqueou%ﬂuﬁ@mo@rﬁ@ﬁ”?{odihépﬁro&' Sngaag) aua%a&%)camr%n&as%séé ¥ and a pH
of 8.2 4 - Preparation %g)ﬁrl c product havi ng

ani ne g‘?°&éf‘5§nc product f?&“’sﬁﬁﬁ‘}l’ée& Eavi Wﬂaﬂ% PBF ct (200 g) was prepared
as descri bed |meEmmntsmzaq&o&gecx&)abexwym&hmtlsﬁé&ﬁhl N&S aasgiygsed to pH

6.5. The_pr war ned t 3[err] C and propyleneimne (2.9 g) added
over 45c°rr#ﬁr8 es. 3%\65?&“%% o%ggf or 2 hours the nixture was cool ed to

20[err]C and filtered through a gauze of pore size 53 [err]mto give a
pol ymeric product of pH 10, having a solids content of 42Z. Stage b) -
Preparati on of aqueous curabl € pol yner di spersion
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SMC 36807 18 Exanmples 6 and 7 " Stoved
enanmel finishes were prepared by fornul ating the—agqueous _curabl e pol yner

di spersions from Exanple 1, Stage c) or Exanpl gy; I&Q | 0 to give

pr esent %ggg&ﬁs 6 and 7 respectively'18 Prem gmiﬁé‘ laced ~

1.41 g 1 Dr ewpl us 4201 ’ "”"" m 0.08 g
(3) Di sperse AYD W2 ' 2 g (4)

'Borchigel' L75 0.30 g (5) -

But oxyet hanol _ 1.40 g (6) :
'Surfypelenid@4ang 7 | 0.30 g (7)  Amp 90
0.33 g odrum N trite (302) 0.47 g

Pi gnents (9) Stovgd pngaed fijpishes were prepared by formulating the aqueous 55 go g

Let Dovhrdbl@) polyfet @Rdfe fdiloah! B-omOEYMpl e i SREiEd @) &F Gample 5 as folld@ 89 ¢
Exarrplg 1, St a% cg or E{a le 5 PVC = 17. 69 Met hod To wat er
((1), oG Prasent frenp efom)g ol To8eRPECERTA Ehed by (2), (3), (4), (6) and
(7). The mxture was stirred slowy and (8) and (9) were added, the
mxturg.gtiyred well, and (5) was added. The m xture was dispersed at high
speed e remai nder of 10 (34.99 g) added. The m xture was passed

t hrougila beaWeterrl | and applied to steel panels using al.&Igar (100[err]m

wet filgythi Cﬁﬂﬁéﬂs q,g_glcured. by heating to 120[err]C fgr.ogegrr] hour .

(3) Disperse AYD W22 0.22 g
(&) *Borchigel’ L75 0.30 g
(5) Butoxyethanol 1.40 g
(6) *Surfynol’ 104H 0.30 g
(N Amp 90 0.33 g
(8) Sodium Nitrite (302) . 0.47 g
Pigments

(9) Kronos 2190 , 25.60 g
Let Down

(10) Aqueous curable polymer dispersion from 69.89 g

Example 1, Stage c) or Example 5
PVC = 17.69

Method

To water ((1), 1.41 g) was added (10) (34.99 g) followed by (2),
(3), (4), (6) and (7). The mixture was stirred slowly and (8) and (9) were
added, the mixture stirred well, and (5) was added. The mixture was
dispersed at high speed and the remainder of 10 (34.99 g) added. The
mixture was passed through a bead mill and applied to steel panels using a
K-bar (100um wet film thickness) and cured by heating to 120°C for % hour.
The resultant stoved enamel finishes were found to posses the properties
shown in Table 2.



The resul tant stoved enanel finishes were found to posses the properties
shown in Table 2. SMC 36807

19 . . lerr] SMC 36807 20 - .
- CLAIMS 1. An aqueous curabl e pol ymer dispersion which
conpri sB% 3831 yester and/ or pol yuret hdne and pol ymeric product having a Tg
within the range 25[err]C to 100[err] C obtai nable by subjecting to a
free-radical-initiated pol ynmerisation process—a-mxture conpri'sing the

. . . . e —
conponents  (a) at least one pol yneri sabiThisSheafgphcal | y Unsat ur at ed
nmonomer whi ch does not have an epoxy-f edor an
epoxy-reactive group or a group which i converted to
an epoxy-reactive group; :
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(b) at | east one polynerisable olefinically urﬁgts
at | east one epoxy-functional group and/or at |eas eplaced
funttiomal epoxy conpound having an average of 2 {’ Hm

group e | ecul e and which is not_derived from tion

of an%ge #wﬁgcally unsat ur at ed nononer system and () at | east one

ol efinically unsaturated nononmer having one or—+ore.-of ... . _the
fol | ow ng: (1) at- | east one carboxyl group such t hat epoxy reactive

car boxyl groups are provided directly | mm lmmmm | ynmeric
product and/or such t hat ggﬁ(s—react [ ve ﬂrprow ded in
the resulting polyneric p by conversi én ubSequertt to

pol ynmeri sati on of at | east some of the carboxyl groups to

epoxyr.r eact ianCagylods raHpPs 1polymér' Hlsper@‘im‘l Qﬁﬁ&h %u?ygsoéﬂmlg@@é’e&' such

t hat quzgl reactive hydroxyl ggrsow directly in the

r esul 31§ RS H’é?qhén?)raé’GuB?lYmSﬁ’cF Pr°‘f‘f‘i"1 3‘3"’&’(3 Pe t"’lﬁlﬁ’é‘ 5P8cles8e A1 ke group
whi chtd sodeblobekirdbse e U dcting to a freePPddiRL L fidltifted PopfmR¥isktion
epoxy-reactive,amne groyps in the resulting polyneric product and
wher egl?cess a mix urg 88 g the components 21 (d) t he

| evel of conponent (b) based on the sum of conponents (a), (b), and

(c). tas) f rorgt 1£98t4§nx\epo?yl}1?rb1%able( %}Leflnlcgfly %§£tquatg8%%g§@ wi'xg().h based on

t he sum of conponents
does not have an epoxy-functional group or an epoxy-reactive group

noner havi ng

or a group which is subsequently converted to an epoxy-reactive
group;

(b) at least one polymerisable olefinically unsaturated monomer having
at least one epoxy-functional group and/or at least one multi-
functional epoxy compound having an average of 2 or more epoxy
groups per molecule and which is not derived from the polymerisation

of an olefinically unsaturated monomer system; and

(c) at least one olefinically unsaturated monomer having one or more of

the following:

(i) at least one carboxyl group such that epoxy-reactive carboxyl groups
are provided directly in the resulting polymeric product and/or such
that epoxy-reactive amine groups are provided in the resulting
polymeric product by conversion subsequent to polymerisation of at

least some of the carboxyl groups to epoxy-reactive amine groups;

(ii) at least one hydroxyl group such that epoxy-reactive hydroxyl groups

are provided directly in the resulting polymeric product; and

(iii) at least one blocked amine group which is deblocked subsequent to
polymerisation to provide epoxy-reactive amine groups in the

resulting polymeric product and wherein:



and (c) is from50 to 96 weight Z;, and (1) the | evel of conponent (c)
based opn the sum of conponents_.(a).—(b) and (c) is from2 to 40

wei ght Z. 2. 7 An aquequs curahbl e pol ymer di spersion according to Claim
1 V\herelsﬂcci%gppnerﬂh ! l di ghe, isoprene, styrene;,—divinyl

benzene, acrylonitr Fnit rlI e, avi , inyl ester, a
het erocyclic vinyl al kyl ester om ' .’L 5 IEI |y
unsat urated di carboxylic acid. 3. An aqueods curi r

di spersion according to Claim1l wherein conponent (a) is of formula

CH err]g¢Rl er L YRR LTJel complfas g ﬁkﬁgs}edi%lﬂh@rs tolayéon@daqeﬂser%},i(%)a' Kyl

of 1 to 20 carbon atons or cyc An aqueous curabl e polymer
according to &My (She ¥ frrmiZso148& yeehthései n Conmponent (c) conprises at

| east one ol efinically unsaturated nononmer having one or nore of the

foll ow ng: (1) a carboxy group such that epoxy-reactive carboxyl groups
are (8 provilgeal i9f CABPIRSRE| GInBRSSSI 9Rreitiec ST SFuEPTPORERYS (a4 HPdr oxy!
group such thahd groXxys rieasit 5o/@ohyelkvexgts gk odHas are provided in the
resulting polyneric product; and (iii) a blocked am ne group such that a
bl ocked ami ne group is provided in the resulting polymer which is
capabl £3f beithe ldeeb| afc kedpdnene. (d)hbased on thebkum kifngomponepts dadvead) t o

give an epoxy ofgaehi Y& AhNE & PResgne 7.  SMC 36807

2. An aqueous curable polymer dispersion according to Claim 1 wherein
component (a) is 1,3-butadiene, isoprene, styrene, divinyl benzene,
acrylonitrile, methacrylonitrile, a vinyl halide, a vinyl ester, a
heterocyclic vinyl compound or an alkyl ester of a mono-olefinically

unsaturated dicarboxylic acid.

3. An aqueous curable polymer dispersion according to Claim 1 wherein

component (a) is of formula
CHp=CR1COOR2

where Rl is H or methyl and R2 is alkyl of 1 to 20 carbon atoms or
cycloalkyl.

4. An aqueous curable polymer according to any one of Claims 1 to 3

wherein Component (c) comprises at least one olefinically unsaturated

monomer having one or more of the following:

(i) a carboxy group such that epoxy-reactive carboxyl groups are
provided in the resulting polymeric product;

(ii) a hydroxyl group such that epoxy-reactive hydroxyl groups are
provided in the resulting polymeric product; and

(iii) a blocked amine group such that a blocked amine group is provided in
the resulting polymer which is capable of being de-blocked (i.e. the

blocking group removed) to give an epoxy reactive amine group.



5. An aqueous curabl e pol ynmer dispersion according to any one of the
precedi,ng clai ns wherein the mul ti-functional epoxy conpound is soluble in

corponent (a) and/or c) ““‘““-Aﬂ aqueous curabl e pol ynmer di spersion
accordigg & gb§y1 ﬂ gang ,5! ai s mhlcﬁ contai-ns—a-coal esci ng
sol vent. Ie polyner ording to Claim
1 wherein the pol yu yester cont ﬂmgmﬂim] sul phonat e
gr oups. 8. An aqueous | e polyner dispersi ng to any

one of Clains 1 to 7 wherein the m xture conprising conponents (a), (b) and
(c) cogfains g sgidaet aable fbiymer a&@papda%aU&&@a&bg Qop@iz;yrme i LRer si on

according to Caim1l wherein the co onent s
respec?¥%§9§7n%§lﬁﬂ‘ﬁ gherein ghggwhEht “(‘&}mné&nﬂgq"é’egg"ip Bu’t%(ff’é‘ﬁéle in

| Sopr etsmpoRbyt @A, andl/ i W) .benzene, acrylonitrile,
met hacrylonitrile, a vinyl halide, a vinyl ester or an ester
of acrylic acid or nethacrylic acid of the forml a:

CH[ er rP CR[ er&r @98Rjusr cjirable polymer dispergiemeadjozdihgite khyrongechytheand
Rl er r] e?%@lclgimslvihgc@%oﬁﬂ 3Na ﬁlesc:.ngglsol\r &yt oms or cycl oal kyI

Cbnpon conprises glycrdy act ycCl met hacryl at e, 4 epoxy
cyclohexylnethylacrylate cycl ohexyl nethylacrylate, allyl

gl ycidyl ethegn Q&%dsﬂ:uﬂ’bl\é' ﬁMymgr 47iQROXYIOAChUPHARE to Claim 1 wherein
carbox¥late nent (c) conprises an ol efinically unsaturated nononer

havi ng Eﬁ“?oéyurethane and polyesteqngpgtqﬁn FﬁquxaF*QﬁMngsulphonate groups. (i)

a carboxy group such that epoxy-reactive carboxyl

grOUpSS.are prgt\l/ Iagggoulsnc&zt]aei)lréeg&y%llezggdlggle¥81orx'li gccording to any one of Claims
1 to 7 wherein the mixture comprising components (a), (b) and (c) contains a

surfactant.

9. An aqueous curable polymer dispersion according to Claim 1 wherein

the components (a), (b) and (c) are respectively as follows:

Component (a) comprises 1,3-butadiene, isoprene, styrene, divinyl benzene,
acrylonitrile, methacrylonitrilé, a vinyl halide, a vinyl
ester or an ester of acrylic acid or methacrylic acid of the
formula:

CHo=CR1COORZ
where Rl is H or methyl and R2 is alkyl of 1 to 20 carbon

atoms or cycloalkyl;

Component (b) comprises glycidyl acrylate, glycidyl methacrylate, 3,4-epoxy
cyclohexylmethylacrylate, cyclohexyl methylacrylate, allyl
glycidyl ether or allyl or vinyl 3,4-epoxycyclohexane

carboxylate.

Component (c) comprises an olefinically unsaturated monomer having one or
more of the following
(i) a carboxy group such that epoxy-reactive carboxyl
groups are provided in the resulting polymeric

product;



product ; SMC 36807 23
~(i1) a hydroxyl group such that epoxy-reactive hydroxyl
groups are provided in the resulting polyneric
product g, %ao (rii) a b£3ocked -ant-ne - gfﬂup—such’“tﬁat a

bl ocked "anmine group IS prow de esul ti ng
pol yner which is capabl e “lm l! cked (i.
t he bl ocki ng group renoved) poxy reactlve

am ne group. 10. A process for coating.a substrate corrprl sing appl yi ng

thereto a di spersiop;accog dijagotA g&aaﬂns&cheemog@é,eyngemtﬁe HyaesLfir om and
heating the substrate to forma fil'mthereon | m qbt ai nabl e by

evaporation of water fronBEHPSheER PREVIGRIaiRidSeFesudiing PO gt o O ai m 1.

product; and

(iii) a blocked amine group such that a blocked amine group
is provided in the resulting polymer which is capable
of being de-blocked (i.e. the blocking group removed)

to give an epoxy reactive amine group.

10. A process for coating a substrate comprising applying thereto a
dispersion according to Claim 1, evaporating water therefrom and heating the

substrate to form a film thereon.

11. A film obtainable by evaporation of water from and heating of a

dispersion according to Claim 1.
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