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(57) Abstract

The invention provides a water-based coating composition in two pack form comprising: i) in a first pack a substantially non-aqueous
solution of a silicon-containing polymer which is soluble in water miscible organic solvents and essentially soluble in aqueous media, the
silicon groups on the polymer being of formula (1): -SiR!4R3., in which a is 0 to 2, R! is Cl1-6 alkyl and R is OH or a hydrolysable group,
and ii) in a second pack a polymer in dispersion in an aqueous liquid carrier for the composition, where the non-volatile binder solids
content of the composition is at least 5 % by weight and the molar concentration of silicon in the composition is greater than 0 and less

than 0.5.




applications under the PCT.

AT
AU
BB
BE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Cote d'Ivoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark

Spain

Finland

France

Gabon

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Italy

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Korea

Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia

MR
MW
NE
NL
NO

PL

RO
RU
SD
SE

SI

SN

TG
T)

UA
us
uz

Mauritania

Malawi

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovenia

Slovakia

Sencgal

Chad

Togo

Tajikistan

Trinidad and Tobago
Ukraine

United States of America
Uzbekistan

Viet Nam




WO 96/18698 PCT/GB95/02889

10

15

20

25

30

The present invention relates to a water-based coating
composition in two-pack form containing a silane polymer.
The invention also relates to a process of coating using the

coating composition, and to a coated substrate obtainable by

the coating process.

Water-based dispersions or solutions of polymers having
hydrolysable silane groups are known as shown, for example,
in GB-A-2215339, EP-A-276469 and US-A-4384013. Coating
compositions containing such groups &are known to exhibit
excellent solvent resistance cdue to strong silane bonding
when cured. A problem with compositicns containing agueous
dispersions or solutions of polymers having such groups is
that only low levels of silane can be incorporated into the
polymer if the cocmposition is to remain stable for any
useful period of time. Thus, the silane level must be kept
low if there is to be little or no deterioration of the

composition prior to use. However, the use of low levels of
hydrclysable silane groups in the polymer leads to a low
level of cross-linking in films formed from these composi-
tions, which in turn leads to poor film properties such as

poor water resistance and poor organic solvent resistance.

In addition, whether the silane containing polymer is in
dispersion or solution in the liquid medium of the coating
composition affects the maximum level of the polymer that
can be present in the composition. For reasons well known in
the art, it is desirable for a coating composition to have

a high non-volatile solids content. Coating compositions
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containing the polymer in dispersion in aqueous media can
have high levels of polymer, but the level of silane must be
kept low if the composition is to remain chemically stable.
Coating compositions containing the polymer dissolved in
aqueous media on the other hand can contain higher levels of

silane but only low levels of polymer if they are to remain

chemically stable.

EP-A-485,067 discloses a one-pack curable coating
composition comprising a mixture of an agqueous dispersion of
a first silane containing polymer and an aqueous solution or
dispersion of second silane containing polymer having a
molecular weight less than 20,000, in the presence of a
polyethylene glycol compound. The composition contains only
relatively low eifective levels of silane functionality, in
order to achieve one pack stability. 3 slightly higher
level is achievable due to the presence cf the polyethylene

glyccl compound.

85,057 ciscloses a '"one pack" curable

18y

Further, EP-A-
cationic coating composition comprising a mixture of an
agueous dispersion of a first silane containing polymer, and
a solution or dispersion of a second silane containing
polymer. The second polymer additionally comprises
covalently bonded caticnic nydrophilic groups in a
sufficient amount to render the second polymer soluble or

self dispersable in agueous medium.
However, a problem with the systems described in EP-A-
485,067 and EP-A-485,057 is that it is only possible to

include relatively low levels (or low functionality) of
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silane solution polymer in the system to retain chemical

stability, and this in turn limits the quality of film

obtainable.

EP-A-267,698 discloses a "two-pack" curable paint
composition comprising a silane functional acrylic polymer
component and a silane functional oligomeric hardener where

each component is dissolved in a non-agueous solvent. In

practice a catalyst such as dibutyl tin dilaurate is

required to catalyse the silane cross-linking reaction.
The use of an organic carrier as opposed to water enables
higher levels of silane to be obtained in the resultant
composition. However, organic solvent based formulations
and formulations containing tin compounds are undesirable
because they have a harmful influence on the environment.

Also the polymers used in this system are mnot water

miscible.

Accordingly, &an object of the present inventicn Is to
provide a water-pased coating compositicn that has & usable
pot-life and yet has a relatively high silane ccntent so

that films with good properties are formed.

Thus, according to a first aspect of the invention, there is
provided a water-based coating composition in two pack form
comprising: i) a first pack comprising a substantially non-
agqueous solutiocn of a silicon containing polymer which is
soluble in water miscible organic solvents and essentially
soluble in aqueous media where the silicon groups on the

polymer have the formula (1) below:
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(1) -SiRY,R;.a

in which a is 0 to 2, R! is Cl1-6 alkyl, and R is OH or a

hydrolysable group, and

ii) a second pack comprising a polymer dispersed in an
agueous liquid carrier for the composition, where the non-
volatile binder solids content of the composition is at
least 10% by weight and the molar concentration of silicon

in the composition is greater than 0 and less than 0.5.

preferably, R comprises few, or even no OX groups, &and may
therefore in a preferred embociment comprises predominantly
hydrolysable groups, in particular alkoxy g¢roups such as
ethoxy and methoxy groups. R is also preferably methyl or

ethyl groups.

The substantially non-agueous solution polymer pack oI the
two pack compcsition according to the inventicn comprises
less than 5% water, preferably less than 2% water, more
preferably less than 0.1% water. A particular advantace oI
the two pack compcsition according to the invention is that,
if the solution silicon polymer can be retained in its
unhydrolysed state (ie it has not had significant contact
with water) it will have an enhanced ability, at least in
the short term, to cross link with other polymers in the

composition, and thereby provide improved coatings.

The water-based mixed compositions according to the present
invention can remain stable for a number of hours, even when

the silane ccncentration is close to the specified maximum
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level of 0.5. Moreover, the present compositions can be made
to form cured films, which show improvements over films
formed from the individual polymer components in that they
are hard yet possess a degree of flexibility which prevents
them from cracking. Films cure rapidly at room temperature

and also have excellent adhesion to substrates.

Preferably the molar concentration c¢f silicon in the
composition is at least 0.02, more preferably from 0.1 to
0.4. By molar concentration of silicon in the ccmposition
is meant the molar composition in the mixed solution, and

not just its concentration in one or other of the packs.

In the two-pacx formulation of the inventicn, the
water-based compcsition described comprises the agqueous
polymer dispersicn in a first pack and the silicon
containing polymer dissolved in a substantially non-agueous
organic solvent which is essentially soluble iIn agueous
media in a second pack. In use, the dispersion polymer and
solution polymer zre mixed together to form a ccmpositicn

having a molar ccncentration of silicon of less than 0.5.

In an envisaged zspect of the invention, it is possible to
utilize the invention by providing a single pack containing
a substantially non-aqueous solution of the silicon
containing soluticn polymer as described herein. This can
be sold separately, and can be subsequently combined by a
user with a conventional dispersion polymer coating

composition in crder to boost the performance of the

dispersion polymer coating composition.
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The resultant mixture is usable for at least one hour, and
in some cases usable after eight hours. This provides
sufficient time for a user to apply the composition to a

substrate after the polymeric components have been mixed.

The use of the two-pack formulation makes it possible to
achieve a relatively high concentration of silane in the
final composition which has previously not been possible
with aqueous based compositions. Moreover, the present
composition does not reguire the presence of a catalyst to
form cured films, and can conveniently be catalyst free.

Alternatively, & catalyst can be added in some cases toO

promote curing.

In addition to a nhigh silane concentration, the ccmposition
of the present invention may contain a high bindexr solids

content, eg up to 70% or more, which makes it particularl
< S Y

suiteble for use as a surface coating. By 'binder solids'
- e

is meant the film-forming porticn of the present

compesition, ccmprising polymeric components. Generally,
pigments, extenders and non-polymeric chemical additives
such as stabilisers are not considered part of the binder
solids. In this disclosure, the term binder solids therefore

includes the solution polymer and the dispersion polymer.

The azgqueous medium of the mixed composition is one which

predominantly comprises water. Because the silane containing

solution polymer is made in a substantially non agueous

organic solvent, the liquid medium in the resultant mixed

composition will necessarily contain some organic solvent.

However, the liguic medium is of the mixed composition
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preferably at least 60% by weight water, and more preferably

at least 75% by weight.

The mixed coating composition contains at least 5%, more
preferably at least 10% by weight, even mcre preferably at
least 20% by weight of non-volatile binder solids.
Preferably the coating composition contains less than 95%,

more preferably less than 70% by weight of non-volatile

binder solids.

The solution polymer preferably contains & wmaximum
non-volatile (NV) binder solids content c¢f 80 to 100% by

weight and a corresponding maximum organic solvent content

of 0 to 20% by weight.

The solution polymer according to the invention preferably

has a silicon concentration cf 0.5-8%, more preferably 1-7%

by weight.

In addition, it 1is a preferred embodiment that the
substantially non-aqueous solvent of the soluticn polymer
contains a relatively large amount (eg. 70% by weight or
more) of an alcohol which is soluble in water. Such
alcohols include short chain (eg C,.) alcohols, for example
ethanol or methanol, and the Dowanol (trade mark) solvents
(eg Dowanol BM). Such alcohols are believed to contribute
to the chemical stability of the soluticn peolymer in the

pack, and therefore improve the shelf life of the solution

polymer pack.
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In a further preferred aspect of the invention, the solution
poclymer may additionally comprise from 1-10% by weight of
the solution polymer of a compound containing a poly
(ethylene glycol) moiety. rreferably the solution comprises
from 2 to 6% by weight of the solution polymer of a compound

containing a poly (ethylene oxide) moiety.

pPreferably the polyethylene oxide moiety has a molecular

weight between 200 and 5000, and more preferably between 350

and 2500.

One particularly suitable compourd is methoxypolyethylene
oxide (2000) methacrylate, commercially svailable as Meo PEG

2000 MA from Inspec Ltd.

The weight averacs molecular weight of the solution polymer
is preferably from 500 to 300,000. 211 molecular weights
disclosed herein are determined Dby gel permeation
chromatography using a
tyrena standard and tetrahydrofuran as the

n

with a poly

eluting solvent.

The solution polymer is preferably an addition vinyl polymer
comprising structural units and functional units. The
structural units are conveniently derived from vinyl

monomers which d&o nct have reactive groups to silane

functionality.

The structural units may be acrylic monomers which do not
have reactive groups such as C1-10 alkyl esters of acrylic

or methacrylic acid such as methylmethacrylate,
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ethylmethacrylate, propylmethacrylate, butylmethacrylate,
pentylmethacrylate, hexylmethacrylate, ethylacrylate,
propylacrylate, butylacrylate, pentylacrylate,
hexylacrylate, octylacrylate and 2-ethylhexylacrylate.
Preferably the structural units are selected from Cl-6 alkyl
esters of acrylic or methacrylic acid, and most preferably

are Cl-4 alkyl esters of acrylic and methacrylic acids.

In addition to or instead of the acrylic monomers described
above, other non-silane containing polymerizable monomers
can be used for the purpose of achieving desired properties
such as hardness and appearance. Examples of such other

monomers are styrene, acrylamide, acrylonitrile and glycidyl

methacrylate.

The structural units can also comprise a small proporticn of
hydroxyl functional polymerized monomers in an amount of up
to 5% by weight cn the weight of the solution polymer.
Suitable monomers include hydroxy C2-6 alkyl acrylates or
methacrylates. Examples of hydroxyl functional monomers are
hydroxy ethyl acrylate, hydroxy propyl acrylate, hydroxy
butyl acrylate and hydroxy ethyl methacrylate. The hydroxy
functional groups can react with silane groups in the
solution polymer to produce more bonding in the composition

although low levels are preferred to avoid gelation.

The structural units preferably form 50 to 90% by weight

based on the weight of the solution polymer.

Other useful polymers include silane functional
polyurethanes, polyesters and epoxy polymers, which are

known in the art.
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Thus, the actual amount and type of structural units are
chosen to provide the desired polymer glass transition temp-
erature (Tg) as calculated by the Fox equation. In general,
the solution polymer has a Tg of from -20 to g80°C,

preferably from -5 to 40°C.

In formula (1) above R' is preferably Cl1-3 alkyl, most
preferably methyl or ethyl. The hydrolysable group is one
which can be hydrolysed to give a hvdroxyl group on the
silicon atom in the presence of water. Zxamples of suitable
hydrolysable groups are Cl-6 alkoxy, C2-4 alkanoyl, enolate

and oxime. Preferably R is Cl-6 alkoxy, particularly methoxy

or ethoxy.

Examples of useful functional monomers are
3 (trimethoxysilyl) propyl methacrylate, 3 (dimethoxymethyl
silyl) propyl methacrylate, 2-(3-cyclohexenyl)
ethyltriethoxysilane, 3-butenyl triethcxyoxysilane, vinyl
trialkoxy silanes such as vinyl trimethoxy silane and vinyl
triethoxy silane, and cationic hydrophilic units that are
derived from monomers which carry cationic hydrophilic
groups or acid addition salt forming groups. An example of

a useful monomer having an acid additicn salt forming group

is 2-aminoethyl methacrylate.

Examples of useful cationic polymers, and their synthesis,
are more fully described in EP-A-485,057 (Imperial Chemical
Industries plc) on pages 5-8, though in the context cf the
invention these polymers are only included in the non-

aqueous solution polymer component . Such suitable polymers
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for the manufacture of the cationic polymer are derived from

epoxy resins, acrylic epoxy polymers and polyesters.

In a preferred embodiment of the invention, the polymer is

a result of the reaction between an epoxy resin/polymer and

an amino silane. Suitable epoxy resins include vinyl or

acrylic polymers containing glycidyl groups, or epoxy resins
based on bisphenol A/epichlorohydrin or phenol
formaldehyde/epichlorohydrin resins which are known in the
art, and ccmmercially available. Suitable amino silanes
include gamma-amino propyl triethoxysilane, gamma -
aminopropylmethyl dimethoxy silane, and N-methyl camma amino

propyl trimethoxysilane.

Preferably the functional monomers containing the silane
groups contribute from 5 to 20% by weight of the weight of

the solution polimer.

ey comprisss water solubilising ¢roups in
= soluticn polymer essentially

le in the aqueous media. The solution

o

soluble or dispersa
ispersion

oN

polymer may be parctly in scluticn and partly in
in the agueous medium. The water solupilising groups may
comprise anionic, cationic or nonionic groups as desired, in
sufficient amounts to render the solution polymer soluble,
by choosing the type of the monomers. The cationic groups
can be cationic cuaternary ammonium groups. The monomers
containing the water solubilising groups may contribute from

5 to 30% by weicht on the solution polymer.
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Examples of scuitable acid water solubilising groups are
carboxylic acid groups, sulphecaic acid groups and phosphoric
acid groups. Preferably the acid groups are carboxylic acid
groups such as methacrylic acid, acrylic acid, itaconic acid
or fumaric acid. It is preferable to react the acid group
with an organic or inorganic zlkaline substance in order to
fully dissociate the acid groups in an amount sufficient to

cause the polymer to be soluble in water as is well known in

the art.

Examples of suitable caticnic water sclubilising groups are

rv ammonium groups cr acid addition salt groups.

0
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Examples of acig additi

o
groups and protcnated thioethsxy groups.

Examples c¢f suitable nonicnic nydrophilic g¢rougs are
pyrrolidone grcuos, nydroxyvl croups and poly(ethylene oxide)
units with & molecular weight of Irom 200 to 2000.

In prefsrrsc emdociments tre sciuticn pclymer may ccontain a

mixture of anicnic and nonicnic groups, or & mixture of

caticnic and rnonionic groups.

The soluticn pclymer may &ilso contain up to 5% by weight of
s chain transfer agent. The crain transfer agent is used to
adjust the mclecular weight and cthe reactivity of the
polymer. It is preferred to usé a silane chain transfer
agent. Examples of cuitable crhain transfer agents are alkyl

mercaptans such as gamma-mercapto propyl trimethoxy silane

and octylmercaptan. Multi-functional chain transfer agents
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such as pentaerythritol-tetra-mercapto-propionate may also

be used.

The dispersed polymer preferably contains a maximum NV
binder solids content of 60% by weight &and has a
corresponding minimum water content of 40% by weight. A
typical dispersed polymer contains a NV binder solids
content of 40 to 55% by weight, preferably 50% by weicht.
The dispersed polvmer can be made up of the same structural
units as descriped above for the solution colvmer.
Opticnally it mzy contain a polyfunctional monomer such a
divinyl benzene, ethylene glyccl dimesthacrylate, ailyl
methacrylate or psntaerythritol triacrylate. , preierre
monomer is allyl masthacrylate used at & level of up to €%,
or more vreferanly at a level cf up to 4%.

It may also ccntein a2 low level o©f a monomer containing a

silare group accerding to formuia (i) above, which can also
cross link in ths cured £ilm. It can also be in th
& microgel. Preiferably the dispersed polymer contains from

0% by weich:t cof silane monomer, more pbreferably ZIZrom

[

0 to
0.5 to 6%, and mcst preferably from 1 to 4%. The dispersed

icen,

polymer preferaply contains up to 1% by weight ci si

more preferably 0.05-0.5% by weight of silicon.

The dispersed polymer may also contain water solubilising

groups as described above to render it dispersable In the

agueous media.
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In a preferred embodiment, the agueous polymer dispersion
can additionally® comprise up to 10% by weight ci the
dispersion polymer solution. The presence of the solution
polymer in the dispersion polymer pack may act as a
dispersant for the dispersion polymer, and any piligment in
the composition. As such, it may be possible to make the

dispersion polymer pack with a reduced amount, or even no

additional dispersant.

A surfactant may be associated with or covalently bonded to
the dispersed polymer in order IO stabilise the rvolymer
articles in the agueous media. A conventional zanicnic,
cationic or non-icnic surfactant may be used. Preferably it
anionic or ncn-ionic surfactant for use with anicnic
or non-ionic solution polymers for colloidal stability of
the final composition. Examples oI suitable anicnic

sulphonates. Examples of suitable

t
V]
3
t
1)}
(V)]
5]
W
m
|_
7y
<
—

suriac

non-icnic surfactants are nonyl ohencl ethers angd aikyl

the dispersed polymer particles may be from 40

Hh

ize ©

he
e

‘e

-]
mn
[

o 400 nm, prefesrably from 40 to 200 rm.

ct

ispersed polymer may have a Tg cf from -20 to 80°c.

-]
o
®

[of

The final composition suitably contains up o 80%,
erably 10 to 60%, Dby weight of NV binder solids and 40
to $0% by weignt of liquid carrier. A typical ccmposition
having a 1:1 weight ratio of solution polymer to dispersion

1 r may contain a NV binder solids content of between
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In the composition, the weight ratio of the solution polymer

to the dispersicn polymer may be from 20:1 to 1:20, more

preferably generally in the region 4:1 to 1:2. For a stable
composition which has a high solids content, ie greater than
20%, the levels of the two types of rpolymer in the
composition are dependent on the level of silane functional
units in the solution polymer. Thus, for example when the
silane functional units are present in an amount of 5 % by
weight on the solution polymer, the weight ratio of the

solution polymer to the dispsrsed polymer may be from 9:1 to

1:1, more preferably from 2:8 to 7:3. When the silane

functional units are present in an amount o 15% by weight

on the solution polymer, the weight ratio of solution

polymer to dispersed polymer may be from 9:1 to 3:7, more

preferably from 7:3 to 3:7. When the silane functional

units are present in an amount of 30% by weight on the

solution polvmer, the weight ratio of the solution polymer

th

reierably ircm 2:8 to 7:3.

O
'y

to the dispersed zclymer :s

It has been found that compositions containing both types of
polymers and having a silicom molar ccncentration of greater
than 0 and less than 0.5 fcrm f£ilms exhibiting desirzble

properties such as good solvent resistance and hardness.

A further embodiment of the present inventicn is & process

of preparing the compositicn described above. The process

comprises forming a silicon ccntaining solution pclymer in

a water-miscible organic solvsnt which is soluble in agueous

media, forming a agueous poiymer dispersion, and mixing or

blending the two polymers, wnhereby the molar concentration

of silicon in the final blernd is less than 0.5.
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The solution polymer can be made by conventional methods
such as by mixing together a monomex mixture with an
initiator and slowly adding the mixture to a water miscible
solvent which is maintained at a suitable reaction
temperature. Suitable polymerisation initiators include

azobis diisobutyronitrile and tertiary butyl peroxy-2-ethyl

hexanoate.

The use of a substantially non-agqueous organic solvent for
the polymer soluticn avoids hydrolysis and ccndensation of

rocess wnich

'

the silane grcups during the polymerization

1

th silane

(@]
th

can result in dsterioration oF gelaticn

.

reactivity. The crganic solvent may be any that iIs easily
miscible in watar and is a solvent for the polymer. Examples

are a glycol ether such as propylene glyccl mcnoethyl ether

(available as Dcwanol PM fyom Dow Cremicals), ethylene

glycol monobutyl ether (availabie as Butyl Cellosolve from

¥

nion Carbide), an aikyl 2lconol such as gropan-1l-ol and

-

cne C

g

butan-1-ol, and N-methyl pyrrclidone. Taey are usad a

in ccmbinaticn.

The dispersion pclymer 1s made by conventional emnulsion

polymerisation crocedures. In the preferred process, the

monomers are slcwly fed into the agueous medium together

with a surfactant and a polymerisation initiator such as

hydrogen perorzide oOr ammonium persulphate or a mixture of

of sodium

tertiary butyl nydroperoxide, or & mixture

metabisulphite and ammonium persulphate, cr a mixture of

hydrogen peroxids and ascorbic acid.
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The resultant mixture is stirred during the addition of the
initiator and the monomers so as to form an emulsion. The
temperature of the reaction mixture is maintained
sufficiently high so as to cause polymerisation of the

monomers, for example between 30 and 100°.

The composition can also comprise other conventional
components such as pigments, dispersants, fillers,
thickeners, biocides UV stabilisers, curing agents cross
linkers, catalysts, surfactants, dispersants, solvents, and

other film forming polymers, in particular epoxy resins.

A further embodiment of the present invention is directed to

a process of coating a substrate using the coating

composition comprising the steps of: (a) applying a layer of
a curable composition as herein described to the surface of

a substrate, and (b) allowing or causing the layer to cure.

The curable composition can be applied to a substrate by
conventional means such as brushing, roller-coating,

spraying or dipping. Suitable substrates include steel,

aluminium, wood, plastic and glass. The composition finds

particular use in all aspects of the coating of automobiles,

including application of primer or surfacer coats, base

coats, and clear coats. The composition can also be applied
over a suitable base coat or undercoat, for example as a
topcoat. The layers may be applied wet-on-wet, ie, where a
second coat is applied without curing or completely drying
the previous coat. The coated substrate can then be dried

under ambient or elevated temperatures to allow simultaneous

curing of both coats.

SUBSTITUTE SHEET (RULE 26)
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The layer can be cured either by allowing the agueous phase
to evaporate at room temperature or by heating, for example
to 150°C for 20 to 60 minutes, more preferably 50-70°C for
30-70 minutes. The layer can also force cured by the use of
enhanced airflow over the surface of the film from a spray
gun, or from an Agua Dry (trade mark) unit, or from any

other suitable eguipment, at either ambient or elevated

temperatures.

preferred coating compositions include where the compesition
is a clear coat composition, in which case it conveniently
has a non-volatile binder solids content of 30-70% by

weight, and as a primer composition, in which case it may

have a non-volatile binder solids content of 20-50% by

weight.

A further embodiment of the present invention is & coated

substrate having adhered thereto a coating accordinz to the

above composition.

The invention will now be further described by means of the

following examples in which parts are given by weignht.

EXAMPLES

1. Preparation cf acrylic colution polvmer.

The following general methocd Wwas used to make solution

polymers 1 to 17. The guantities of ingredients used are

given in Tables 1 to 3 below and the solvent was calculated

to give a polymer with a non-volatile (NV) binder solids
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content of 50%. The Tg of the polymers are calculated by the

Fox eguation.

A flask was charged with Dowanol PM (trade mark) and heated
to 101°c in the presence of a flow of nitrogen. The
monomers given in Tables 1 to 3 were added over two hours.
To the monomer feed was added azodiisobutyronitrile (ADIB)
initiator. After a two hour feed of monomers, a spike of
further ADIB was added to the reaction vessel in order to
ensure full polymerisaticn. The reacticn was allowed to
react for a further hour. Typical molecular weights

produced by this process are in the regicn 1,500 to 8,000.

2. Preparation of dispersion peolymex 1.

A mixture of 1516 parts water, 80 parts methylmetnacrylate,
80 parts butyl acrylate and 2 parts Aercsol OT 75 (z sodium
salt of dioctyl sulphosuccinate available frem Cytec)
surfzct-ant were heated to 70°c for about 32 minutes, with a
flow cf nitrogen to remove the oxygen ZIrom tnhe xrsaction
vessel . The reaction initiator ammonium persulphate, 1 part,
and water, 12 parts, were then added to the reaction vessel,

and the mixture was heated for a further 20 minutes.

A main monomner feed comprising 522.1 parts
methylmethacrylate, 634.8 parts butylacrylate, 22.7 parts
propyl trimethoxy silane methacrylate (available Ifrom 0Si
Specialities), &and 6.4 parts Aerosol OT were added over
three hours while maintaining the temperature at 70°C.

Simultaneously, & separate feed of 4 parts ammonium

persulphate in 80 parts water was added to the reactor.
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The preparation was heated for a further hour, then allowed
to cool and filtered. The resulting dispersion had a NV
solids content of 45%, a Tg of -5°%, a silane monomer
content of 2.2%, and a particle size of 166 nm as measured

by a Malvern Autosizer 2c (Trade Mark c¢f Malvern

Instruments) .

The following abbreviations are used in the Tables given

below:

MMA is methylimethacrylate.

BA is butvlacrylate.

MAA is methacrylic acid.

MPTS is gamma-mercapto propyl trimethoxy silane.
ADIB is azodiisobutyronitrile.

SP is solution polymer.

DP is dispersion polymer.
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TABLE 1

The silane monomer levels in the solution polymer were varied.

Solution Parts By Weight
5 Polymer
No.
Tg=-5°C MMA BA Silane* | MAA MPTS ADIB ADIB Dowanol
Monomer 1 2 PM
1{34.98 | 57.52 0]7.50 0| 1.86 0.21 100
2134.31 | 55.68 2.50{ 7.50 4.99]|1.86 0.21 105
10 3]133.64 | 53.86 5.00 ] 7.80 5.01]1.86 0.21 105
4{32.30}50.20 20.00 1| 7.50 4.9911.86 0.21 105
5S131.00 | 46.50 15.001} 7.50 5.00 ] 1.86 0.21 105
6 [ 30.96 | 46.54 15.00| 7.50 0] 0.93 0.10 100
7129.81 | 42.90 20.00 | 7.50 5.00] 1.86 0.21 105
15 8 | 26.98 | 35.44¢ 30.06 | 7.52 5.011]1.86 0.21 105

* Al74, propyl trimethoxy silane msthacrylate, ex O0Si

20 TABLE 2

The MAA levels in ths solution polymer were varied.

Solution Parts By Weight
Polymer
25 No.
Tg=-5°C MMA BA Silane MAR MPTS ADIB ADIB Dowanol
Monomer 1 2 PM
| 40.67 | 44.38 14.95 0 5.00 | 1.86 0.21 105
10 | 37.42 | 45.08 15.01 2.50 5.01 4| 1.86 0.21 105
111 34.19 | 45.79 15.00 5.00 S.00( 1.86 0.21 105
30 12 | 21.26 | 48.72 15.01 | 15.01 5.00 | 1.86 0.21 105
13 1.86 | 52.85 15.09 ) 30.19 5.0311.87 0.21 105
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TABLE 3
The Tg of the solution polymer was varied.

5 || Solution Parts By Weight
Polymer
No. Tg MMA BA Silane MAA MPTS ADIB ADIB Dowanol
(°C) Monomer 1 2 PM
14 | -i5 32.04 § 51.29 9.53 7.14 01.77 0.20 100
15 | -15 28.20 | 40.85 23.81 7.14 011.77 0.20 100
10 16 | -5 29.61 | 42.90 20.00 7.50 5]1.86 0.21 105
17 | 40 54.50 | 18.00 15.00 7.50 511.77 0.21 100

g e e ol
ooy A fm e e
e n L : mrer e o~ .y



WO 96/18698
23

10

15

20

30

PCT/GB95/02889
3. Formulation of blends

To 16.7 parts dispefsion polymer (DP) 1 was added 14.2 parts
water followed by 1 part ammonia solution. To this mixture
was added 15 parts of one of the soluticn polymers (SP)
No.'s 1 to 16 given in Tables 1 to 3 above with stirring.
The resulting mixture had a 1:1 weight ratio of DP:SP and
a NV solids content of 32%. Pigmented systems were made by
a similar method such that 14.2 parts of millbase (70% NV)
was added to 16.7 parts dispersion polymer, with 32.8 parts
of water and 1 part ammonium hydroxide solution. To this
mixture was added 15 parts of one of the soluticn polymers
defined. The composition had & final XV content of 32%.

To form pigmented films, pigments {(eg titanium dioxide)
were introduced into the coating ccmposition by <first
forming a mill base or pigment dispersion with a suitable

pigment dispersant polymer by conventional technigues such

as high speed mixing, sand grinding, ball milling, attriter
grirnding or triple roll milling. The pigment dispersicn may

comprise an added pigment dispersant; however it is possible
that the solution polymer in the compositicn may act as the

pigment dispersant. It is therefore ccntemplated that the

composition may comprise a reduced amcunt of added pigment
dispersant to that which would normally be added, or may
even absent altogether an added pigment dispersant. The
pigment volume concentration was 14%. IZ the pigment is
stabilized in the agueous media by an added pigment
dispersant, this could be a comb type having a hydrophobic

backbone and hydrorhilic pendant groups. The mill base was
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then blended with the other constituents used in the coating

composition.

The resulting mixture was cast onto a glass panel using a
200 micron block spreader, and allowed to dry under normal
conditions of temperature and humidity. The resulting films
were tested for cure by rubbing with a methvl ethyl ketone
soaked rag ("MEK rubs" - a standard test in the industry)
and were tested for hardness - (HD) using the Erichson
Pendulum. In the Tables below the MEX results are the number
of double rubs (ie, one upward and one cownward stroke on a
test panel with a methyl ethyl ketone soaked rag) required
to first expose the substrate (up to a maximum of 200
strokes). The Erichson results represent the number of

seconds registered by the Erichson Hardness meter per test.
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TABLE 4
Clear Films Pigmented Films
Compositions MEK HD MEK HD
containing (double (seconds) (double (seconds)
SP No. rubs) rubs)
1 11 7 3 10
2 11 - 22 14 23
3 42 19 17 34
4 200 28 101 45
5 200 27 200 55
6 200 41 200 58
7 200 42 200 60
8 200 45 200 58
9 - - - -
10 - - - -
11 199 25 150 39
12 200 47 200 66
i3 200 54 200 64
14 200 28 200 54
15 200 50 200 64
16 200 42 200 60
17 200 48 - -

=

Table ¢ shows that compositions having a NV binder solids

content of 32% and a 1:1 ratio of DP:SP have excellent film
preperties when the silane monomer is present in an amount
of 10 to 30% on the solution polymer (compare SP No's 1 - 3
and 4 - 8)and excellent film properties when the acid

monomer levels are more than 2.5% (SP No's 11 -17 versus
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9), and are preferably at least 5%. Also it is seen ﬁhat a
change of the Tg of the solution polymer (14-17) from -15
to +40°c has no s;gnificant effect on film properties. The
gelation times of the compositions in Table 4 were greater
than 1 day. Samples 9 and 10 would not dissolve, and hence

could not be measured with the level of acid used.

Using solution polymer No.3 in Table 1 above the eifect of
changing the weight ratio of dispersion to solution polymer

in the composition on MEK, ED and gelation time is shown in

Table 5 below:

TABLE 5
Ratio of DP : SP MEK HD Molar Time to
(Tg=-5°C) Conc. gel
Si

100:0 13 9 0.025 > 1 day

90:10 5 13 0.03¢ > 1 day

80:20 8 9 0.047 > 1 cay

70:30 7 10 0.058 > 1 day

50:50 42 19 0.070 > 1 day

30:70 200 16 0.10 > 1 day

20:80 148 19 0.11 > 1 day

10:90 75 22 0.13 > 1 day

0:100 72 15 0.14 > 1 day

Table 5 shows that both excellent £ilm properties and good
pot-life are obtained when the weight ratio of DP:SP lies in

the range from 30:70 to 20:80. 211l compositions had a NV

solids content of 32%.
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Using solution polymer No.5 in Table 1 above the effect of

changing the weight ratio of dispersion to solution polymer

in the composition on MEK, HD and gelation time is shown in

Table 6 below:

TABLE 6
Ratio of DP:SP MEK ED Molar Time to
(Tg=-5°C) Conc. gel
Si

100:0 16 9 0.025 > 1 day
90:10 25 12 0.046 > 1 day
80:20 30 17 0.070 > 1 day
70:30 139 19 0.0S > 1 day
50:50 200 26 0.1¢ > 1 day
30:70 200 27 0.18 > 1 day
20:80 200 30 0.21 < 2 hours
10:90 170 33 0.22 < 2 hours
0:100 200 32 0.25 < 2 hours

Table 6 shows that when the silane monomer is 15% v weight
on the solution polymer excellent film properties and pot-
life are obtained when the weight ratio of the DP:S? is from

70:30 to 30:70. All compositicns had a NV solids content of

32%.

Using solution polymer No.8 in Table 1 above the eifect of

changing the weight ratio of dispersion to solutiocn polymer

in the composition on MEK, ED and gelation time is shown in

Table 7 below:
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TABLE 7
Ratio of DP : SP | MEK HD Molar Time to
(Tg=-5°C) : Conc. gel
Si

100:0 11 10 0.025 > 1 day
90:10 €4 19 0.063 > 1 day
80:20 200 28 0.11 > 1 day
70:30 200 34 0.14 > 1 day
50:50 200 48 06.22 > 1 day
30:70 - - 0.30 <2 hours
20:80 - - 0.3¢4 <2 hours
10:90 - - 0.35 <2 hours
0:100 - - 0.£2 <2 hours

Table 7 shows that when the silane monomer is present at 30%
by weight on the solution polymer, both excellent film

properties and pct-life are chbzained when the weicht ratio

of the DP:S> lies in the range £0:20 to 50:50. 211

o\®

32

(]}

compositions had a NV solids ccntent ¢

The 30:70 to 0:100 compositions could not be measured for

their MEK and ED values, due to rapid gelation.

A test in which the molecular weight of the solution

polymer was changed from 1,500-€,000 to 140,000 showed that

changing the molecular weight had little effect on the MEK

and HD tests with pigmented films.
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0 4. Preparation of dispersion polymer 2 having a Tg of 20° C,
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1.0% wt. acid functionality and 2.2% wt. silane monomer.

A mixture of 2041 parts water, 107.68 parts
methylmethacrylate, 107.68 parts butyl acrylate and 2.68
parts Aerosol OT surfactant were heated to 70°C for 30

minutes, with a flow of nitrogen to remove the oxygen from

the reaction vessel.

1.36 parts of the reaction initiator ammonium persulphate
(APS) and 16 parts water were added to the reacticn vessel.

This mixture was heated for a further 20 minutes.

The main monomer feed comprising 945.2¢ parts
methylmethacrylate, 598.16 parts butylacrylate, 39.69 parts
silane monomer Al74 (propyl trimethoxysilane methacrylate,
available from 0Si Specialities), 18.16 parts methacrylic
acid, and 8.6 parcts Aerosol OT was added over three hours
while maintaining the temperature at 85°C. Simultaneously,

a separate feed of 5.4 parts APS in 107.68 parts water was

put into the reactor.

After the feed monomers were added the preparation was
heated for a further hour and then allowed to ccol and

filtered. The latex had a NV solids content of 45% and a

particle size of 188nm.

The resultant latex was blended with solution polymer 17 (Tg

40°C) in a 1:1 weight ratio.
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5. Preparation of dispersion polymer 3 having 2.20% wt,

silane monomer and a Tg of -5°C where a non-ionic stabiliser

and a redox initiator are used.

A mixture of 616.74 parts water, 32 parts
methylmethacrylate, 32 parts butyl acrylate and 9 parts
nonylphenolpolyethyleneoxide (commercially available as
Levelan P208 from Lankro Chemicals) were heated to 50°C for

30 minutes with a f£low of nitrogen to remove the oxygen from

the reaction vessel.

The reaction initiator ascorbic acid (Aldrich),1 part, and
5 parts water were added to the reaction vessel followed by
an addition of a solutiocn of .1 parts hydrogen peroxide

(100 Vol) and 5 parts water. This mixture was heated for a

further 30 minutes.

'g
[\
H
ct
)]

The main monomexr feed comprising 237

methylmethacrylate, 288.12 parts putylacrylate, 12.5 parts

'd

Al174, and 18 parts nonylphenolpolyethyleneoxide was added

over three hours while maintaining the temperature ac 50°C.

Simultaneously, two separate feeds of 1 part ascorbic acid

in 60 parts water, and 1 part hydrogen peroxide in €0 parts

water were put into the reactor.

After the feed monomers were added the preparation was
heated for a further hour, then allowed to cool and

filtered. The latex had a NV solids content of 45% and a

particle size of 148 nm.

The resultant latex was blended in a 1:1 ratio with solution

polymer 5.
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6. Preparation of dispersion polymexr 4 having a Tg of -20°C,
S W 1 i % w i

A mixture of 1602 parts water, 80 parts butylacrylate and 2
parts Aerosol OT were heated to 70° for 30 minutes with a

flow of nitrogen to remove the oxygen from the reaction

vessel.

The reaction initiator,l part, and 12 parts of water were

added to the reaction vessel. This mixture was heated for a

further 30 minutes.

The main monomer feed comprising 359.1 parts
methylmethacrylate, 829.8 parts butylacrylate, 27.8 parts
Al74, 13.9 parts methacrylic acid and 6.4 parts Aerosol OT
were added over three hours while maintaining the
temperature at 70°%. Simultaneously, a separate fead of 4

parts APS in 80 parts water was put into the reactor.
After the feed monomers were added the preparation was
heated for a Zfurther hour, then allowad to cocl and
filtered. The latex had a NV solids content of 45%.

The resultant latex was blended with solution polymer 5.

The MEX, HD and pot-life of the blends are given in Table 8

below:
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0 TABLE 8
DP No. |SP No. |MEK HD Time for Gelation
2 17 200 71| > 1 day
3 5 200 16 | > 1 day
5 4 5 200 31| > 1 day
3. preparation of Dispersion Polymer o
10 A dispersion polymer compositicn & was prepared
according to first polymer 2 composition of EP
485,067 (Imperial Chemical Industries plc). Thus,
the following solutions were prepared and blended
according to the following protocol:
15
Seolution Weignt (g
A: Water £30.00
"Levelan" P208 8.5
20 Sodium bicarbonate 2.03
B: Methyl methacrylate 23.8
Butyl acrylate 27.5
25 C: Water 6.75
t-butyl hydroperoxide 0.24
D: Water 12.00
Sodium Metabisulphate 0.48
30
E: Water 6.00
0.24

Sodium Metabisulphate
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F: Water 6.80
Ammonium persulphate 1.35
G: Methyl methacrylate 304.4
Butyl acrylate 244 .4
"Levelan" 208 9.70
Stabiliser Precursor 31.90

3 (trimethylsilyl) propyl

methacrylate 15.6
H: Water 38.25
Sodium Metabisulphite 1.53
I: Water 5.40
Ammonium persulphate 0.65
J: Water 18.00
Sodium Metabisulphite 0.76
X: Water 7.02
Metacide 300 1.76

(commercial antifungal agent)

Method of Preparation

(A) was charged into a 2 litre flask fitted with a
reflux condenser, a thermometer and a stirrer. The
mixture was warmed to 50°C and charge (B) was added.
The contents were stirred for 10 minutes to emulsify
the acrylic monomers. Charged (C) was added,
followed by 10 min stirring. (D) was then added and
the temperature was raised to 60°C. (E) was added,

followed by 20 minutes stirring, during which time a
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prepolymer seed was formed, consisting of particles

of number average diameter 75nm.

Charge (F) was added, followed immediately by the
dropwise and concurrent addition of (G) and (H) over
a period of 150 minutes. Stirring was continued for
a further 10 minutes and charged (I) was added in one
portion followed immediately by (J), dropwise over 30
minutes, The mixture was stirred for 20 minutes and

cooled to below 3C°C when (K) was added, followed by

10 minutes stirring.

The resulting mixture was filtered, giving a stable
colloidal dispersion of pH 6.4, 50% solids, a silicon
content of 0.28% by weight, a Tg of 10°C as
calculated by the Fox eguation and a number average

diameter as measured on & Malvern Zetasizer

(available from Malvern Instruments, England) of

170nm.

Preparation of Soluticn Polymex 18

Solution polymer 18 is an acrylic polymer made using
an acid functional monomer and a silane functional
monomer, prepared as described in relaticn to second

polymer 5 in EP 485,067 (Imperial Chemical Industries

Plc) .

A 3 litre resin flask fitted with a stirrer, a
thermometer, a reflux condenser, a nitrogen inlet and
a heating mantle was charged with 667g of 1-methoxy-
2-hydroxypropane and heated to 110°C with stirring
and nitrogen bubbling through at the rate of 1 ml per

second. A mixture of 393g methylmethacrylate, 371g
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butylacrylate, 36g acrylic acid, 50g tertiary butyl
peroxy-2-ethyl hexanoate and 200g 3 (trimethoxysilyl)
propyl methacrylate was added dropwise over 3 hours
via a mechanical pump. The temperature of the
mixture was maintained at 105-110°C throughout the
duration of the feed. The mixture was further
stirred for 15 minutes. 10g teriary butyl peroxy-2-
ethyl hexancate was added in 6 portions over 1 hour.
The mixture was stirred for a further 15 minutes

before it was allowed to cool to room temperature.

Solution Polymer 19

Solution polymer 19 was manufactured according to the same
method and composition as soclution polymer 7 in table 1

above, only with the 5.00 parts of MPTS replaced by 5.00

parts of octyl mercaptan.

Blends

Blends were prepared as described below which contain
essentially similar levels of silicon, but the blends have
been made by different routes, and then cast over glass
panels using a 200 um block spreader. The resulting films

were examined for solvent resistance using the method

described above ("MEK rubs").

Blend 1

Blend 1 was prepared by mixing dispersion polymer 5
described above with solution polymer 18 as described above,
in a ratio such their non-volatile contents are 1:1. The

composition had a total non-volatile content oI 35%.
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To effect the blending, the solution polymer is neutralised
by adding to the solution at room temperature sufficient
ammonium hydroxide solution to fully neutralise the acid
functionalities. This was followed by 6% (by weight of non-
volatile content) nonyl phenol polyethyleneoxide, and then
a sufficient amount of water to afford a NV content of 31%.
The solution was then allowed to stand for three days, and
was then blended with dispersion polymer 5 to afford a

solution with 35% non-volatile content.

(Blend contents; dispersion polymer 5 10g, water 2.44g,

solution polymer 18 16.13g.)
Blend 2

This composition was made &according to this invention.
Dispersion polymer 5 (10g) was mixed with water (8.2g) and
ammonia solution (0.41g). To this mixture, solution polymer
19(10g) as described above was blended to affora a 353% NV

coating with a sclution Gispersion ratio of 1:1.
Blend 3

This composition was made in the same way as Blend 2, but

solution polymer 7 was used instead of solution polymer 19.

The solutions were made up and a set of films cast. These

were left for 24 hours, then examined for their solvent

resistance by the MEK rub test.
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0 Results
Blend MEK rubs Comments

1 17 Poor crosslinking
2 200 Excellent cure
3 200 Excellent cure
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These results show the benefit of mixing together the
solution and dispersion polymers just prior to application,
and of protecting the soluticn polymer from exposure to
water until it is mixed with the dispersion polymer. In
particular, blend 1 represents a composition according to
the prior ICI patert application EP 485,067 discussed above
which has been aged for a period of time in water and can be
considered to be a prior art comparative composition,
whereas blends 2 and 3 represent compositions according to
the invention, where the solution polymer is retained in a
non-agueous environment until mixing with the agueocus
dispersion polymer. For blends 2 and 3, blendinz the
solution polymer and dispersion polymers just prior to use
gives the full potential of silane cross linking, whereas

blend 1 clearly has inferior solvent resistance to blends 2

and 3.

Blends 4 & 5

Blends 4 and 5 were prepared to demonstrate the utility of

the invention with cationic solution polymers.
Seolution Polymex 20

Solution polymer 20 was prepared in accordance with the
second polymer 1 example in EP-A-485,057 (Imperial Chemical

Industries plc). This solution polymer is an epoxy derived
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A/Ephichlorohydrin type epoxy resin and an aminosilane.

a) Preparation of non-agueous solution polyvmer 20

Epikote 880 (a bisphenol A/Epichlorohydrin type epoxy resin
of equivalent weight 192 from Shell Chemicals, 106.5g) was
mixed with N-methylaminopropyltrimethoxysilane (127g) and
Dowanol PM (dipropyleneglycolmonomethylether from Dow
Chemicals; 80g) at 25°C with stirring under nitrogen.
Stirring was continued for 1 hour, the temperature was
raised to 50°C and the mixture was stirred for 3 hours. The
resulting polymer had a weight average molecular weight of
1,700 and a final solids content of 74.4%, with a calculated

silicon content of 7.3% by weight.
b) D atsi £ e g

The resulting mixture was cooled to 25°C and & portion
(239g) was mixed with glacial acetic acid (25g), Zcllowed by
slow addition of water (1424g) over 5 minutes with rapid
stirring. The product was an aqueous solution which was
clear to the unaided eye and which was stable on storage at
ambient temperature for over one year. This agueous
solution concentration represents the maximum possible

without the lcss of chemical stability.

The dispersion polymer used in blends 4 and 5 was dispersion

polymer 3 described above.

Blend 4

Blend 4 in essence corresponds to a composition according to

EP-A-485,057 (Imperial Chemical Industries plc). Hence
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0 17.7g of dispersion polymer 3 was combined with 20.0g of
aqueous cationic solution polymer 20. The final composition
has NV content of. 26.6% and was pot stable for more than 5
days. The molar concentration of silane in the polymer was
0.15.

5
Blend 5
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Blend 5 represents a cationic polymer mixture according to
the invention. Hence, 17.7 g of dispersion polymer 3 was
added to a mixture of 1.6g water and 0.24g acetic acid.
Subseguently 2.75g of non-agueous solution polymer 20 was
added to this mixture with stirring. The resulting

composition has a NV content of 46.6%, and a molar

concentration of 0.25. The sample gelled within 24 hours.

Both blends were cast over a glass panel with a 400um

spreader, and examined for hardness and solvent resistance.

Blend 4 provided a good film and withstood more Blend 5
likewise provided a good film, and resisted more than 200

MEK double rubs. The film has a hardness of 11 seconds.

These results show that the two pack version (blend 5) can
be applied at a higher solids level and higher molar

concentration of silicon, but provides a composition with a

shorter pot 1life.
Blend 6 Microgel latexes

To a microgelled latex as described in example 24 of EP-A-
300,612 (Imperial Chemical Industries plc), 10g at 23% NV
was added 3.5g water and 0.75g ammonium hydroxide solution,

and mixed. To this mixture was added 10.72g of solution
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0 polymer 7 as described above (ie containing 20% Al74) with
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mixing. The resultant blend had a NV content of 32% and a
solution polymer:dispersion polymer ratio of 7:3. The

resultant composition had a molar concentration of silicon

of 0.26.

Once mixed, the sample was cast onto a glass panel with a
200um block spreader and allowed to dry under normal
conditions of temperature and humidity. The sample had a
usable pot life of less than two hours and the cast films
were left overnight before testing to afford an Erichson
hardness of 50 seconds and MEK rub value of 130. This
example demonstrates that silane functionality in the
dispersion polymer is not essential, and also that

satisfactory coating compositions can be made using microgel

dispersion polymers.

7 - F vasin addition
13.5g of solution polymer 7 as described above was mixed
with 1.5g Epikote 880 (ex Shell). The mixture was then
added to a mixture of 16.3g dispersion polymer 3 as
described above, 14.2g water and 1g ammonium hydroxide
solution. The resultant blend had a final sclids content of

32% NV and a solution polymer:dispersion polymer ratio of

1:1.

The resultant blend was cast onto a glass panel in the

conventional manner. The film had solvent resistance of 200

MEK double rubs, and an Erichson hardness of 20 seconds. 1In
addition, this composition showed good performance in water

resistance tests. This example therefore demonstrates that

epoxy resins can be satisfactorily added to two pack systems
according to the invention, to provide improved water

resistance. Certain preferred embodiments of the invention
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additionally comprise at least 5% by weight of epoxy resin

in the solution polymer.

Blend 8 GMA Functional Latex

To a glycidyl functional latex as defined in EP-A-300,612
example 1.2 (10g at 30% NV) was added water (6.5g) and
ammonium hydroxide solution (0.75g), and mixed. To this
mixture 14g of solution polymer 7 (containing 20% Al174) was
added, and mixed. The resultant blend had a NV content of
32% and a solution polymer: dispersion polymer ratio of 7:3.
The composition had a molar concentration of 0.26. The
composition had a pot life of about 2 hours, and when
assessed as described above, had a solvent resistance oi 200
MEK rubs and an Erichson swing hardness of 36 seconds.

5. Preparation of Other Silane Tunctional Solution

Polymexs

Isocvanate Termirnated Polvurethane

A mixture of 42 parts of dimethylol prcpionic acid, 319.55
parts of Oxylfex resin (S1015-120, ex. Czcidental Co.) was
heated to 80°C until a clear solution was obtained. The
solution was allowed to cool to 50°C, and then 338.34 parts
of Desmodur W resin (ex. Bayer), and 0.18 parts of tin

octoate were added. The resulting mixture was maintained at
a temperature of 90°C for one hour. Then a further. 0.02

parts of tin octoate was added, and the mixture was heated

for a further hour.

Silarne Functional Polvurethane

300 parts of the isocyanate terminated polymer made above
was heated to  58°C, and 198 parts of N-methyl
aminopropyltrimethoxy silane (ex. Huls Corporation) was

added over a period of 20 minutes. The reactants were
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Dowanol PM was added to afford a solution polymer of 80% NV.
Other patents which describe the composition and synthesis
of polyurethane polymers include US 3,941,733 (3M), Us
3,983,291 (3M), and EP-A-485,067 {Imperial Chemical

Industries plc).

I _ _ .

=1 D -
38.5 parts of Dianol 33 (a bisphenol A propylene oxide
adduct ex. Akzo Chemicals), 1 part of trimethylol propane,
11.4 parts maleic anhydride, 0.013 parts Fascat 4101
(catalyst, ex. M&T Chemicals UX) and 5 parts of xylene were
mixed and heated to about 20°C. The water evolved was

collected using a Dean Stark apparatus.

When the resulting unsaturated polyester polymer had an acid
value of 22mg KOH, the heat was removed and on cooling to

80°C, 24.5 parts xylene and 24.5 parts Dowanol »P»M were

added.

The solvent was removed under reduced pressure, and replaced

with 54 parts of Dowanol PM, to afford a solids content of

60%.

Si] F . 1 pol
75 parts of N-methyl aminopropyltrimethoxy silane was added
with stirring to 253 parts of the unsaturated polyester
mixture described above. This was allowed to stand at

ambient temperature for 7 days. The resulting polymer had

a number average molecular weight of 8,129.
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0 CLAIMS
1. A water-based coating composition in two pack form
comprising: -
i) a first pack comprising a substantially non-aqueous
5 solution of a silicon-containing polymer which is soluble in

water miscible organic solvents and essentially scluble in
agqueous media, the silicon groups on the polymer being of
formula (1):

10 (l) "SiRlaR3.a
in which a is 0 to 2, R! is Cl-6 alkyl and R is OH or a
hydrolysable group, and

15 ii) a second pack comprising a polymer in dispersion in an
aqueous liquid carrier for the composition,
where the non-volatile binder solids content of the
composition is at least 5% by weight and the molar

20 concentration o silicon in the compositicn is greater than
0 and less than 0.5.
2. A coating composition according to claim 1 wherein
the molar concentration of silicon is at least 0.02.

25
3. A coating composition according to claim 2 wherein
the molar concentration of silicon is from 0.1 to 0.4.
4. A coating composition according to any one of the

30 preceding claims, wherein R is predominantly hydrolysable

alkoxy groups.
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5. A coating composition according to claim 4, wherein

the hydrolysable alkoxy groups are ethoxy or methoxy groups.

6. A coating composition according to any one of the
preceding claims, wherein the solution polymer has a silicon

content of 0.5-8% by weight of silicon.

7. A coating composition according to claim 6, wherein

the solution polymer has a silicon content of 1-4% by weight

of silicon.

8. A coating composition according to any one of the
preceding claims, wherein the dispersion peclymer has a

silicon content of up to 1% by weight.

9. A coating composition according to claim 8, wherein
the dispersion polymer has a silicon content in the region

0.05-0.5% by waight.

10. A coating composition according to any onse cf the

preceding claims, wherein <the solution polymexr and

dispersion polymer are present at a weight ratio in the
region 20:1 to 1:20.
i1. A coating composition according to claim 10, wherein

the solution polymer:dispersion polymer weight ratio is in

the region 4:1 to 1:2.

12. A coating composition according to any one of the
preceding claims, wherein the non-volatile content of the

coating composition is greater than 10%.
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13. A coating composition according to claim 12, wherein

the non-volatile content of the coating composition is

greater than 20%.-

14. A coating composition according to any one of the

preceding claims, wherein the non-volatile ccontent of the

coating composition is less than 95%.

15. A coating composition according to claim 14, wherein

the non-volatile content of the coating composition is less

than 70%.

16. A coating composition according to any one of the
preceding claims, wherein the water solubilising groups in
the solution polymer are any one of anionic, caticnic, or

nonionic groups, in sufficient amounts to render the

solution polymer soluble in the aqueous media.

17. A coating composition according to claim 16 wherein

the water solubilising groups cn the solution pclymer are

both anionic ané nonionic grours.

18. A coating composition according to claim 16 wnherein

the water solubilising groups on the solution polymer are

both cationic and nonionic groups.

19. A coating composition according to any one of the
preceding claims, wherein the solution polymer or dispersion
polymer comprises any one of wvinyl, acrylic, epoxy,

polyurethane or polyester polymers, or mixtures thereof.

20. A coating composition according to any one of the

preceding claims, wherein the dispersion polymer is

internally cross linked.
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21. A coating composition according to any one cf the
preceding claims, wherein the aqueous dispersion polymer
composition pack additionally comprises up to 10% by weight

of the dispersion polymer of the solution polymer.

22. A coating composition according to any one of the

preceding claims, wherein the dispersion polymer is in the

form of a microgel.

23. A coating composition according to any one of the
preceding claims, additionally comprising one or more of
curing agents, cross linkers, catalysts, pigments,
thickeners, fillers, biocides, surfactants, dispersants,

solvents, other film forming polymers and UV stabilizers.

24. A coating composition according to any one of the
preceding claims, wherein the coating compositicn is a clear

coat, top coat, base coat, surfacer or primer composition.

25. 2 coating composition according to claim 24 which is

a clear coat composition having non-volatile binder sclids

content of from 30-80% by weight.

26. A coating composition according to claim 24 which is

a primer composition having a non-volatile binder solids

content of from 10-70% by weight.

27. A coating composition according to claim 24 wherein
the composition is a primer composition and additicrally

contains at least 5% by weight of epoxy resin in the

solution polymer.
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28. A coating composition according to any one of the
preceding claims, wherein the solvent for the solution

polymer contains a water soluble alcohol.

29. A process of preparing a coating composition
according to any one of the preceding claims comprising
forming a silicon containing solution polymer in a water
miscible organic solvent, forming an aqueous polymer

dispersion, and mixing the two polymers together.

30. A process of enhancing the performance of a coating
composition comprising a dispersion polymer in an agueous
liquid carrier, comprising adding theretoc a substantially
non-agueous solution of a silicon-containing polymer which
is soluble in water miscible organic solvents and

essentially soluble in aqueous media, the silicon groups on

the polymer being of formula (1):
(1) ‘SinaRz_a

in which a is 0 to 2, R* is Cl-6 alkyl and R is OH or a
hydroiysable group, to provide a mixed composition where the
non-volatile binder solids content of the compositicn is at
least 5% by weight and the molar concentration of silicon in

the composition is greater than 0 and less than 0.5.

31. A process of coating a substrate comprising the steps

of

a) applying a layer of a curable composition accerding to

any one of claims 1 to 28 to the surface of a substrate, and

b) allowing or causing the layer to cure.
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0 32. A substrate having a coating of & composition

according to any one oif claims 1 to 28.
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