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This invention relates to a water-borne coating composition
containing as one component an epoxidised natural rubber, to
5 the preparation of such a composition and to its use.

Natural rYubber latex was used as a component in oil-based
paints and in*watg;—based distempers in the 1930’s. THe
compositiohs curfénE-at that time are extensively reviewed

10 in "The Chemjistry and Technology of Rubber Latex” C.
Falconer® Flint 581-590, Chapman & Hall Ltd London 1938.
"ﬁlthough such paints were apparently to be found on the
market, it is known that they suffered from substantial
disadvantages in their stability, consistency, and brushing

15 characteristics. Moreover, the paint films which they form
suffered particular disadvantages in that they underwent
severe ye;ipwing and embrittlement as a result of oxidated
degradation. Further, the coatings tended to peel and show
low resistance to damage from mechanical impact.

20 |
Accordingly these early compositions failed to achieve
sustalned comqgrc1al appllcatlon
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PR =
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Although a later publication "Latex in Industry" 2nd Edition

25 R.J. Nobel 689-692 Rubber Age New York 1953 reported a
resurgence of interest in rubber latex-based paints, this
was short-~lived. Rubber latex systems had been totally
eclipsed by the advent of polybutadiene and butadiene-
styfene systems developed in the 1940’s and acrylic latexes

30 developed from the 1950’s onwards. In short, there has been
effectively no interest in natural rubber-based paint
latexes over the past four decades.

We have now found that when epoxidised natural rubber is
35 used as a component in coating compositions, certain
surprising and unexpected benefits are obtained. For
example, as compared with rubber latex-based coatings, the
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FafConer Flint 581-590, Chapman & Hall Ltd London 1938. Although such
paints were apparently to be found on the market, it is known that they
suffered from substanti al di sadvantages in their ‘dglr_ : ency,
and brushing 15 characteristics. Mreover, the pEu?ﬁ* Hf ;@@ﬁéﬁ% y form
suffered particul ar disadvantages in thai'&hey u ow ng
and enbrittlenent as a result. of oxidated degradation. Further, the

coatings tendflm® peare andShdfvl vl r egiesd f o d@mgyeldewinschanndal
inmpact. 20  embrittlement. Moreover, films are tough and resistant to

mechanical damage. As compared with coatings based on the

most up-to-date acrylic latex systems, the epoxidised
5 natural rubber systems produce coating films which are

equally mechanically durable but are far more tenacious in

their adhesion to substrate surfaces. Hence, in contrast to

acrylié-based paint systems they can be used as a film-

former in a coating composition without the need for an
10 adhesion promoter.

US-A-3 243 401 is concerned with latexes of epoxidised
conjugated diene polymers having an epoxy equivalent weight
of 2000 to 200. The epoxidised polymers illustrated in the

15 Examples are synthetic copolymers; The latexes have many
uses as binders in paper and fabric production and
processing. In use these binders need to be cured with a
cross~-linking agent, in particular a urea formaldehyde
derivative.

20
Certain epoxidised 'rubber derivatives are known. A
particularly effective process for their preparation has
been described in GB-A-2 113 692. They are used
substantially exclusively as raw materials for vulcanisation

25 and hence for the manufacture of hard rubber goods such as
rubber seals and tyres. Their use as a component in water-—
borne paints is unknown.

In the present context the term "rubber" in the phrase
30 "epoxidised natural rubber" is used to mean rubber latex as
found in nature.

Accordingly in its broadest aspect, the present invention
35 provides a water-~-borne coating composition containing as one
component a latex of an epoxidised natural rubber.

This Sheet Has Been Reli



Acﬁﬁrdlngly t hese early conpositions falled to achi eve sustai ned commerci al
appllcatlon Al though a | ater publication "Latex in Industry 2nd Edition

25 R J.  Nobel 689-692 Rubber Age New York 1953 repg —esurgence of

i nter.est in rubber |atex-based paints, this was shpr [
systens had been totally eclipsed by the adlvent of
but adi ene- ene systens devel oped in the 1940's and o3 gs 30

devel oped froéh@héesgse efopmexidation pHrihe tmkeema@lﬂeém ma&tmpehe no

interest in ngtunalastublss -daseHePdhbretical maximum number of double
bonds available for epoxidation. In practice, also the

maximum level of epoxidation will not usually exceed 90%.

5 Examples of lower limits of epoxidation are 15% and 20%.
Examples of upper limits of epoxidation are 60%, 70% and 75%
of the theoretical maximum. The percentage of epoxidation
referred to here is as defined in GB-A-2 113 692.

10 The function that the epoxidised natural rubber performs in
the paint depends upon the proportion that it makes up of
the total binder solids content of the composition. At
lower levels, for example 15% by wéight or more (up to 20%
or up to 25% by weight), the resins are surprisingly touch

15 dry even though  the epoxidised natural rubber has a low
minimum film forming temperature (MFT). At higher levels,
for example 50% by weight of total binder solids, the films
formed have tenaceous adhesion.

20 The paints prepared according to this invention will in
general be formulated with another resin as part of the
total film-former.

Standard film~forming resins for use in the present
25 invention are generally stable dispersions of polymer
particles in water.

Examples of classes of such polymers are polyacrylate and
polymethacrylate polymers and co-polymers and polyvinyl

30 esters and co-polymers and styrene and butadiene co-
polymers.

Examples of polyacrylates are polymers of C;—; alkyl esters

of acrylic and methacrylic acid. Examples of such acrylate
35 esters are methyl acrylate, ethyl acrylate, butyl acrylate,

hexyl acrylate, 2-ethylhexyl acrylate and octyl acrylate.
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natural rubber is 35 used as a component in coating conpositions,
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Examples - of such methacrylate esters are  methyl
methacrylate, ethyl methacrylate butyl methacrylate and
hexyl methacrylate.

Examples of vinyl esters are wvinyl C,—, alkanoic acid
esters, particularly, vinyl acetate, wvinyl propionate and
"vinyl versatate'. Vinyl versatate is the trade name for a
mixture of vinyl esters where the alkanoic acid component is
derived from a mixture of branched chain acids containing on
average about 10 carbon atoms per alkyl unit.

The co-polymers that can be used as primary film—-formers can
be co-polymers based on two or more of the acrylate,
methacrylate or vinyl ester monomers referred to above.

Alternatively the co-polymers can be formed with or include
other co-monomers, for example free carboxylic acids,
hydroxy esters, di-functional esters and/or hydrocarbons.
Examples of such free acids are acrylic, methacrylic maleic
and fumaric acids.

 Examples of hydroxy esters are hydroxy C,—¢ alkyl acrylates

and methacrylates, especially 2-hydroxy ethyl acrylate and
methacrylate, 3-hydroxy prdpyl acrylate and methacrylate, 3-
hydroxyprop-2-yl acrylate and 4-hydroxy butyl methacrylate.

Examples of difungtional esters are C—y alkyl maleates and

We have now found that when epoxi di sed

are

fumarates, particularly dimethyl and diethyl maleate and _

fumarate.

Examples of hydrocarbons are styrene and optionally
substituted styrenes.

The precise composition of the polymer or co-polymer will
depend wupon the particular physical characteristics
(especially glass transition temperature) that the polymer

a——
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enbrittl enment. Moreover, filnms are tough and resistant to nechani cal
damage. As conpared Mﬁth coatings based on the nobst up-to-date acrylic

| at ex systens, the epoxidised 5 natural rubber sfSters=peeduce coating
films, which are equally mechanically durabl e but é?ﬂSSdEEmegé 3|ous in
thei r adhesion to substrate surfaces. Hend, in ontréﬁﬂ%mmE@cry
pai nt systens they can be used as a film former I1n a T R=—CaaR aS|t|on
wi t hout the né&dregniradiboagrBibéf . pr dRoaEPropriAts QQQPQ@& ipg e8RcPened

with | atexes gbrepedi Bys§fandard techniques.

At levels about 15% by weight of total binder solids the
5 epoxidised natural rubber begins to behave as part of the
film-former. Examples of other 1levels at which the
epoxidised natural rubber contributes to film formation are
20%, 25% and 30%. At levels of 50% by weight it will tend
to determine the characteristics of the film. The greater
10 the difference in hardness between the epoxidised natural
rubber and any other film-former the more pronounced is the
extent of this determination when this effect begins to take
place. The proportion of the epoxidised natural rubber can
be increased until it constitutes the entire film-forming
15 component of the composition.

The level of epoxidation has an impact on the physical
properties of the epoxidised natural rubber and in
particular its glass transition temperature (Tg). The Tg of

20 the derivative is a property that has to be taken into more
careful consideration when the derivative is employed as a
film-former than when it is being used as an adhesion
promoter. The Tg of epoxidised natural rubber is generally
less than 20°C. Natural rubber with 75% epoxidation has a Tg

25 of 10°C and below. Natural rubber with 65% epoxidation has
a Tg of -10°C and below.

One particular benefit of using epoxidised natural rubber as
a film-former is that coating compositions can be produced

30 which have relatively low MFT’s, often below -8°C. The MFT
is the minimum temperature'at which a resin system forms a
film. It is measured according to ASTMP test 2354-91. MFT
differs from Tg in that Tg is a fundamental characteristic
of a polymer, whereas MFT is a characteristic of the paint

35 or resin system. It is effected by the make-up of the resin
blend and the presence or absence of co—solvent.

—
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cofij ugat ed di ene pol yners having an epoxy equival ent wei ght of 2000 to 200.
The epoxi di sed polynmers illustrated in the 15 Exanples are synthetic
copadlymers. The | atexes have many uses as blnders in paper and fabric
prqduction and processing. In use these binde ,

cross-1inking agent |n particular a urea 9 or . 20
Certain epoxidis bber  derivatives l 1 A N'cularly
effective pr08@§§nfﬁys ﬁ@?rbBFESaPQtFBHxﬁgése' TaceralxUbbers flave the

advantage that generally low MFT'’s -can be achieved without
the need to use co-solvent. Yet the films formed are hard,
durable and display.excellent adhesion to substrate.

The compositions of the present invention can be produced by
standard methods, for example by blending the epoxidised
natural rubber in the form of a latex with other components
that are standard for coating compositions.
10 '

Components standard for paint compositions are pigments
(especially in the form of a mill-base), extenders,
dispersants and film-formers.

15 The coating composition is made by standard mixing and
blending techniques.

The epoxidised rubber latex can be made using or by analogy
with known processes as described for example in
20 GB-A-2 113 692 and Ind Eng Chem Res 1991 30 2573-76.

The natural rubber itself is known and can be obtained by
tapping from plants.

25 The waterborne coating composition of the present invention
is wused to form protective or decorative coatings on
substrates, for example the exterior or interior of
buildings, engineering and architectural structures, 1land
and water-based vehicles and aircraft.

30
The composition can be applied by conventional techniques,
for example brushing, dipping, spraying, roll—coating and
curtain coating. The resultant film drys at ambient
temperature to form a tough durable coating which has

35 excellent adhesion to substrates and is resistant to
weathering and embrittlement.
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beén described in GB-A-2 113 692. They are used substantially

-exclu5|vely as raw materials for vul cani sati on 25ame=he or the

manuf acture of hard rubber goods such as rubber s[;mﬁsséEEFﬁﬁ“““~air use
as, a.conponent in water- borne paints is unknomn I n thﬁwﬂh EEN

t he tern1"rubber" in the phrase 30 "epOX| di sed narurs nm=-;_“h*;u:ed to
mean r ubber t ex found |n nat ur e, org I n one aspect, thi
pr esent inve Srf %ﬁxbdﬁﬁﬁﬂ HQﬂrSU|tabIe for

use in formng a protectlve or decoratlve coating on a substrate

EXAMPLE 1: Preparation of coating compositions.
5 MILLBASE

A dispersion vessel was loaded with 280.8g water, 10.4g
pigment dispersant DISPEX GA40 and 0.6g anti-foam agent
DISPELAIR CF 246 and the contents were mixed for 5 minutes.
10 To the mixture was slowly added 1137.5g TiO, (RUTILE TiO,
TIOXIDE TR 92) over 10 minutes. There was then added 90.8g
water and the mixture was dispersed for 15 minutes.
Finally, there was added 1.6g In-Can Preservative METACIDE
300 and 78.3g water and the mixture was stirred for a
15 further 20 minutes.

PAINT

25g of millbase was mixed with 3.2g styrene-acrylic
20 dispersion ROPAQUE OP-62LOE.

The following latex formulations were prepared:

(1) 36.5g ENR* latex (65% epoxidation), 0.2g anti-foam
25 agent DISPELAIR CF246.

(2) 36.5g ENR* latex (50% epoxidation), 0.2g anti-foam
Agent DISPELAIR CF 246.

30 (3) 36.5g ENR** latex (65% epoxidation), 0.2g anti-foam
agent DISPELAIR CF246.

(4) 1.4g water, 21.9g acrylic latex solution,
14.6g water, 0.2g anti-foam agent DISPELAIR CF246.
35 '
Latex formulations (1), (2), (3) and (4) were added to
respective millbase/styrene—acrylic dispersion mixtures to
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of”a type which is allowed to dry at ambient tenperatures in.which one

-conponent of the conposition is an epoxidised natural rubber having 3 a.
a dégree of epoxidation of from50 to 90% of L.cal maxi mum nunber
of , doubl e bonds avail abl e for epoxidation in nd b. a
glass transition tenperature (Tg) of Iessath '

nat ural rubber has a naturally ,ccur . i
gorm sampfe Nos.” % { pg ?85 . ampre=No. (D)
which contains a standard acrylic latex was used as a

control.

5 ENR* = epoxidised natural rubber according to GB-A-2 113 692
ENR**= epoxidised natural rubber according to GB-A-2 113 692
with modified catalyst.

EXAMPLE 2:
10
This Example compares the properties of a film formed from
an ENR latex with a film formed from a standard acrylic
latex and also demonstrates the effect of the degree of
epoxidation of a natural rubber latex on the properties of
15 the film. The samples prepared according to Example 1 were
used except that in Table 1 the samples were clear films
prepared without pigment (TiO0,).

20 TABLE 1
Sample MFT°C Yellowing Tack—free Water
(aB) (1 at 1 hr Spot' at
Month, 70°C, ‘| 24 hrs
dark)
A 0 5.1 | Yes Good
25 B <-8 10.3 Yes/No Good
C | <-8 8.7 Yes Good
D -3 0.8 No . Good
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I n‘a further aspect the invention prow des a wat
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d./~ a glass transition tenperature (Tg) of |ess than [err] and wherein the
natural rubber has a naturally occurring nolecul g -|oht The percent age
of époxidation referred to here is as defined in ?

functi on that the epoxidi sed natural rubber perf FﬁaAﬁﬂggN
upon the proportion that it nakes up of thg tot a~=hi 'L§6EDds co
the conpositions. At |lower |levels, for exanple 15% by mef‘hr e (up to

20% or up to PR Qés\/l@'tghfshowt he FI%‘-leé% ar %rﬂ'rﬂrtﬁéﬂgf?{lﬁgufbrﬁlé& EYen
t hough t he epoxi dj natural rubber ha | ow m ni.mum fi In1forn1n

t enper &l ur e PRRR SRS AT dttn et T B35 BRCKETSR 25t 1t BPRE

bi nder sol i dsan@heav¥e |good wated bwe Ard dsBsslsi gl 1Y iyt andee. pRbBeover,

pr epar ed accoLdigel oy LAT S JRNRRt I oE W L1 kD 92AgLah Do O IV GLSE. W |

OO0

5 embrittlement or excessive yellowing, there is efficient
film formation down to a temperature of -8°C and films are
not thermoplastic when subjected to a temperature of 70°C
for 24 hours.

10 COMPARATIVE EXAMPLE

Example 2 of US-A-3 243 401 was repeated exactly as
described but replacing palmitic ethoxylate with ocenol
ethoxylate, this being more readily commercially available,

15 and yielded an epoxidised latex having an oxirane content of
2.24% (reported value 2.03%).

The relative adhesion properties of the latex prepared
according to US-A-3 243 401 was compared with that of an
20 epoxidised natural rubber latex according to the present
invention. One sample of latex according to the present
invention was coated on to unscuffed aged alkyd film on a
wood substrate. Two portions of latex according to Example
2 of US-A-3 243 401 were coated on to two identical aged
25 alkyd films on a wood substrate. One of these samples was
cured using commercial urea formaldehyde (BEETLE 610) as
described in US-A-3 243 401, the other was uncured.

The results of the adhesion tests are shown in Table 3.
30
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res§in as part of the total filmformer. Standard filmformng resins for
use tn fhe present invention are generally stable dispersions of polyner
particles in water. As is indicated above, exanples of classes of such

pol.yners are acrylate and net hacryl ate pol yners and co-pol ymers and vi nyl

ester polyners and co-polynmers and styrengiand but agEsre=sses
Exanpl es of acrylate polyners are pol yners of [err]
and nethacrylic acid. Exanples of such TABIE @B e est§

et hyl
oct yl

acrylate, butyl acrylate, hexyl acrylate, 2-eflT
acryl ate.

Adhesion to Alkvyd

Latex 1 Latex 2 Latex 2 Cured

5 Dry 0% 30% 0%

Wet 0% 80% 0%

The results are expressed as % adhesion failure.

10 Latex 1 is latex according to the present invention. Latex
2 is latex according to US-A-3 243 401.

Latex 2 (unlike Latex 1) remains tacky even after .24 hours
and requires curing with urea formaldehyde to form a proper
15 paint film.
I —
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4'EXaﬁbIes

of such nmet hacryl ate esters are met hyl net hacryl at e,
ethyl nethacrylate butyl nethacrylate and hexyl methacrylate. 5 Exanples of

vinyl esters are vinyl [err] alkanoic acid esters, particularly, vinyl

acetate,

S

vinyl propionate and "vinyl versatate" |
trade name for a mxture of vinyl esters yhere the aVM@nQ#
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REp EEN
CLAIMS LACED

1. A water-borne coating composition containing as one
component a latex of an epoxidised natural rubber.

2. A composition according to claim 1, where the degree of
epoxidation of the natural rubber is at least 10% of the
theoretical maximum.

3. A composition according to claim 2, where the degree of
epoxidation of the natural rubber is up to 90% of the
theoretical maximum.

4, A composition according to any one of the preceding
claims, where the epoxidised natural rubber comprises at
least 15% by weight of the total binder solids content of
the composition.

5. A composition according to claim ¢4, where the
epéxidised natural rubber comprises between 20 and 35% by
weight of the total binder solids content' of the
composition.

6. A composition according to claim 4, where the
epoxidised natural rubber comprises more than 25% by weight
of the total binder solids content of the composition.

7. A composition according to any one of the preceding
claims, where the epoxidised natural rubber has a glass
transition temperature (Tg) of less than 20°C.

8. A composition according to claim 7, where the
epoxidised natural rubber has a Tg of less than 0°C.

9. 'Use of a létex of an epoxidised natural rubber as a

component of a water-borne coating composition.
-
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derived froma m xture of branched chain acids containing on 10 average
about 10 carbon atons per alkyl unit. The co-polynmers that can be used as
primary filmfornmers can be co-pol yners based on two or nore of the
acryl.ate, nethacrylate or vinyl ester nonomers refer . :
Al ternatively the co-polymers can be forngg with or || neksideest Has BEEN
co-nononers, for exanple free carboxylic acids, hydripxy e&ﬂsnuacsa
di -functional esters and/or hydrocarbons. Exanples o

acrylic, nmethacrylic maleic
y qo.y Use of a latex of an epoxidised natural rubber as an

ir e
adhesion promoter in a water-borne coating composition.

5 11. A process for preparing a water-borne coating
composition which comprises mixing a latex of an epoxidised
natural rubber as defined in any one of claims 1 to 8 with
other components of a coating composition.

10 12. A method of coating a. substrate which comprises
applying to the surface of the substrate to be coated a
water-borne coating composition as claimed in any one of
claims 1 to 8 and allowing the composition to dry at ambient
temperature and to form a film.

15
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20-and fumaric acids. Exanples of hydroxy esters are hydroxy [err] alkyl
acryl ates and net hacryl ates, especially 2-hydroxy ethyl acrylate and.
met hacryl ate, 3-hydroxy propyl acrylate and nethacrylate, 3- 25

hydr oxypr op-2-yl acryl ate and 4-hydroxy butyl nethacrylate. Exanples of
di functional esters are [err] alkyl nuleajgs and fumarates, particularly

di methyl and di ethyl maleate and fumarate. 30 Exanpl 2 ydr Qcarbons are
styrene and optionally ABSTRACT THIS SHEET HAS BEEN
: REPLACED

COATING COMPOSITION
5 A water-borne coating composition contains as one component
a latex of an epoxidised natural rubber. The composition
has a low minimum film-forming temperature (MFT), and

produces films which are hard, durable and display excellent
adhesion to substrate.

10 - -

i

30

35



subét i tuted styrenes. The precise conposition of t . Q 0- pol yner

wi 't .35 depend wupon the Dparticular physical ck
(especially glass transition tenperature) that th .j
SHEET 5- dt hi bi t A t Ea=he §
o s rﬁﬂwn%m leg)éolnw;terbomo Qn% éo% &n&o %Sx'm.mnun poxilised
: -Mrﬂmbbu.tothcpuwﬂonofmhncompcﬁﬁmmdumun. R TR *

R Natural rubber [atex way'used as & component in oll-based paints and In watsr-based distempers in the

1930's. The compositions current ai that time are exisnsively reviawed in "The Chamistry and Technology
of Rubber Latex™ G, Falcongr Flint 581-380, Chapman & Hall Ltd tondon 1638, Although such paints were
apparently 1o be found on the market, it is known that they suffered froni substuntial dissdvantsges in their

* slability, consistency, snd brushing characteristics. Moreover, the paint films which they form suffered .

10

perticular dissdvantages in that they underwent severe yeliowing and embrittiement a3 u result of oxidated
degradation. Furthar, mawwmwmwmmdmwnumbmommww
impact. -

. Accordingly these early compeslﬁm falled to achisve sustained commercial application.

. Although a lster publication "Latex In Industry® 2nd Ediion R.J. Nobel 889-892 Rubber Age New Y«k

" 1982 reporied & resurgence of nterent In rubber latebased paints, this was sheni-fived, Rubber latex

19

systams had besn totslly sclipsed by the advent of polybutadions and butadiene-siyrene systems
developed in the 1940's and acrylic lataxes developed irom the 1950's onwards, In shorl, there has been
effectively no Interest In natursl rubber-based paint latexes over the past four decades.

We have now found that when epmddised netural rubber is used s a component in coating
compositions, certaln surprising and unexpected bsnefits are obtained. For example, a3 compared with
rubber latex-based coatings, the fikns ars relatively resistant fo yeliowing and embritioment. Moreover,
films are tough and resistant to mechanical damage. A9 compared with coatings based on the most up-io-
date acrylic latex systems, the spoxidised natural rubber systems producs coating filme which are equally’
mechanically durable but are far more tenscious In thelr sdhesion fo substrate surfaces, Hence, in contrast
1o acrylic-bassd paint systems they can be used as a film-formor in a coating composition without the need
for an adheslon promoter.

UB-A-3 243 401 s concemned with latexes of epoxidised conjugated diene polymers having an epoxy
squivalent weight of 2000 to 200, The spexidised polymars illustrated in the Examples are synthetic
copolymers. The iatexes have many uses as binders in paper and fabric production and processing. in use
thase binders need 1o be cured with a cross-linking agent, in particular a urea formaldehyde derivative.

Certain spoxidised rubber derivatives are known. A particularly effective process for their preparation
has been described In GBE-A-2 113 692. They are used substantially exclusively as raw metorials for

. vulcanisation and hence for the manufacture of herd rubber goods such as rubber seals and tyres, Thelt

u3e as A component In water-borne paints is unknown,

in the prasent context the tem "rubber” In the phrase "spoxidised nutural rubber® Is vsed fo mean
tubber latex as found in natura,

Accordingly in its broadest aspect, the prasent invention provides a water-borne coating composition
containing as one component a latex of an epoxidigad natural rubber.

Thodogmofspmddlﬁondlhorubborwllllnpracﬁcoblttlemw%dmthoormmndmum
number of double bonda avallable for epmddation. In practics, also the maximum level of spoxidation will
not usually excead 90%. Ewnpluofbworllmlbofwaﬂonmw%wm Bamples of upper
Jimits of epexidation are §0%, 70% and 75% of the thecretical maximum, The percentage of epcxddation
‘referred 19 hore Is 23 defined in GB-A-2 118 802,

Mnmmwimmmmrmmmmopdmwwmmmmmm

Itmahnupufmowblndaru!ldcnnmntnfmomposmnn.nlomrlmls.iornamploﬁ%w
weight or more (up to 20% or up o0 26% by weight), the resins are surprisingly touch dry even though the
epoxidised natural rubber has & low minimum film forming temperature (MFT). At higher lavels, for example
50% by weight of total binder solidy, the films formed have isnaceous adhasion,

The paints preparsd sccording to this invention will in genaeral be formulated with ancther resin as part
of the total film-former.

Standard fim-forming resing for use In the present invention are gonmllymbledispmbm of polymer
particies In water.

Emmadmldmmmmmwmmwmlymww—
polymers and polyviny! asters and co-polymers and atyrene and butadiens co-polymers.

Examples of polyacrylaiss are polymers of O-g alkyl esters of scrylle and methacrylic acid. Examples
of such acrylale esters are methyl acrylate, uthylnerylm.butylwylm.hwluryhh.z-amw .

acrylats and octyl acryiate.

Examples of such methacrylste ssters are methyl methaceylate, ethyl methacrylate buty! mumaerym )
and hexyl methacrylate,

ThlS Sheet Has Been Reil




derlved by standard techniques. At |evels about 1 ? .
bi‘pder “sol i ds the 5 epoxidi sed natural rubber begilffisTh
the filmformer. Exanples of other levels g
natural rubber contributes to filmformation are 209

| evel s of 50%mmuqm-mm|mmd.mmmmmmnm slhvl(pmplnhm
the film Tl Yingloemsatatd Vingloeitité isrthairade namstfaradistare obvinyhesters whises the imnclc sudi
nat ur al rumeMMMManﬁWMmﬂmmmmmwmmm
extent - of t peraliganibr mi nati on when this effect begins to-take

5-° - meumnmuuudnpﬂmwﬂlmm.ncmboc&polymulbmdeGog_m

.+ “of the acrylate, méthicrylats or vinyl ester monamars reférfed to above. iy

* * 7 'Alismatively” the "co-pelymers ciri"be’ foimad with of intlude ‘other’ oo-nioné?ﬁm.for * auaFiiple. free .
- carboxylic aclds, hydeaicy esters, di-unctional esters and/or hydrocarbona. Emnplnofnnﬁhonldsm .
acrylle, methacrylio malela and fumario acids.

10 Exsmples of hycroxy esters are hydroxy Ca-s alky! scrylates and methecrylates, especially 2:hydroxy
ethyl acrylste and methacrylate, a-hydmw propyl asrylate and methecrylats, S-hydroxyprop-2-vi acrylate
and 4-hydroxy butyl methacrylate.

Examples of difunctional esters are Ci-s alky! malestes and fumarstes, particuiarly dimethyl and disthyl
maleate and fumarate. -

ik ] Bxamples of hydrocarbong sre styrene and optionally substituted styrenes.

The preciss composition of the polymer or copolymer will depand upon the particular physical
characteristion {espacially glass transition temperature) that the polymer is required to exhibit. An appro-
priate' composition can be derived by standard techniques.

At levels shout 18% by weight of total binder sclids the spoxidised natural rubber beging to behava as

20 part of the fim-former. Examplog of other levala at which the epaxidised natural rubber contributes to film
formation are 20%, 25% and 30%. At levals of 80% by weight it will terd to determine the characteristics of
the film. The grester the difference In hardness betwaen the epoxidised natural rubber and any other Him-
former the more pronounced Is the extent of this determination when this effect bogins to taks place, The
proportion of the epoxidised natural rubber can be increased until it constitutes the entire film-forming

28 compenant of the compoasition.

The level of epoxidation has an impact on the physical properties of the spexidised natural rubber and
in particutar its glass transition tempersturs (Tg). The Tg of the derivetive is & property that has to be taken
into mora cereful considertion when the derivative is employed es a film-tormer then when it is being used
as an scheslon promoter. The Tg of epoxidiaed natural rubber is generully less than 20°C, Netural subber

3 with 78% epoddation has a Tg of 10°C and below. Natural rutfber with 85% epcxidation has a Tg of -10°C
and below.

One particular benefit of using epoxidised natural rubber &s & film-forrer {3 that costing compositions
can be produced which have relatively low MFT's, citen below -8*C. The MIFT Is the miaimum temperature
at which a resin systern forms a film. R is measured according to ASTMP test 2354:01. MFT differs from Tg

98 in that Tg is & fundamental characleristic of a polymer, wheraas MFT Is a characteristic of the paint or resin
systern. it Is effected by the maka-up of the resin blend and the presence or abssnce of co-solvent.

Resin systems based on epoxidisad naturs! rubbers have the advantage that generally low MFT's can
mmrmmmmonmuuummmmﬂmmodmm dmblamddlsplay
exceliant adhesion to subsirate, .

“« The compositions of the pressnt Inmﬂonunbcpmducodbych:ﬂudmmuds. fot exampie by
blending the epoxidised mmmwmmmmmmmom«mmmmmmmmm
coating compositions, .

Companents standard lor paint compositions are pigments (especially In ths form of a mill-base),
exienders, dispersants and film-formers,

a3 The coating compasition Is made by standard mixing and blending Mhnlquu.

The epoxidised mmrmmmm-wnauhymmwmmmpmmuasdmﬂbedm
.example in GB-A-2 113 682 and Ind Eng Chem Res 1881 30 2673-78.

The natural rubbir Itself is known and can be obtained by tapping from plants.

MMmMMmdemmmhmwmmmdmﬂn

% ocoalings on subsirates, for example the exterlor or Inferior of buildings, engineering and architectural
structures, land and water-based vehicies and sircralt.

The composition can be applied by conventional techniques, for example bmshing dipping, :pr-ylnq.
rol-coating and curtain coating. The resultant fim drys st amblent temperature to form & fough durable
occaling which has excellent adhesion to gubstrates and is resistant to weathering and unbﬂmment.

& Ths folhmng Examples lllustrate the lnvenﬂm-
| “ﬁiiiimi‘iilﬁnmﬂil




plaéé The proportion of the epoxidised natural rubber can be increased
untipl- it constitutes the entire filmformng 15 conponent of the
conposi tion. The level of epoxidation has an |npact on the physi cal

properties of the epoxidised natural rubber and in parti z S—gRSS
transiti orEXAMPEE{:Freparation bigostingeempegitiads, 20 t he deri vat “r‘@ué SHREP HABESHEN
has to Jbe.Laken.inta..nor.e careful. consideration when he qigp@tgaoe Is
enpl oyed MLWAGEI.mformer than when it is being used &

pr onot er

]}

“The Tg of epoxidised natural rubber is generally

e A,dl:ponlon vessel was losded with 280.8g water, 1049 pigmant dispersant DIBPEX &MO lnd oeg
anti-foam sgent DISPELAIR GF 248 and the contents were mbed for 5 minutes. To the mixture was siowly

addld .1187.8g Ti0s (RUTILE Ti0a TIOXIDE_ TR 02) over 10 minutes, There was then added 90.8g water
ﬂnmbchmwudlap:mdfoMSmmUtqu.mrowuwdad1.egln-canprmmﬁvo

Mﬂmnzwwmmwmmmwmmmmmmmm 2

R . . . B e AR R .-_---' s.

PNN'I'

25g of millbass was mixed with 3,20 styrene-acrylic dispersion ROPAQUE OP-HI.OE.
The following latex formulations were prepared:

(1) 38.8g ENR" latex (85% epoxidation), 0.2g anti-foam agent DISPELAIR CF248.

(2) 96.5g ENR" latex (50% epoxidation), 0.2 snii-foam Agent DISPELAIR CF 240.

{3) 36.5g ENR" iatex (85% epoxidation), 0.2 ant-foam sgent DISPELAIR GF248.

(4) 1.49 water, 21.8g uorylic latex solution, .

14.8g water, 0.2g anti-foam agent DISPELAIR CF248,

Latex formulations {1), (2), {3) and {4) wars added to respeciive millbase/styrene-acrylic dispersion
mixtures t form sample Nos. {A), (B). (C) and (D). Sample No. (D) which containg & standard acrylic latex
was used as a conirol.

ENR* = spoxidised natural nihber aocording to GB-A2 113 82
ENR"= epoxidised natural rubber according to GB-A-2 113 682 with modified catalyst.

EXAMPLE 2:

This Example camperes the properties of a film formed from an ENR Istex with & film formed from a
stendard acrylic latex and also demonastirates the effect of the degroe of epoxidation of a natural rubber latex
on the properties of the film. The samples prepared socording fo Example 1 were used except that in Table
1 the samples were clear films prepmdw!mwtplmmmm.

TABLE 1

Sample | MFT°C Yellowing (AB) Tackfree at1 hr | Water 8potat24 hre
.. (1 Month, 70°C, dark)

A 0o | 5.1 Yos Goed

8 <8 103 Yes/No Good

C <8 ' 87 Yas @Good

D 3 08 No . * Good

This Sheet Hag
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Iess than [err]. Natural rubber wth 75% epoxidation has a Tg 25 of 10 C
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The results show In Tebies 1 and 2 that films farmed from ENR (atexss have excellent adhesion, are
55 taokives at 1 hour and have good water spot and blocking resistance. Morsover, accelerated ageing of films
' showed no evidence of embrittiement or excessive yaliowing, there s alficient film formatiorr down to &
temiperature of -8°C and films are not thermoplastic when subjectsd t© & tamperatura of 70°C for 24 hours.

Sheet Has Been Replaced
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35°0r resin system It is effected by the make-up of the res'i_n bl end and -
the presence or absence of co-solvent. 6 Resin systens b

epoxi di sed natural rubbers have the advantage that generall THSHSNEET SIASBEE
be achi ev eed to use co-solvent. Yet the fil forﬁm
hard, dur y excel l ent adhesion to substrate.

]

mmz«u&mmmtmmmmﬂqucﬂmwmwmmmm
ocanol sthoxylste, this being more readily commercially avalisble, andyhldodanspwddlsﬁlmxhwlng
mmeenmmmnﬁmommamy

mmmmmorﬁowmpmmmwmamwmeommdwm
mnnimopwddhodndurdmbbwhhxmdlnqmﬁowmxmnﬁoﬂ Omumpledllhxmrdmg
hhpruuﬁhwnﬂonmeomdonbunscumdmwdmmmnmmm Two portions of
Imxmdlngtommploznws-h-aaﬂmmmmhmmﬂﬂcﬂuldﬂkvdmmsm:
wood substrals, Oneofmenmplelwucuuduﬂngeommudalummmhydemmmmw»
dencribed in US-A-3 243 401, the other was uncured.

Thomuluofmndhulanmuuhmln'rabloa.

TABLE3
Adhesion o M |
Latex1 | Latex2 | Latex2 Cured
Dry 0% 0% 0%
Wet 0% 80% - 0%

The results are expresced as % sdhesion faliure.

Letex 1 is latex according to the present Invention. Latex 2 is fatex according to US-A-3 243 401.

Latex 2 (unifke Latex 1) remains tacky even eftar 24 hours and requires eurlng with yraa formalidshyde
fo form a proper pllnt film.

1. A waier-borns ooating composition containing 8s one component & latex of an epoxidisad naturel
rubber.

2. A composition acoording to claim 1, where the degree of epaxidation of the natural rubber Is at least
10% of the thearetical meximum.

& Aoompodﬁonmdingtodn!m!.whorehdogmofepmddaﬂonolmeanrubberhuphm%

of the theoratical meximum.

4, A composition according to any one of tha preceding claims, when the epoxidised natural rubber
compriges al jeast 15% by weight of the total bmdarnlldseonbmomeomposﬁon .

8. A composition socording to claim 4, where the apoxidised netural rubber comprises betwesn 20 and
35% by weight of the total binder solids content of the compasition.

8. Acompodﬁmnceordtngﬁocmlu whmmnpmdmunaw rubbnroompruec mmmanzu%by
waight of the total binder solids umtontoﬂho somposifion.

7. A composition acoording o any one of the preeadlngelﬂms.whm Q\upox!dlud namrnlmbbtrm.
glass fransition temperature (Tg) of less than 20°C.

8, Auomposlﬂonaewdhghcldm?.mumepmddiudnmmbnrhua'rnomumo (¢
s UuMnMdeﬂManhberuammmntdnwb&bomemﬁngmmum
10.Uudalmxofanepcﬁdludnmrdwbb«umldhwmmomlnammmemﬁng

___——/L/ .
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5 The conposi tions of the present invention can be.] rd
met*hods, for exanpl e by bl ending the epoxidi sed nalt uigd suEbhenSiBEENE form
of a |atex W|th ot her conponents that are: standard for RERUAQED :

conposi tion ents stan a d for ai EORE=ar e grent
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bl endi ng techni ques. The epoxi di sed rubber |atex can be made using or by
“analiogy’ wi th known processes as described for expre—n=26 B-A-2.113 692
and Ipt Eng Chem Res 1991 30 2573-76. The nat ur | REFBAGEMENTeIHEHTS [lknown
and can be obtained by tapping fromplants. 25 The wat at jing
conposition of the present invention is used to mep?g?ﬁ\}@orl
decorative coatings. on substrates, for exapple t i ' rior of
bui | di ngs, engineering and architectural structures, |and

COATING COMPOSITION

" CONTAINING EPOXIDISED RUBBER =
This invention relates to a water-borne coating composition

containing as one component an epoxidised'natural rubber, to
5 the preparation of such a composition and to its use.

Natural rubber latex was used as a component in oil-based
paints and in water-based ‘distempers in the 1930’s. The
compositions current at that time are extensively reviewed

10 in "The Chemistry and Technology of Rubber Latex" C.
Falconer Flint 581-590, Chapman & Hall Ltd London 1938.
Although such paints were apparently to be found on the
market, it is known that they suffered from substantial
disadvantages in their stability, consistency, and brushing

15 characteristics. Moreover, the paint films which they form
suffered particular disadvantages in that they underwent
severe yellowing and embrittlement as a result of oxidated
degradation. Further, the coatings tended to peel and show
low resistance to damage from mechanical imbact.

20 |
Accordingly these early compositions failed to achieve
sustained commercial application.

Although a later publication "Latex in Industry" 2nd Edition

25 R.J. Nobel 689-692 Rubber Age New York 1953 reported a
resurgence of interest in rubber latex-based paints, this
was short-lived. Rubber latex systems had been totally
eclipsed by the advent of polybutadiene and butadiene-
styfene systems developed in the 1940’s and acrylic latexes

30 developed from the 1950's onwards. In short, there has been
effectively no interest in natural rubber-based paint
latexes over the past four decades. '

We have now found that when epoxidised natural rubber is
35 used as a component in coating compositions, certain
surprising and unexpected benefits are obtained. For
example, as compared with rubber latex-based coatings, the
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and wat er - based vehicles and aircraft. 30 The pGHﬁbSHEEbHAS£EEUe

conventional techniques, for exanple brushing,l di ppPEFLAEEPayi n
roll-coating and curtain coating. The resufftan cerafl ambi ent
tenperature to forma tough durable coating whi - RERLA excellenyy adhesion

to substrates and is resistant to weathering ang enbrzthEBeEB7
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35
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films are relatively resistant to vyellowing and
embrittfément. Moreover, films are tough'and'resistant to
mechanical damage. As compared with coatings based on the
most up-to-date acrylic latex systems, the epoxidised

natural rubber systems produce coating films which are -

equally mechanically durable but are far more tenacious in
their adhesion to substrate surfaces. Hence, in contrast to
acrylic-based paint systems they can be used as a film-
former in a coating combosition without the need for an
adhesion promoter.

US-A-3 243 401 is concerned with latexes of epoxidised
conjugated diene polymers having an epoxy equivalent weight
of 2000 to 200. The epoxidised polymers illustrated in the

Examples are synthetic copolymers. The latexes have many .
. uses as binders in paper and fabric production and

processing. In use these binders need to be cured with a
cross-linking agent, in particular a urea formaldehyde
derivative.

Certain epoxidised rubber derivatives are known. A
particularly effective process for their preparation has
been described in GB-A-2 113 692. They are used
substantially exclusively as raw materials for vulcanisation
and hence for the manufacture of hard rubber goods such as
rubber seals and tyres. Their use as a component in water-
borne paints is unknown.

In the pfesent context the term 'rubber" in the phrase
"epoxidised natural rubber" is used to mean rubber latex as
found in nature.

Accordingly in its broadest aspect, the present invention
provides a water-borne coating composition containing as one
component a latex of an epoxidised natural rubber.

—
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illustrate'the invention. EXAMPLE 1: Preparftion piw@ﬁggmng ccnpositions.

M LLBASE A di
dlspersant DI

spersi on vessel was | oaded wit % §+ nt
SPEX GA40 and 0.6g anti-foam agent E)SEERMMQENEﬂﬁéﬁ E

contents were nixed for 5 ninutes. 10 To the nixtyre wapsssfppdii9dhdde

1137.5g [err]
added 90. 8¢

10

15

(RUTILE [err] TIOXIDE TR 92% over 10 patack.es:--There W t hen

The degree of epoxidation of the rubber will in practice be
at least 10% of the theoretical maximum number of double
bonds available for epoxidation. In practice, also Ehe
maximum level of epoxidation will not usually exceed 90%.
Examples of lower limits of epoxidation are 15% and 20%.
Examples of upper limits of epoxidation are 60%, 70% and 75%
of the theoretical maximum. The percentage of epoxidation
referred to here is as defined in GB-A-2 113 692.

The function that the epoxidised natural rubber. performs in
the paint depends upon the proportion that it makes up of
the total binder solids content of the composition. At
lower levels, for example 15% by weight or more (ﬁp to 20%
or up to 25% by weight), the resins are surprisingly touch
dry even though the epoxidised natural rubber has a low

"minimum film forming temperature (MFT). At higher levels,

20

25

30

35

for example 50% by weight of total binder solids, the films
formed have tenaceous adhesion.

The paints prepared according to this invention will in
general be formulated with another resin as part of the
total film-former.

Standard - film-forming resins for wuse in the present
invention are generally stable dispersions of polymer
particles_in water.

Examples of classes of such polymers are polyacrylate and
polymethacrylate polymers and co-polymers and polyvinyl
esters and co-polymers and styrene and butadiene co-
polymers.

Examples of polyacrylates are polymers of C,—3 alkyl esters
of acrylic and methacrylic acid. Examples of such acrylate
esters are methyl acrylate, ethyl acrylate, butyl acrylate,
hexyl acrylate, 2-ethylhexyl acrylate and octyl acrylate.

hdl t he
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water and the m xture was dispersed for 15 mnutes. Finally, there was

added I.6g In-Can Preservative METACI DE 300 and 78.3g water and the mxture
was stirred for a 15 further 20 m nutes. PAINT 25g
mxed wth 3.29 styrene-acrylic 20 dispersion R
foll'owing latex fornul ations were prepared: (1) 3.5
epoxi dation), 0.2g anti-foam 25 ageq& DI SPEL 4

Examples of such methacrylate esters are methyl'
methacrylate, ethyl methacrylate butyl methacrylate and
hexyl methacrylate.

5 Examples of vinyl esters are wvinyl C,~, alkanoic acid
esters, particularly, vinyl acetate, vinyl propionate and
"vinyl versatate'. Vinyl versatate is the trade name for a
mixture of vinyl esters where the alkanoic acid component is
derived from a mixture of branched chain acids containing on

10 average about 10 carbon atoms per alkyl unit. ‘

The co-polymers that can be used as primary film—-formers can
be co-polymers based on two or more of the acrylate,
methacrylate or vinyl ester monomers referred to above.
15
" Alternatively the co-polymers can be formed with or include
other co-monomers, for example free carboxylic acids,
hydroxy esters, di-functional esters and/or hydrocarbons.
Examples of such free acids are acrylic, methacrylic maleic
20 and fumaric acids.

‘Examples of hydroxy esters are hydroxy C,—4 alkyl acrylates
and methacrylates, especially 2-hydroxy ethyl acrylate and
methacrylate, 3-hydroxy propyl acrylate and methacrylate, 3-
25 hydroxyprop-2-yl acrylate and 4-~hydroxy butyl methacrylate.

Examples of difunctional esters are C,—; alkyl maleates and
fumarates, particularly dimethyl and diethyl maleate and
fumarate.

30
Examples of hydrocarbons are styrene and optionally
substituted styrenes.

The precise composition of the polymer or co-polymer will
35 depend upon the particular physical characteristics
(especially glass transition temperature)} that the polymer



(2) 36.59 ENR* latex (50% epoxidation), 0.2g anti-foam Agent DI SPELAIR
(3) 36.59 ENR** |atex (65% epoxidation), 0.2g anti-foam agent
DI SPELAI R CF246. (4) 1.49g water, 21.9g acrylic latex _solution, 14 6g water,

0.2g-anti-foam agent DI SPELAIR CF246. 35 Latex for (3)
and -(4) were added to respective mllbase/styrene- cr%%*@ﬂar }SHEE}

CF 246." 30

m_xt ures to
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is required to exhibit. An appropriate composition can be
derived by standard technigques.

At levels about 15% by weight of total binder solids the
epoxidised natural rubber begins to behave as part of the
film-former.  Examples of other 1levels at which the
epoxidised natural rubber contributes to film formation are
20%, 25% and 30%. At levels of 50% by weight it will tend
to determine the characteristics of the film. The greater
the difference in hardness between the epoxidised natural
rubber and any other film-former the more pronounced is the
extent-of this determination when this effect begins to take
place. The proportion of the epoxidised natural rubber can
be increased until it constitutes the entire film-forming
component of the composition.

The level of epoxidation has an impact on the physical
properties of the epoxidised natural rubber and in
particular its glass transition temperature (Tg). The Tg of
the derivative is a property that has to be taken into more
careful consideration when the derivative is employed as a
film-former than when it is being used as an adhesion
promoter. The Tg of epoxidised natural rubber is generally
less than 20°C. Natural rubber with 75% epoxidation has a Tg
of 10°C and below. Natural rubber with 65% epoxidation has
a Tg of -10°C and below.

One particular benefit of using epoxidised natural rubber as
a film-former is that coating compositions can be produced
which have relatively low MFT's, often below -8°C. The MFT

is the minimum temperature at which a resin system forms .a.

film. It is measured according to ASTMP test 2354-91. MFT
differs from Tg in that Tg is a fundamental characteristic
of a polymer, whereas MFT is a characteristic of the paint
or resin system. It is effected by the make-up of the resin
blend and the presence or absence of co-solvent.



8 formsanple Nos. (A, (B), (© and (D). Sanmpl e No. (D) which contains
a standard acrylic latex was used as a control.. 5 ENR* atura
rubber according to GB-A-2 113 692 ENR**= epoxi di sed
according to GB-A-2 113 692 with nodified catalys

Resin systems based on epoxidised natural rubbers have the
advantage that generally low MFT’s can be achieved without
the need to use co-solvent. Yet the films formed are hard,
durable and display excellent adhesion to substrate.

The compositions of the present invention can be produced by
standard methods, for example by blending the epoxidised
natural rubber in the form of a latex with other components .
“that are standard for coating compositions.

10 '
Components standard for paint compositions are pigments
{(especially in the form of a mill-base), extenders,
dispersants and film-formers.

15 The coating composition is made by standard mixing and
blending techniques.

The epoxidised rubber latex can be made using or by analogy
with known processes as described for example in
20 GB-A-2 113 692 and Ind Eng Chem Res 1991 30 2573-76.

The natural rubber itself is known and can be obtained by
tapping from plants.

25 The waterborne coating composition of the present invention-
is used to form protective or decorative coatings on
substrates, for example the exterior or interior of
buildings, engineering and architectural structures, land
and water-based vehicles and aircraft.

30
The composition can be applied by conventional techniques,
for example brushing, dipping, spraying, roll—cdating and
curtain coating. The resultant film drys at ambient
temperature to form a tough durable coating which has

35 excellent adhesion to substrates and is resistant to
weathering and embrittlement.



10 This Exanpl e conpares the properties of a filmforned froman ENR | at ex
with a“filmforned froma standard acrylic | atex and al so denpnstrates the
effect of the degree of epoxidation of a natural rubber |atex on'the
properties of 15 the film The sanpl es prepared acgpesd wer e

used: except that in Table 1 the sanples were clear iR §nﬁggqﬂb 7t fjout
pigment [err]. 20 ' . TABLE |{L [en%
' 7 Date i.ccvirininiinirinienn

The following Examples illustrate the invention.
EXAMPLE 1: Preparation of coating compositions.
5 MILLBASE

A dispersion vessel was loaded with 280.8g water, 10.4g
pigment dispersant DISPEX GA40 and 0.6g anti-foam agent
DISPELAIR CF 246 and the contents were mixed for 5 minutes.
10 To the mixture was slowly added 1137.5g Ti0, (RUTILE TiO,
TIOXIDE TR 92) over 10 minutes. There was then added 90.8g
water "and the mixture was dispersed for 15 minutes.
Finally, there was added 1.6g In-Can Preservative METACIDE
300 and 78.3g water and the mixture was stirred for a
15 further 20 minutes.

PAINT

25g of millbase was  mixed with 3.2g styrene-acrylic
20 dispersion ROPAQUE OP-62LOE.

The following latex formulations were prepared:

(1) 36.5g ENR* latex (65% epoxidation), 0.2g anti-foam
25 agent DISPELAIR CF246.

(2) 36.5g ENR* latex (50% epoxidation), 0.2g anti-foam
Agent DISPELAIR CF 246.

30 (3) 36.5g ENR** latex (65% epoxidation), 0.2g anti-foam
agent DISPELAIR CF246.

(4) 1.4g water, 21.9g acrylic latex solution,
14.6g water, 0.2g anti-foam agent DISPELAIR CF246.
35 _
Latex formulations (1), (2), (3) and (4) were added to
respective millbase/styrene-acrylic¢ dispersion mixtures to
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REPLACEMENT SHEET 1 O The results show in Tables 1 and 2 that films formed
frqn1ENR |'at exes have excel | ent adhesjon, are tackfree at 1 hour

8

Sample No. (D)
which contains a standard acrylic latex was used as a
control. '

form sanle Nos. (A), (B), (C) and (D).

5 ENR* = epoxidised natural rubber according to GB-A-2 113 692
ENR**= epoxidised natural rubber according to GB-A-2 113 692
with modified catalyst.

EXAMPLE 2:
10
This Example compares the properties of a f£ilm formed from
an EN&‘latex with a film formed from a standard acrylic
latex and also demonstrates the effect of the degree of
epoxidation of a natural rubber latex on the properties of
15 the film. The samples prepared according to Example 1 were
“used except that in Table 1 the samples were clear films
prepared without pigment (TiO,).
20 TABLE 1
Sample MFT°C Yéllqwing Tack-~£free Water
(aB} (1 at 1 hr Spot at
Month, 70°C, 24 hrs
dark)
A 0 5.1 Yes Good
25 B <-8 10.3 Yes/No Good
C <~8 8.7 Yes Good
D -3 0.8 No Good
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15 and yi el ded an epoxi di sed | atex having an oxirane content of 2.24%
(reparted value 2.03% . The relative adhesion properties of the |atex
prepared according to US-A-3 243 401 was conpared wiith fhat of an 20

epoxi di sed natural rubber |atex according to the pr
sanple of |atex according to the present invention
unscuf fed aged al kyd filmon a wood substrate. Two

?E*é%%% Ny Spper
fFEB1eg7

according to Exanple 2 of US-A-3 243 401 Wre coate ~o TN ent e
aged 25 alkyd filns on a wood bstrate. = One.of these I wa
9 y 1IN Tal 1 and 5 thag fffﬁg %grmea from

10

15

20

25

30

The results show in Tables

ENR late&es have excellent adhesion, are tackfree at 1 hour
and have good water'spot and blocking resistance. Moreover,
accelerated ageing Iof films showed no evidence of
embrittlement or excessive yellowing, there is efficient
film formation down to a temperature of -8°C and films are
not thermoplastic when subjected to a temperature of 70°C
for 24 hours.

COMPARATIVE EXAMPLE

Example 2 of US-A-3 243 401 was repeated exactly as
described but replacing' palmitic ethoxylate with ocenol
ethoxylate, this being more readily commercially available,
and yielded an epoxidised latex having an oxirane content of

" 2.24% (reported value 2.03%).

The relative adhesion properties of the latex prepared
according to US-A-3 243 401 was compared with that of an
epoxidised natural rubber latex according to the present
invention. One sample of latex according to the present
invention was coated on to unscuffed aged alkyd film on a
wood substrate. Two portions of latex according to Example
2 of US-A-3 243 401 were coated on to two identical aged
alkyd films on a wood substrate. One of these'samples was
cured using commercial urea formaldehyde (BEETLE 610) as
described in US-A-3 243 401, the other was uncured.

The results of the adhesion tests are shown in Table 3.

e



cured using conmercial urea fornﬁldehyde (BEETLE 610) as described in
US--‘A-3° 243 401, the other was uncured. The results of the adhesion tests
are shown in Table 3. 30 REPLACEMENT SHEET 11 TABLE 3

REPLACEMENT SHEET
11
Date 25FEB1991
TABLE 3
ﬁT

Adhesion to Alkyd

Latex 1 Latex 2 Latex 2 Cured

5 Dry 0% 30% 0%

Wet 0% - 80% 0%

—— e —]

The results are-expresSed as % adhesion failure.

10 Latex -1 is latex according to the present invention. Latex
2 is latex according to US-A-3 243 401.

Latéex 2 (unlike Latex 1) remains tacky even after 24 hours
" and requires curing with urea formaldehyde to form a proper
15 paint film.



[err] The results are expressed as_% adhesion failure. 10 [err] is |atex
acco[dlng to the present invention. Latex 2is | at ex,_according to US-A-3

2as do"Later 2 (ke L mmmmumm:;ww Vol
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1. A water-borne coating composition containing as one
component a latex of an epoxidised natural rubber.

5 '
2. A composition according to claim 1, where the degree of
epoxidation of the matural rubber is at least 10% of the
theoretical maximum.

10 3. A composition according to claim 2, where the degree of

epoxidation of the natural rubber is up to 90% of the
theoretical maximum.

4, A composition according to any one of the preceding

15 claims, where the epoxidised natural rubber comprises at

" least 15% by weight of the total binder solids content of
the composition.

5. A composition according to <claim 4, where the

20 epoxidised natural rubber comprises between 20 and 35% by

weight of the total binder solids content of the
composition. '

6. A composition according to «claim 4, where the
25 epoxidised natural rubber comprises more than 25% by weight
of the total binder solids content of the composition.

7. A composition according to any one of the preceding
claims, where the epoxidised natural rubber has a glass
30 transition temperature (Tg) of less than 20°C.

8. A composition according to claim 7, where the
epoxidised natural rubber has a Tg of less than 0°C.

35 9. Use of a latex of an epoxidised natural rubber as a
component of a water-borne coating composition

This Sheet Has Been Replaced

Mo I




-12 WHAT WE CLAIM IS 1. A wat er - bor ne coat i ng{Eo i
use.in formng a protectLye‘@LhdeegpaLLve—eeat|ng.oﬁ
which is allowed to dry at anbient ten@ratures i E '

a—.—-——““""‘"‘_‘ - F
the conposition is an epoxL mlmw [Jober having 2 a deac
epoxi dation of from50 to tical mMeseraERE g

bonds avail abl e for epOX|dat|on i'h the natural rub
transition tenperature (Tg) of less than 1&rr] and
rubber has a naturally occurring nol ecul ar wei ght.

10. Use of a latex of an epoxidised natural rubber as an
adhesion promoter in a water-borne coating composition.

5 11. A process for preparing a water-borne coating
composition which comprises mixing a latex of an epoxidised
natural rubber as defined in any one of claims 1 to 8 with
other components of ‘a coating composition.

10 12. A method of coating a substrate which comprises
applying to the surface of the substrate to be coated a
water-borne coating composition as claimed in any one of
claims 1 to 8 and allowing the composition to dry at ambient

| temperature and to form a film. —

This Sheet I

N it

15



2. . A water-borne coating conposition suitable.for use in formng a

prof ective or decorative coating on a substrate of a type which is allowed
to dry’ at, anbi ent tenperatures which conposition has a binder solids
cofitent of which one conponent is selected fromthe grasp—ai—stantard
filmformng resins consisting of acrylate polyners a dhsmuxﬂQMEwﬁsHE

nmet hacryl ate pol yners and copol yners, vinyl ester pol‘ners Sn? Ba@ﬂg

and copol ynmers of styrene and but adi ene ahdl anot her c( %.L g
solids content anpbunting to at |east 15 wt % of the bi nder—so+65 . IS
an epoxi di sed natural, rubber having a.ABSERMCHree of epOX|dat|on of at

| east 15% of the theoretical maxi mum nunber of doubl e bonds avail able for

epoxi dation in the natural rubber and
COATING COMPOSITION

CONTAINING EPOXIDISED- RUBBER
5 A water-borne coating composition contains as one component

a latex of an epoxidised natural rubber. The composition
has a low minimum film-forming temperature (MFT), and
produces films which are hard, durable and display excellent
adhesion to substrate.

10

15

20

25

30

35
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tenperature of below [err].

T E 2
’ '
Sample Tack— Water Dlocking Resistance Adhesion to Alkyd Adhesion Thermo—
free at | Spot (¢ failure) to Low u”umm»wpn<
4 Odour at 24 hrs
_ 1 hr ﬂmmn 24 hrs 48 hrs Scuffed '| Unscuffed Eggshell :
dry wet (+ Teflon)
a t| a wet | (% :
Y e ¥ e failure)
No No
A . Yes Good blocking blocking No sticking
0 0 0 0 0
Moderate Moderate No marking
damage damage !
. 8light Moderate : s
B Yes Good blocking | blocking No sticking
o , 0 0 0 0 S
Moderatle Moderate No marking
damage damage :
No . No P
C Yes Good blocking blocking No sticking
0 0 0 0 0 -
Very Very i :
slight slight No marking
damage damage - _
" : Moderate | Moderate :
D Yes Good blocking | blocking No sticking
oo 0 50 5 100 100
Moderate Moderate : No marking
damage damage
i
T
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5.5 7 A c'orrpos'i tion as clained in any one of claing hEbQAéEmﬁﬁﬁ-@H’tEtr
composition is without co-solvent for the water. 6. ggﬁaﬁpi*hlon
according to claim2 wherein up to 50 wt % & the bijhegaf nt en

- epoxi di sed natural rubber. 7. . A conpositiqgn accortging—ta—clalm-2- re|n
the epoxi di sedfhERSir alaT@ibbere batsl ve bk gr &@sdrs tamtki d2Q on YO LOMGR%B0 £#00%

of the theorete:ﬁshﬂaxexﬁymnunMGfe@freﬁlpueimeoaﬁlé abaghaaha frememawtd@u on
i n-the natural osition any. one .of tge

T etad oty o nkdlatiea gepadas B ckorarred fabbneoakir® paRATer
A wat er - bor ne mosti ngp-coopdste | armel idef iladex n sylstiems], otthel aepoZidised

| substantlalhy natural rubber systems produce coating films which are

equally mechanically durable but are far more tenacious in
their adhesion to substrate surfaces. Hence, in contrast to
acrylic-based paint systems they can be used as a film-
former in a coating composition without the need for_an_

—
10 adhesion pronmoter.

US-A-3 243 401 is concerned with latexes of epoxidised
conjugated diene polymers having an epoxy equivalent weight
E:j of 2000 to 200. The epoxidised polymers illustrated in the
15 Examples are synthetic copolymers. The latexes have many
uses as binders in paper and fabric production and
processing. In use these binders need to be cured with a
cross-linking agent, in particular a urea formaldehyde
derivative.
20 | _
Certain epoxidised rubber derivatives are known. A
particularly gffective process for their preparation has
been described in GB-A-2 113 692. They are used
substantially exclusively as raw materials for vulcanisation
25 and hence for the manufacture of hard rubber goods such as
_ rubber seals and tyres. Their use as a component in water-
<:) borne paints is ‘unknown.

In the present context the term '"rubber" in the phrasé
30 "epoxidised natural rubber" is used to mean rubber latex as
found in nature.

g

Accordingly in one aspect, the present invention provides a water-bomne coating
composition suitable for use in forming a protective or decorative coating on a substrate
of a type which is allowed to dry at ambient temperatures in which one component of the
composition is an epoxidised natural rubber having



as'herein described with reference to any exanpl e ff

T REPLACEMENT SHEET
Date(.]. 5NOV1997 .......
3
a. a degree of epoxidation of from 50 to 90% of the theoretical maximum number of

double bonds available for epoxidation in thé fiatural rubber and
b. a glass transition temperature (Tg) of less than 20°C
and wherein the natural rubber has a naturally occurring molecular weight.

In a further aspect, the invention provides a water-borne coating composition suitable for

use in forming a protective or decorative coating on a substrate of a type which is allowed

to dry at ambient temperatures which composition has a binder solids content of which

one component is selected from the group of standard film-forming resins consisting of

acrylate polymers and copolymers, methacrylate polymers and copolymers, vinyl ester

polymers and copolymers and copolymers of styrene and butadiene and another

component of the binder solids content amounting to at least 15 wt% of the binder solids

content is an epoxidised natural rubber having

c. a degree of epoxidation of at least 15% of the theoretical maximum number of
double bonds available for epoxidation in the natural rubber and

d. a glass transition temperatire (Tg) of less than 20°C '

and wherein the natural rubber has a naturally occurring molecular weight.

The percentage of epoxidation referred to here is as defined in GB-A-2 113 692.

The function that the epoxidised natural rubber performs in the paint depends upon the
proportion that it makes up of the total binder solids content of the compositions. At
lower levels, for example 15% by weight or more (up to 20% or up to 25% by weight),
the resins are surprisingly touch dry even though the epoxidised natural rubber has a low
minimum film forming temperature (MFT). At higher levels, for example 50% by weight
of total binder solids, thé films formed have tenaceous adhesion.

The paints prepared according to this invention will in general be formulated with another
resin as part of the total film-former.

Standard film-forming resins for use in the present invention are generally stable
dispersions of polymer particles in water.

As is indicated above, examples of classes of such polymers are acrylate and methacrylate
polymers and co-polymers and vinyl ester polymers and co-polymers and styrene and
butadiene co-polymers.

Examples of acrylate polymers are polymers of C,-, alkyl esters of acrylic and methacrylic
acid. Examples of such acrylate esters are methyl acrylate, ethyl acrylate, butyl acrylate,
hexyl acrylate, 2-ethylhexyl acrylate and octyl acrylate.
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WHAT WE CLAIM IS:
1. A water-bomne coating composition suitable for use in forming a protective or

decorative coating on a substrate of a type which is allowed to dry at ambient
temperatures in which one component of the composition is an epoxidised natural rubber
having

a. a degree of epoxidation of from 50 to 90% of the theoretical maximum number of
double bonds available for epoxidation in the natural rubber and

b. a glass transition temperature (Tg) of less than 20°C
and wherein the natural rubber has a naturally occurring molecular weight.

2. A water-borne coating composition suitable for use in forming a protective or
decorative coating on a substrate of a type which is allowed to dry at ambient
temperatures which composition has a binder solids content of which one component is
selected from the group of standard film-forming resins consisting of acrylate polymers -
and copolymers, methacrylate polymers and copolymers, vinyl ester polymers and
copolymers and copolymers of styrene and butadiene and another component of the
binder solids content amounting to at least 15 wt% of the binder solids content is an

- epoxidised natural rubber having

a. a de'gree of epoxidation of at least 15% of the theoretical maximum number of
double bonds available for epoxidation in the natural rubber and

b. a glass transition temperature (Tg) of less than 20°C
and wherein the natural rubber has a naturally occurring molecular weight.

3. A composition as claimed in claim 1 or claim 2 wherein the epoxidised natural
rubber has a Tg of less than 0°C.

4. A composition as claimed in any one of claims 1 to 3 wherein the composition has
a minimum film-forming temperature of below -8°C.
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3. A composition as ¢laimed in any one of claims 1 to 4 wherein the composition is
without co-solvent for the water.

6. A composition according to claim 2 wherein up to 50 wt% of the binder solids
content is epoxidised natural rubber.

7. A composition according to claim 2 wherein the epoxidised natural rubber has a
degree of epoxidation of from 50 to 90% of the theoretical maximum number of double
bonds available for epoxidation in the natural rubker.

&. A composition as claimed in any one of the preceding claims which additionally

contains pigment and/or extender.

0. A water-bomne coating composition as defined in claim 1 or claim 2 substantially
as herein described with reference to any example thereof.

-~
.
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ABSTRACT
COATING COMPOSITION (CONTAINING EPOXIDISED RUBBER)

A water-borne coating composition contains as one component
a latex of an epoxidised natural rubber. The composition has a
low minimum film-forming temperature (MFT), and produces
films which are hard, durable and display excellent adhesion to
substrate.
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