New CGel Coat Formulation Field of the Invention This
invention relates to new gel coat conpositions, in
both cured and wuncured form in particular new narine
gel coat conpositions, to a process for their
manufacture as well as to their use to coat surfaces
exposed to light, water and sol vents. Additiona

advant ages and ot her features of the present invention
will be set forth in part in the description that
follows and in part will beconme apparent to those
having ordinary skill in the art upon exam nation of
the following or may be | earned fromthe practice of
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The advantages of the present invention may be realized and obtained
as particularly pointed out in the appended claims. As will be realized,
the present invention is capable of other and different embodiments, and
its several details are capable of modifications in various obvious
respects, all without departing from the present invention. The
description is to be regarded as illustrative in nature, and not as

restrictive.

Background of the Invention

Gel coats are high performance resins, in particular unsaturated
polyester (UPE) resins, that are applied to the outside of a product/article
for aesthetics but also to provide resistance to weathering. Gel coats
may be clear or colored. Colored gel coats typically contain a high
percentage of fillers such as talc, calcium carbonate, titanium dioxide or

other pigments.



1 The use of fumed silica in gel coats, especially in
unsaturated polyester (UPE) resins, is an old and
very well known technology. Precipitated silica has
al so been utilized fromat |east the early 1980's. In
1985, the J. M Huber Corporation was granted a U. S
patent Nr. 4,497,918 for utilizing conbinations of
precipitated and fumed silica in thixotropic

unsat urated pol yester fornulations. Simlar nmarine ge
coats are disclosed in US 200710001343. Both funed
silica and standard precipitated silica have
limtations when wused in gel coat fornulations for
mari ne or other corrosive environnents. Funed silica
tends to cause porosity in the cured gel coat. The
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of porosity can undermine the quality of corrosion resistant resins
because porosity makes a coating susceptible to accelerated weathering
and blistering when exposed to light, water, solvents, etc.. Standard
precipitated silica can vastly reduce the presence of porosity, but can
lead to a greater level of osmostic pressure and thus a faster rate of

weathering.

Compared to precipitated silica, fumed silica is more efficient at adding
viscosity, is more thixotropic, and provides better clarity. On the other
hand advantages of precipitated silica compared to fumed silica include
faster and shear independent dispersion, lower cost, better leveling of
the coating or casting, and in some cases less viscosity drift. As
consequence in many cases, a blend of fumed and precipitated silica is
utilized to achieve the benefits of both silica types. This, however, is not

an acceptable situation for manufacturers of gel coats because two
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an acceptable situation for manufacturers of gel coats
because two 2 different kinds of silica have to be
pur chased and stored, which causes the need of two
different storing devices. In addition, it is still
necessary to use at least partly funed silica having
a nmuch higher price conpared to precipitated silica.
O her nmeasures that have been used to prevent
bl ushing, in particular of watercrafts, include
applying an initial clear gel coat conposition to the
wat ercraft nold surface foll owed by a pignented and
filled gel coat conposition applied behind the clear
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further aimwas to provide a process Tor preparing
fillgdrgel épat eemposition to the watercraft mold surface and coating the
finished demolded watercraft part (e.g., a hull) with an exterior
automotive paint. Both these measures require extra time and materials,

and introduce an additional required interface in the finished watercraft

part.

In summary, therefore, it can be stated that there is a strong need for
new gel coats suitable to reduce costs and to simplify the production

process.

Summary of the Invention

One problem underlying the present invention was to provide a new gel
coat from which the above mentioned disadvantages of the gel coats of
the state of the art are completely or at least partially eliminated. A

further aim was to provide a process for preparing such gel coats.



It has now surprisingly been found by the inventors,
that these problens can be solved by gel coating
conpositions as described herein and wusing, in
particular, a precipitated silica having - A BET
surface of from 150 to 250 n2/g - A SiQ2 content of
greater than or equal to 98.5 % by weight - A Na20
content of less than or equal to 0.5 % by wei ght.
Det ai | ed Description of the Preferred Enbodi nents A
first enbodi nent of the present invention are cured
and uncured gel coat conpositions conprising at | east
one precipitated silica having - A BET surface of from

Q.to 2 e d I
B8 e siplnlipden TolRa b Ebueliof®: g tage Broietse
cStude tolved ﬁaf/(gbl/ doatlwtcorﬁplmslﬂinms astdéswvibeti ereal sad
provi des cured uncure %%’é{coats conpri sing
tﬁ*%.lpﬂaattwrsamqmweﬁ' icA NAYHI% i on to the
above-stated paraneters, independently of one
anot her, have one or nore of th fol | owi ng

physﬂés@cﬁiremliaﬂe f fraand66rte 250 mi/gonduct i vi ty of |ess

t om A SIOF EishCof el iy equiBBR P B ! =€ ©

proviAe,0 dontert s Idsyrthan @paguabtodus et ndeighticur ed
gel coats conprising at |east one precipitated silica

having 4 - A BET surface of from 150 to 250 n2/g - A
&@%&@&%ﬂét.&i‘oﬁﬁgqarémreoo&m%am\eﬁte 98.5 % by wei ght
- €ss an or equal to 0.5 % by
Audirgthembodiment of the present invention are cured and uncured gel

coat compositions comprising at least one precipitated silica having

- A BET surface of from 150 to 250 m%/g
- A SiO; content of more than or equal to 98.5 % by weight
- A NayO content of less than or equal to 0.5 % by weight.

The present invention also provides cured and uncured gel coats
comprising precipitated silica which in addition to the above-stated
parameters, independently of one another, have one or more of the

following physicochemical parameters:

- A conductivity of less than or equal to 450 pS/cm
- A mean particle size of from 0.1 to 14 pm

The present invention further provides a process for preparing cured and
uncured gel coats comprising at least one precipitated silica having



wherein the silica(s) is conbined (e.g., mxed) with
at | east one unsaturated polyester resin. The present
i nvention al so provides a process for preparing cured
and uncured gel coats wherein the precipitated silica
in addition to the above- stated paraneters,

i ndependently of one another, have one or nore of the
fol |l owi ng physi cochem cal paraneters: - A conductivity
of less than or equal to 450 pS/cm - A particle size
of fromO0.1 to 14 pm The present invention further
provi des products/articles coated with the cured and
uncured gel coats of the present invention, and
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the following physicochemical parameters:

- A conductivity of less than or equal to 450 yS/cm
- A particle size of from 0.1 to 14 pm

The present invention further provides products/articles coated with the
cured and uncured gel coats of the present invention, and methods for
coating articles with invention gel coats. In particular, articles such as
watercraft parts (hulls, etc.) comprising a gel coat of the present
invention in its outermost layer which is exposed to the environment are

preferred.

The gel coats of the present invention show several advantages

compared to gel coats known in the prior art.

One important advantage is that the gel coats of the invention show

excellent application performance without the need to use a mix of
5 .



A further advantage of the gel coats of the invention
is their superior performnce conpared to
conventional gel coats. The gel coats of the

i nvention show, for exanple, an inproved resistance to
weat hering and blistering when exposed to |ight,

wat er, solvents, etc.. In addition, after exposure to
wat er over an extended period of tinme no significant
changes in gel coat color could be observed. This
effect is particularly noticeable in dark col ors.
Thus, the gel coating conpositions of the invention
may be produced w th |ower cost due to the new filler
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Thus, the gel coating compositions of the invention may be produced
with lower cost due to the new filler and simultaneously show improved

application performances.

The terms gel coat(s), gel coating composition(s) and gel coat
composition(s) are used synonymously herein. A gel coat according to
the present invention comprises at least one resin, preferably
prepromoted resin, more preferably a polyester, particular preferred an
unsaturated polyester and may be clear or colored. In particular,
preferred gel coats of the present invention are marine gel coats,
especially marine gel coats used to coat watercrafts, very especially
large watercrafts, that are immersed for long periods of time (e.g. for a

week or more, a month or more, or even longer) into a corrosive
6 .



coat conpositions, for exanple at roomtenperature
and/or with heating. Thus, based on the present
description, those of ordinary skill in the art can
prepare the present gel coats in both cured and
uncured form As discussed herein, the invention ge
coat(s), gel coating conposition(s) and gel coat
conmposition(s) include both cured and uncured forns of
same. In a preferred enbodi nent, the gel coats of the
invention are colored gel coating conpositions and
conprise at |l east one precipitated silica having the
foll owi ng physico chem cal properties: - A BET surface
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, ina ferred enbodi nent of the invention the
gamei pitated silica used have one or nore of the
fol | ow ng:

In a preferred embodiment, the gel coats of the invention are colored gel
coating compositions and comprise at least one precipitated silica having

the following physico chemical properties:

- A BET surface of from 150 to 250 m%g, including 170, 190, 200,
210, and 230 m?/g,

- A SiO, content of more than or equal to 98.5 % by weight,
including more than 99 and 99.5% by weight,

- A NayO content of less than or equal to 0.5 % by weight, including
less than or equal to 0.4, 0.2 and 0.1 % by weight.

Without being bound by any specific theory, the inventors are of the
opinion that the superior weather resistance of the gel coats of the
invention is caused by the precipitated silica used. In particular the high
purity of the silica used, i.e. the high SiO; content and the low sodium

oxide content compared to standard precipitated silica, may be at least in
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a Si.O2 content of nore than or equal to 99.0 % by

wei ght, nore preferably between 99.0 and 99. 95 % by
wei ght, nost preferably 99.0 to 99.9 % by wei ght and
particular preferred 99.1 to 99.85 % by weight; a Na20
content of |less than or equal to 0.5 % by weight, nore
preferably of fromO0.01 to 0.5 % by wei ght, even nore
preferably of from 0.1 to 0.40 % by wei ght, nost
preferably of from0.01 to 0.30 %by weight,
especially preferred 0.01 to 0.20 % by wei ght and very
especially preferred 0.02 to 0.10 % by weight. A

par anet er characterizing the porosity and thus the
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0.1 to 250 pS/cm very preferably of from1l to 150

/ff Sparamgwer characterizing the porosity and thus the thickening
properties of the precipitated silica used in the gel coats is the BET
surface. The BET surface of the silica used in the gel coats of the
invention is of from 150 to 250 m?/g, preferably 160 to 210 m?g, more
preferably 170 to 200 m?/g and especially preferred 170 to 195 m%/g.

The anti-blushing effect of the gel coating compositions of the present
invention may be further improved if the overall salt content, i.e. not only
the Na,O content, of the precipitated silica used is reduced to a minimal
amount. Some of the other more typical salts include SOs, AL20s3,
Fe,0s, Ko0, and TiO,. The overall salt content is characterized by the
conductivity of the precipitated silica. Consequently in another preferred
embodiment the precipitated silica used in the gel coats of the present
invention exhibit a conductivity of less than or equal to 450 uS/cm, more

preferably of less than or equal to 350 pS/cm, even more preferably of
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especi al preference of from10 to 100 pS/cm wth very
especial preference of from10 to 80 pS/cm and nost
preferably 10 to 50 pS/cm Anot her inprovenent of the
gel coats of the invention nmay be achieved if the
mean particle size of the precipitated silica used is
in the preferred range of fromO0.1 to 14 pm A snmall
particle allows to produce a snooth surface of the
coating and in addition may contribute to the scratch
resi stance of the coating. Preferred nean particle
sizes include from0.5 to 10 pm nore preferably of
from1l to 9 pm very preferably of from2 to 8.5 pm
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which when added to the gel coat composition generally will change the
slope of its rheology curve, preferably without undesirably degrading the
properties of the cured gel coat composition. In this regard, the amount
of precipitated silica in the gel coats of the present invention is not
specifically limited, and can be varied according to the results desired.
Without being limiting, typical amounts include from 0.1 to 15 wt. %,
preferably 0.5 to 10 wt. %, and more preferably 0.5 to 2.5 wt. % of the
total weight of the gel coat composition, including 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14 and 15% as well as all values and subranges

therebetween.

Precipitated silica products employed in the present invention include
synthetic silicon dioxide materials prepared by the acidulation of an alkali

metal silicate such as sodium silicate with an acidifier such as sulfuric
9



acid under controlled reaction conditions.
Precipitated silica differ from pyrogenic silica,
also called fumed silica, which are well known in the
art and are prepared by the hydrolysis of silicon
tertrachloride vapor in a flame of hydrogen and
oxygen at el evated tenperature. Pyrogenic silica are
sold commercially under tradenames such as
Cab-o0-Sil(r) and Aerosil(r). A precipitated silica
fulfilling useful in the gel coats of the invention is
avai |l able on the market, e. g. the Sipernat(r) FPS-5
of Degussa(r) Corporation, Parsippany, NJ, USA
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one inorganic and/or organic pigment. Representative pigments impart
coloration (including white or black coloration) and opacity to the
disclosed gel coat compositions, and usually are obtained in the form of
a paste or other dispersion of the dry pigment in a compatible carrier,
e.g., at about 15 to about 40 wt. % dry pigment solids based on the
dispersion weight. The pigment dispersion may also contain wetting
agents, dispersing agents, and inhibitors, in minor amounts. Suitable
carrier resins include unsaturated polyester resins, saturated polyester
resins, urethane diacrylates, acrylic silicones, or other carriers that will be
familiar to those skilled in the art. The pigment dispersion may for
example be prepared by adding the pigment and other ingredients to the
carrier resin, then mixing in a grinding machine. Representative pigments
include.treated or untreated organic or inorganic pigments and mixtures

thereof, such as titanium dioxide, carbon black, iron oxide black, phthalo
10



t hereof, -such as titanium di oxide, carbon black, iron
oxi de bl ack, phthalo 10 blue, phthal o green,

qui nacri done magenta, LF orange, arylide red,

qui nacri done red, red oxide, quinacridone violet, LF
prinrose yellow, vyellow oxide and other pignents that
wll be famliar to those skilled in the art.

Sui tabl e pignents are commercially available froma
variety of suppliers including C ba Specialty

Chem cals, Sun Chem cal, Cariant and Cabot Corp. The
pi gnents are preferably used in an anount sufficient
to provide an opaque cured coating at the desired
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ecrease I n thei perf or mance, i s neverthel ess
carapositient o add such additi onal flllers if desired.
These anmounts of such fillers are not |imted,
al though they are typically added in amounts of from

mPadtition} thea@@wcoéﬁs way Yptibnallyecaprise atleast one other
g)?tggggrl ttl" ller like clay, ground limestone, mica, talc, aluminum
trihydrate, barium sulfate, standard precipitated silica, fumed silica and
the like. Said extender fillers may also contribute to impart thixotrophy to
the gel coats of the invention. Even though is has to be emphasized, that
gel coating compositions of the invention comprising a precipitated silica
having physico-chemical properties as disclosed above can be produced
without additional extender fillers without a decrease in their
performance, it is nevertheless possible to add such additional fillers if
desired. These amounts of such fillers are not limited, although they are
typically added in amounts of from about 5 to about 40 wt. % of the gel

coat composition.

In case the gel coats of the invention are marine gel coating
compositions, they preferably are sufficiently free of water-attackable

(e.g., water-accessible and water-susceptible) extender filler so that the
11



In case the gel coats of the invention are marine ge
coating conpositions, they preferably are
sufficiently free of water-attackable (e.g.,

wat er - accessi bl e and wat er - suscepti bl e) extender
filler so that the 11 cured coating will not exhibit
bl ushing after long-termimersion in water. Typica
extender fillers in that case include chopped or
mlled fiberglass, talc, silicone dioxide, titanium
di oxi de, wollastonite, mca, alumna trihydrate,

cl ay, cal cium carbonate, nagnesi um carbonate, barium
car bonate, cal cium sul fate, nmagnesi um sul fate and

b | .
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Ication Nos. WO 941076 0123495 Al and
WO 031101918A2. The pol yester resin may be prepared

o SEBLSga b ol i B R it
tﬁgbhé%ﬁtggﬁgg?gb?(%ém? ﬁmy dayietyr ?1{( hmaturaled ipohieister sesins
157K Dremplgyed i) BUPSOBSh 8pLRa SOMIBIaR . ReBfpsentate
Hsatitatdd POFEstP fedifé Yire described in U.S. Pat. Nos. 4,742,121,
5,567,767, 5,571,863, 5,688,867, 5,777, 053, 5,874,503 and 6,063,864
and in PCT Published Application Nos. WO 94107674 Al, WO 00123495
A1 and WO 031101918A2. The polyester resin may be prepared from
the condensation of one or more carboxylic acids (such as mono, di- or
poly-functional unsaturated or saturated carboxylic acids) or their
derivatives (such as acid anhydrides, C, alkyl esters, etc.) with one or
more alcohols (including mono-functional, di-functional and poly-
functional alcohols). The carboxylic acid or derivative may for example
be a mixture of an unsaturated carboxylic acid or derivative and a
saturated carboxylic acid or derivative. The unsaturated carboxylic acids
or their derivatives may for example have about 3 to about 12, about 3 to
about 8, or about 4 to about 6 carbon atoms. Representative unsaturated

carboxylic acids and their derivatives include maleic acid, fumaric acid,
12



functional al cohols). The carboxylic acid or
derivative may for exanple be a mxture of an

unsat urated carboxylic acid or derivative and a
saturated carboxylic acid or derivative. The

unsat urated carboxylic acids or their derivatives nmay
for exanple have about 3 to about 12, about 3 to

about 8, or about 4 to about 6 carbon atons.
Representati ve unsaturated carboxylic acids and their
derivatives include maleic acid, fumaric acid, 12

chl oromal eic acid, itaconic acid, citraconic acid,

net hyl ene glutaric acid, nesaconic acid, acrylic
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aliphatic or a conbination thereof, and include
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RSP oL Bl AR, 3 B
s%ﬁﬁslé‘:rafdé% rﬁ'@lelsl@' Q_QEC pR#TIIE ANRYUNdd, ©-pRihdfic aBRidisophthalic
acid, terephthalic acid, dihydrophthalic acid, tetrahydrophthalic acid,
hexahydrophthalic acid or anhydride, tetrachlorophthalic acid, chlorendic
acid or anhydride, dodecanedicarboxylic acids, nadic anhydride, cis-5-
norbomene- 2,3-dicarboxylic acid or anhydride, dimethyl-2,6-naphthenic
dicarboxylate, dimethyi-2,6-naphthenic dicarboxylic acid, naphthenic
dicarboxylic acid or anhydride and 1,4-cyclohexane dicarboxylic acid.
Other representative carboxylic acids include ethylhexanoic acid,
propionic acid, trimellitic acid, benzoic acid, 1,2,4-benzenetricarboxylica
cid, 1,2,4,5-benzenetetracarboxylic acid and anhydrides thereof.
Representative aromatic saturated carboxylic acids include o-phthalic
acid, isophthalic acid and their derivatives. Representative aliphatic
saturated carboxylic acids include 1,4-cyclohexane dicarboxylic acid,

hexahydrophthalic acid, adipic acid and their derivatives. The saturated
: 13



nor bonene- 2, 3-di carboxylic acid or anhydri de,

di net hyl - 2, 6- napht heni ¢ - di car boxyl at e,

di met hyl - 2, 6- napht heni ¢ di carboxylic acid, naphthenic
di carboxylic acid or anhydride and 1, 4-cycl ohexane

di carboxylic acid. O her representative carboxylic
aci ds include ethyl hexanoic acid, propionic acid,
trinellitic acid, benzoic acid,

1, 2, 4-benzenetri carboxylica cid,

1, 2,4,5-benzenet etracar boxylic acid and anhydri des
thereof. Representative aromatic saturated carboxylic
acids include o-phthalic acid, isophthalic acid and
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@malwra%e@d palyester Jesk andy@n gliph '@scargeaﬁtcotaﬁ@kg‘%yh@f
SABFABIE bRt &@seﬁ*ﬂ e %P\dlﬁﬁ iffom @rta (L péicBRftfidm about 50

carboxyllc acid exanp gresent in an
tarﬁﬂmpercemtumofrom ab)@JtpVeﬁ toeh@Q pem@m abthe: saorated acgg or

£56 SR tva 5 o8 B nE Ysr BB A nave e
unsaturayed pol yester resin. Representatlve al cohol s
RApIeB ARty FIERICER JOB P n AL D] dreatisptest Polyester
2bing! RBRid8! AlcMHediols and oxaalkanediols such as ethylene glycol,
1,2-propylene glycol, propane-3-diol, 1,3-butylene glycol, butene-1,4-diol,
hexane-1,6-diol, diethylene glycol, triethylene glycol, polyethylene glycol,
cyclohexane-1,2-diol, 2,2-bis-(p-hydroxycyclohexy1)-propane, 5-
norbornene-2,2-dimethylol, 2,3-norbornene diol, cyclohexane
dimethanol, and the like. Alcohols having a neo-structure such as 1,2-
propanediol, 2-methyl 1,3-propanediol, 2,2-dimethyl heptanediol, 2,2-
dimethyl octanediol, 2,2-dimethyl-1,3-propanedio(nle opentylglycol),
pentaerythritol, dipentaerythritol, tripentaerythritol, trimethylol propane,
di-trimethylol propane, 2,2,4-trimethyl-l,3-pentanediol,2 -butyl-2-ethyl-l,3-
propanediol, 3-hydroxy-2,2-dimethylpropyl3-hydroxy-2,2-
dimetphyrolpanate, and the like may be preferred. Monofunctional
alcohols may also be used to prepare the unsaturated polyester resin.

Representative monofunctional alcohols include benzyl alcohol,
14



1, 2- propyl ene glycol, propane-3-diol, 1, 3-butylene

gl ycol, butene-1,4-diol, hexane-1,6-diol, diethylene
glycol, triethylene glycol, polyethylene glycol,

cycl ohexane- 1, 2-di ol , 2, 2-bis-(p-hydroxycycl ohexyl

) - propane, 5- norbornene-2, 2-di net hyl ol ,

2, 3-nor bornene diol, cyclohexane dinethanol, and the
i ke. Al cohols having a neo-structure such as 1, 2-
propanedi ol , 2-nethyl 1, 3-propanediol, 2,2-dinethyl
hept anedi ol , 2, 2- dinmethyl octanediol,

2, 2-di net hyl -1, 3- propanedi o(nl e opentyl gl ycol),
pentaerythritol di pentaerythritol,
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ncti onal cohols nmay al so be used to prepare
pdigesiesmesin: at ed pol yester resin. Representative
nonof uncti onal al cohol s include benzyl alcohol, 14
cycl ohexanol , 2-ethyl hexyl al cohol, 2-cycl ohexyl
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weight average molecular weight (Mw) may be from about 1,300 to about
11,000. The acid number may be reduced by increasing the reaction
temperature, carrying out the reaction for a longer period of time, or by
adding an acid neutralizer as will be familiar to those skilled in the art.

The unsaturated polyester resin may also be formed by reacting an
oligoester having a weight average molecular weight of about 200 to
about 4000 with a diisocyanate and a hydroxyalkyl(meth)acrylate to
provide a urethane acrylate having terminal vinyl groups, as deécribed in
the abovementioned U.S. patent application Ser. No. 1015621,225. The
urethane acrylate resin may be used as is, or in a mixture with another
unsaturated polyester resin such as an aliphatic or aromatic unsaturated

polyester resin.
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corresponding to the desired nol ecul ar wei ght. For
exanple, the final acid nunber may be fromabout 7 to
about 30, the nunber average nolecul ar weight (M)
may be from about 800 to about 3600, and the weight
aver age nol ecul ar wei ght (Mvy) may be from about 1, 300
to about 11,000. The acid number nay be reduced by
increasing the reaction tenperature, carrying out the
reaction for a |onger period of time, or by adding an
acid neutralizer as will be famliar to those skilled
in the art. The unsaturated polyester resin nay al so
be forned by reacting an oligoester having a wei ght
average nol ecul ar wei ght of about 200 to about 4000
with a diisocyanate and a hydroxyal kyl (net h)acryl ate
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her™ “unsa urate ester n such as an
al i phatic or aromatic unsaturat ed poI yest er resin.
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. % of the gel coat conposition. Beside of the

conponents di scl osed above the gel coats of the

SPARE, el AT st bR A et ged et
mylbesmnastymeemmphm) imethybmethacrylate (MdHe( andrnate
VRSt e PLEEE B ro 8085 ot
sityl‘é’i‘le§s Siehst | t Wigkoluene,  para-tertiary-butylstyrene,  para-
methylstyrene or divinylbenzene); mono-, di-, and poly-functional esters
of unsaturated monofunctional acids (such as acrylic acid and
methacrylic acid) with alcohols or polyols having from 1 to about 18
carbon atoms: and mono-, di-, and poly-functional esters of unsaturated
monofunctional alcohols with carboxvlic acids or their derivatives having
from 1 to about 18 carbon atoms. Other suitable reactive diluents
include, for example, acrylates, methacrylates, phthalates such as diall-y
| phthalate; A triallylcyanurates; vinyl ethers; and the like. Representative
acrvlates and methacrvlates include butanediol dimethacrvlate,
trimethylolpropane trimethacrylate, ethylene dimethacrylate (EGDMA),
polyethylene glycol dimethacrylate (PEGDMA), polypropylene glycol
dimethacrylate (PPGDMA), trimethylol propane trimethacrylate
(TMPTMA), tetramethylol propane trimethacrylate, dipropylene glycol
dimethacrylate, isodecyl . methacrylate, 1,3-butylene glycol

dimethacrylate, 2-hydroxy ethyl methacrylate (2-HEMA), 1,6 hexane diol
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styrenes (e.g., vinyltol uene,

para-tertiary-butyl styrene, para- nethylstyrene or

di vi nyl benzene); nono-, di-, and poly-functiona
esters of unsaturated nonofunctional acids (such as
acrylic acid and nethacrylic acid) with al cohols or
pol yols having from1 to about 18 carbon atons; and
nono-, di-, and poly-functional esters of unsaturated
nonof uncti onal al cohols with carboxvlic acids or their
derivatives having from1l to about 18 carbon atons.
O her suitable reactive diluents include, for
exanpl e, acrylates, nethacryl ates, phthal ates such as
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acet oacet oxyet hyl nethacrylate (AAEM and the acrylate
counterparts thereof. Mxtures of reactive diluents
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relatively low temperatures, e.g., at temperatures of about 0 to about 30
°C. Representative promoters include metal compounds (e.g., cobalt,
manganese, potassium, iron, vanadium, copper, and aluminum salts of
organic acids); amines (e.g., dimethylaniline, diethylaniline, phenyl
diethanolamine, dimethyl paratoluidine, and 2-aminopyridine); Lewis
acids (e.g., boron fluoride dihydrate and ferric chloride); bases (e.g.,
tetramethyl ammonium hydroxide); quaternary ammonium salts (e.g.,
trimethyl benzyl ammonium chloride and tetrakismethylol phosphonium
chloride); sulfur compounds (e.g., dodecyl mercaptan and 2-
mercaptoethanol); dimethyl acetoacetamide; ethyl -acetoacetate; methyl
acetoacetate and mixtures thereof. For example, cobalt salts of organic
acids may be used to facilitate the low temperature decomposition of
peroxide catalysts and cure of the disclosed gel coat compositions.

Preferred promoters include cobalt octanoate, potassium octanoate,
17



about 20 to about 35 wt. % of the gel coat

conposi tion. Anot her conponent that nmay be present is
one or nore pronmotors. Representative pronoters for
use in the gel coat conpositions are electron
donati ng species that help in the deconposition of an
initiator or catalyst and facilitate or speed curing
of the gel coat conposition at relatively |ow
tenperatures, e.g., at tenperatures of about O to
about 30 C. Representative pronoters include netal
conpounds (e.g., cobalt, nmanganese, potassium iron,
vanadi um copper, and alum numsalts of organic
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agnd the Ilke The r|rrPh|b|torlamount may for example be from about 0.01 to
about 0.5 wt. %, from about 0.01 to about 0.3 wt. %, or from about 0.01

to about 0.1 wt. % of the gel coat composition.

The gel coat composition may also include other adjuvants that will be
familiar to those skilled in the art, including suppressants, surface tension
agents, air release agents, initiators and catalysts. Suppressants may
reduce volatile organic emissions, and include materials described in the
above-mentioned U.S. Pat. No. 5,874,503. When employed, the
suppressant amount may for example be up to about 2 wt. %, up to
about 1.5 wt. %, or from about 0.1 to about 1 wt. % of the gel coat

composition.

Surface tension agents may be added to lower surface tension at the

surface of the cured gel coat, and include silicones such as dimethyl
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Anot her conponent that may be present is one or nore
inhibitors. Inhibitors help prolong or maintain shelf
life for the uncured gel coat conposition and include
free-radical inhibitors or scavengers such as

qui nones (e.g., hydroqui none (HQ, toluhydroqui none
(THQ, nono- tertiarybutyl hydroqui none (MIBHQ , di
tertiary-butyl hydroqui none (DTBHQ ,6 napthaqui none
(NQ, and nononet hyl ether hydroqui none (MEHQ ),
butyl ated hydroxy tol uene (BHT), tertiary butyl
catechol (TBC), and the |ike. The inhibitor anount
may for exanple be fromabout 0.01 to about 0.5 wt.
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am ng p|y| tri e&h I ane a] _
(from E silicones Co,) en employed, the surface tension agent
amount may for example be up to about 1 wt. %, or from about 0.01 to

about 0.5 wt, % of the gel coat composition.

Another component that may be present is one or more air release
agents. Air release agents may assist in curing the gel coat composition
without entrapping air and thereby causing weakness or porosity. Typical
air release agents include silicone or non-silicone materials including
silicone defoamers, acrylic polymers, hydrophobic solids, and mineral oil
based paraffin waxes. Commercially available air release agents include
BYK-066, BYK-077, BYK-500, BYK-501, BYK- 515, and BYK-555
defoamers (from BYK-Chemie USA, Inc.). When used, the air release
agent amount may for example be up to about 1.5 wt. %, up to about 1
wt. %, or from about 0.1 to about 0.5 wt. % of the gel coat composition.
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met hyl hydrogen pol ysil oxanes, and fl uorocarbon
surfactants such as fluorinated potassi um al kyl
carboxyl ates, fluorinated al kyl quaternary anmmoni um
i odi des, ammoni um perfl uoroal kyl carboxyl at es,
fluorinated alkyl polyoxyethyl ene ethanols,
fluorinated al kyl al koxylates, fluorinated alkyl
esters, and ammoni um verfl uoroal kvl sul fonates.
Revresentative comrercially avail able surface tension
agents include BYK-306TM silicone surfactant (from
BYK- Chem e USA, Inc.), DC OO and DC200 silicone
surfactants (from Dow com ng co,), the MODAFO series
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for example be about 0.5 to about 3 wt. %, about 1 to about 2.5 wt. %, or

about 1.2 to about and 2 wt. % of the unsaturated polyester resin weight.

The gel coats of the present invention may be produced by combining at

least one silica having

- A BET surface of from 150 to 210 m%/g
- A SiO; content of more than or equal to 98.5 % by weight
- A NaxO content of less than or equal to 0.5 % by weight

with at least one unsaturated polyester resin. The precipitated silica may
in addition have one or more of the following physicochemical

parameters:
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time of application to a nold surface or may be | atent
initiators or catalysts that may be included in the
gel coat conposition as supplied to the end user and
are activated during the application process.
Representative initiators or catalysts include
free-radical catalysts such as peroxide catal ysts
(e.g., benzoyl peroxide, nethyl ethyl ketone

per oxi de, cunene hydroperoxi de, and the |ike),

azoal kane catal ysts and comrercially avail able
initiators or catalysts such as LuperoxTM DDM® and
DHD9 catal yst (from Arkema), H GH PO NTTM 90 cat al yst

(fro Chent ur.a) .and DOXTM L50 |yst (from Akzo
Nopel A conuisiis b ks e prante S asbHS e G o

heat -,@g@m&ﬁ Sihe Iof floh0 Arte 1@rumat al ysts i ncl ude

| RGACURETM 819 initiator (from G ba Specialty

Chental s) and cunene hydroperoxi de. When used, the
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R0l be Woldindd by Cafkstite i1 RALO! et Ok ate sbtent,
resin. e preciprtated’silica may in _addition have
etoe obrcammeraidl preeifitatdchwilieg likey Siperortni22alS Degussa®

eg{piagn%tlog{j’a{%%p'anﬁ ﬁgn Ellé% 'A’cijjwtn?écntl oefs‘tﬁetgﬁnc&{teﬁtql‘fﬁk/
be achieved for example by an elongated or an more effective washing

operation.

If desired, some or all of the reactive diluents may be added at the
completion of blending to yield a mixture having a preferred viscosity
(e.g., a viscosity of about 2,000 to about 10,000 centipoise, about 3,000
to about 8,000 centipoise, or about 3,500 to about 5,000 centipoise as
measured using a BROOKFIELD viscometer from Brookfield Engineering
Laboratories and Spindle No. 4 at 25' C.). The promoter amount may be
adjusted or inhibitors may be added or adjusted to obtain a gel coat
composition having a desired gel and cure time. The gel coat
composition may also be prepared by mixing a pigment (e.g., a pigment
dispersion) with a conventional clear gel coat composition without also

adding a deleterious amount of extender filler.
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- Aparticle size of fromO0.1 to 14 pmlIn a preferred
enbodi nent the invention gel coat conposition nay be
prepared for exanple by bl ending the unsaturated

pol yester resin with suitable precipitated silica and
the remaining ingredients in any convenient order.
The suitable precipitated silica my be a commercia
product, e.g. Sipernat(r) FPS-5 of Degussa(r)

Cor poration, Parsippany, NJ, USA or may be obtained
by adj usting the Na20 content, salt content, etc. of
comercial precipitated silica |like Sipernat(r) 22 LS
Degussa(r) Corporation, Parsippany, NJ, USA
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téombedrtIMé in trikgative relief. After cure, the gel coat composmon
becomes the outermost layer of the molded article and will become
exposed to the environment. The gel coat composition is spread across
the mold surface by any one of a number of techniques (e.g., brushing,
hand lay-up, or spraying) and usually as a relatively thick layer, e.g., up
to about a 0.8 mm thick wet coating. After the gel coat composition is
applied to the mold surface, it is at least partially cured. A strengthening
plastic support, optionally fiber-reinforced, can then applied behind the
partially or fully cured gel coat composition using any one of a number of
techniques (e.g., by brushing, hand lay-up, or spraying for open mold
processes, or by casting for closed mold processes), and the resuiting
laminate structure is cured and demolded. Curing can be promoted

through the use of free radical polymerization initiators.

The gel coat layer ensures weather and wear resistance, and if the

molded article is fiber-reinforced, can also help mask the fiber
22



gel coats of the present invention. Coating can be
partial or conplete. In particular articles
conprising a gel coat of the present invention in its
out ernost | ayer which is exposed to the environnent
are preferred. Particularly preferred are watercraft
hulls coated with a gel coat according to the

i nvention. The products/articles to be coated include
nol ded articles nmade of plastic or other materials.
In particular the coated, nolded articles, optionally
fiber-reinforced, are typically are nmade by spreadi ng
a gel coat conposition over the surface of a nold
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RYorBHvEnT BRHERT VIRER Y oW tniigh" fidioel et e
iMssreAbesin ¢hritikhge that odcayearovhd tthe fibolstdulingy ¢urel e and
will beconme exposed to the environnent. The gel coat

conposition is spread across the nold surface by any
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thegel ﬁWt;P%‘PPQ%‘I'QW"Wr %gfé’ qple By & We ﬁ?&%‘?ﬁa of

q?&ﬁt@'@%tefab%uf‘ﬂ'mﬁh of techniques (e.g., by brushing,

d 1ay-up, or spraying for open nold processes, or
by casting for closed nold processes), and the

APy . o S i e e o5

behilidcthe gul goae coafposiioni ini dneatbramre Tdyerg ekingoethhigues
ensur es weat her and wear al st anc

thaf JUlil et ifemdliars te H@seré lﬁgré'éd 'gtalé‘éprﬁé?‘btamé%k
s"trlé‘ﬁnge*ﬂﬁ{g plastic support materials include fiber-reinforced plastics

(made e.g., using fiberglass cloth or fiberglass roving), carbon fiber
composites, reinforced or unreinforced surface molding compounds and
other reinforced or unreinforced plastics such as reinforced polyesters or
reinforced epoxies. The strengthening plastic support overall thickness

before cure may for example be about 5 mm to about 125 mm.

If desired, one or more intervening layers such as a barrier coat, skin
coat or print blocker may be applied between the gel coat composition
and the strengthening plastic support. Suitable intervening layer
materials will be familiar to those skilled in the art, and include vinyl
esters, polyesters and epoxy resins. The wet thickness of such
intervening layers will also be familiar to those skilled in the art, and may

for example be about 0.1 to about 3 mm.
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22 reinforcenent pattern which may show t hrough the
gel coat due to inherent resin shrinkage that occurs
around the fibers during cure. The gel coat
conposition may applied to a nold surface in one or
nore |layers and at |east partially cured using
techniques that will be famliar to those skilled in
the art, layer by layer if desired, including the
above- nmentioned open nold or closed nold processes.
The |l ayer or layers of the gel coat conposition may
each for exanple have a wet thickness of about 0.05
to about 0.8 mm A variety of strengthening plastic
support materials may be forned behind the gel coat
conposition in one or nore |ayers using techni ques
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of such intervening layers will also be famliar to

those skilled in the art, and nay
The following examples illustrate the invention and are not to be

construed as limiting the scope thereof.
EXAMPLES

The reaction conditions and the physical/chemical data of the
precipitated silica used in the gel coats of the invention are determined

by the following methods:

Determination of the BET surface

The BET surface is measured following ISO 9277. The procedure is
used to determine the specific N2 surface area of silicas and silicates
according to the BET procedure. With the method described here the
measured value is determined by cryogenic adsorption of nitrogen at well

defined partial pressures. The analysis is accomplished as multipoint
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for exanple be about 0.1 to about 3 mm 23 Typica
exanpl es for products/articles coated with the ge
coats of the invention conprise parts for boats, w nd
mills, swimmng pools, tub and shower, sanitary ware,
t anks, housing, corrosion resistant applications such
. as pipes, tanks, ducts, fune stacks, build panels,
ships, e.g. Coast Guard Ships, electrical parts,
aircraft and el ectronical conponents and other parts
subjected |ight, water, solvents or high tenperatures,
aut onoti ve and appllcatlon appearance parts and the
like. Particular preferred are products/articles

FHERTERIT R R e B3 PRl PARSCIER & Gos-o2

withheagudng ofidltdgetisér Hpeintea Kneav bdtmviournt er r upt | on
The follow ng exanples illustrate the invention and
are not to be construed as limting the scope
DéRreMatidnoVPEF® The reaction conditions and the
physi cal /chem cal data of the precipitated silica
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nitrogen at well ™ defined partial pressures.

(Brahensies RlastagraphdPic ShSdBeabender Copmany, Duisburg). Under
constant mixing DBP is added with a constant dosing rate of 4 mi/min
(Electrical piston buret for the constant feeding of DBP with a counter
mechanism (ml); Methrom 665). The rotational speed of the rotor blades
is 125 rpm. At the beginning the measured torque is very low but towards
the maximum of the liquid adsorption capacity ‘of the sample it increases
tremendously. By reaching a torque of 0.6 Nm the mixer as well as the
DBP feeding are switched off by an electrical contact. Then the
consumption of DBP in ml is read off from the counter mechanism of the

buret. The result is givén in g/100 g and is additionally corrected by the
moisture content.

VxDx100

DBP number [g/100g]= ————+d

\Y; = DBP consumption in ml

D = Density of DBP (1,047 g/mi)

E = Sample weight in g (usually 12.5 g)
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24 determ nation and shows in the partial pressure
range (p/p0) of 0.05-0.2 wth neasuring of altogether
5 points a linear behaviour. Determ nation of DBP The
determ nation of the n-di butyphtal ate (DBP) absorption
nunber is carried out using a DBP absorptoneter
followng DIN 53601. It is used to judge the liquid
adsorptive capacity of silicic acids and silicates.
For the determ nation a certain anount of silicic acid
or silicate is introduced into the m xing chanber
(kneader) of the absorptoneter (Brabender Pl astograph
PL 3 S, Brabender Conpany, Duisburg). Under constant
1 Xi ng DBP_i s added V\i.th.a fégﬁst ant dosing rate of 4
/min (ENeStYe Cofrestian BheUP& for the constant
feeding of DBP with a counter nechanism (m); Methrom

665). The rotational speed of the rotor blades is 125
Then maisturg ecaseasitioni dgst drierrainedr By mearg ©f ithe earieqtion
fitfe t PHB" OSss 1dRe d'?ﬂ?é#; MdMBleriited |4EdbriRG!SB" Hd GRethod
capacity of the sa e It 1ncreases trenendously. By
desuribiedginathisodgoemeht. OTHe Nesulhis givesrwitiouteddcimal plase

P feedjng,are switched off by an electrical contact.
F%?%rﬁe‘ﬁ%{he%ﬁgdﬂﬁgr@ﬁ of DBP in nl is read off from
the counter mechanismof the buret. The result is
given in g/100 g and is additionally corrected by the
noi sture content. DBP nunber [g/100g]= V x D x 100 +d
V = DBP consunption in mM D = Density of DBP (1,047
g/m) E = Sanple weight in g (usually 12.5 Q)
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25 d = noisture correction in g/100 g The noisture
correction d is determ ned by neans of the correction
table. The Loss on drying is determ ned according to
the method described in this docunment. The result is
gi ven wi thout decimal place referred to the dried
material. 26 Correction Table: Loss on 0 2 4 ,6 8 :
drying [ 002457 19 10 12 13 15 2 16 18 19 20
22 3 23 24 26 27 28 4 28 29 29 30 31 5 31 32 32 33
33 6 34 34 35 35 36 7 36 37 38 38 39 8 39 40 40 41
41 9 42 43 43 44 44 10 45 45 46 46 47 Determ nation
of the Loss on Drying (LOD) Followi ng | SO 787-2 the

0oss on drying is determned in silicas and
S RE L

Loss on ,0 ,2 4 ,6 8
drying [%]
0 0 2 4 5 7
1 9 10 12 13 15
2 16 18 19 20 22
3 23 24 26 27 28
4 28 29 29 30 31
5 31 32 32 33 33
6 34 34 35 35 36
7 36 37 38 38 39
8 39 40 40 41 41
9 42 43 43 44 44
10 45 45 46 46 47

Determination of the Loss on Drying (LOD)

Following 1SO 787-2 the loss on drying is determined in silicas and
silicates.

A weighing bottle with the stopper removed is heated in the oven at
105°C for at least 1 h. After cooling in the dessicator and inserting the
stopper it is weighed (at least) to the nearest 0.01 g on a precision
balance. 10 + 1 g of the sample are spread in a uniform layer on the
bottom of the weighing bottle. The stopper is inserted again and the filled
weighing bottle is weighed with a accuracy of 0.01 g (msp). The weighing
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A wei ghing bottle wth the stopper renoved is heated
in the oven at 105C f @} |l east 1 h. After cooling
in theogessd, Bw ~affeoni ﬁs ting the stopper it is
wei ghed (a east) ), the nearest 0.01 g on a

preci sion bal ance. 10 + 1 g of the sanple are spread
inauniformlayer on the bottom of the weighing
bottle. The stopper is inserted again and the filled
wei ghing bottle is weighed with a accuracy of 0.01 g
(msp). The weighing 27 (nmsP - m )x 10 LODin [%
m+P bottle is opened cautiously and heated with the
stopper (renoved) in the oven at 105 + 2C for 2 h.

T a i ahi ‘ leqls. S
oHie S plact SRaMSIeRLARY pB R i ine"orBbbd Gefiphéq if he
Nﬁrﬂéﬂ 105 barClfer 2. T}het@f@d tivé Wbtgmr;]gibotﬂgas $kmlﬂy 6%0@&8
0 e test result is en_ wt eci ma ace;
I felstopparcandsalion i ool in Sogersisaten decHombmabBlIg S
ghed Wﬁth@ﬁ a&furﬁéy 8t 01 gS ? THY test Rddutt ivQiveRtwit 1
Idue after loss on dry Det er m nati on of
ctmat]viac@;maduemof(a;sje)ss Ih‘@ &ﬂ /s8¢ epostedfisnal 0.4anpl e
material is weighed accurately (nmsp) in a tared
plati numcrucible and is heated at 1000 C for 2 h.
After cooling down in a desciccator in presence of
P2Cb6 the cruci bl e was wei ghed again. The wei ght after
loss on ignition (nmLoi) was cal cul ated. The | oss of
ignition (LO) is given by the equation: LOin
[%9 =m=P-m x100
ms, = weight of original sample [g]

mop = weight of residue after loss on drying [g]

Determination of Loss On Ignition (LOI)

1 g of silica original sample material is weighed accurately (msp) in a
tared platinum crucible and is heated at 1000 °C for 2 h. After cooling
down in a desciccator in presence of P.Os the crucible was weighed
again. The weight after loss on ignition (m_ o)) was calculated.

The loss of ignition (LOI) is given by the equation:

101 in[%)= 22— "0 100

msp

mgp, =  weight of original sample [g]
myo = weight of sample after loss on ignition [g]
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m.P msp = weight of original sanple [g] npo, =

wei ght of sanple after loss on ignition [g] 28
Determ nation loss on ignition and of the Si 2 content
1 g of silica original sanple material is weighed
accurately (nSp) in a tared platinumcrucible and is
heated at 1000 C for 2 h. After cooling down in a
desci ccator in presence of P26 the crucible was

wei ghed again. The weight after loss on ignition
(mBv) was cal cul ated. The residue after ignition was
wetted with de-ionized water, 2 Ml HO O (70%p.a.)
and 25 m HF (40% p.a.) were added. The sanple is

[ owl nea ed unt.il. stron n noke wi |l be
@S&épﬁ@ﬁp oPEsHap 'gnmoq—ﬁngﬁg&é‘g%&g 8°§Le ﬁt he sanpl e
1 Sg of Isﬂi@aoéﬁgmasmpléhmat@ryl dy@veughéwaatoedraaély (#f2p)0inCa

1 h. After cooling down in a desciccator
ﬁar%% elatiaupy crusiile andeisyhagted at; 1@%.%H@62(W9f cgpling
| h t

ot i L oRReigh AP i HeRhce 6t FRO8 theruckle Wi glned
agiin =T veewglght afteolusglqnagnlhall’q(!lnev)[\giis ealeulatewi ght of

sanple after loss on ignition [g] nHF = weight of
sanple after treatment with HF [g] Determ nation of

Tﬁ@ réfidie afsk @Ntloﬁﬁa&h@e@mmﬁﬂé ibRizedasater @ hy HCIO,
ame atom c adsorr_p

(70% p.a.) and 25 ml H (40% p.a.) were added. The sample is slowly

heated until strong formation of smoke will be observed. Further 2 ml HF

were added and the sample is dried off again. The residue is heated at

1000 °C for 1 h. After cooling down in a desciccator in presence of P2Os

the residue is weighed (mgF).

The SiO, content is given by the equation:

o1 in[%)=Zr "2 , 1o

msp

Si0, content in [%)]= Moy ~ e 100
Mey
msp =  weight of original sample [g]
mgv = weight of sample after loss on ignition [g]
mue = weight of sample after treatment with HF [g]

Determination of the Na,O content
The NaO content is measured by a flame atomic adsorption

spectrometer.
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spectronmeter. 29 3.0 g of the original sanple are
wei ghed accurately in a platinumcup. The sanple is
wetted with de-ionized water, 5 nml sul phuric acid
(1:1) and 25 m hydrofluoric acid were added. The

sanple is slowy heated until strong formation of
snoke will be observed. In the case that residual
organic material as dark residue is still observed,

the sanple is after- treated with H202. The residue is
then diluted with de-ionized water and dissol ved. The
solution is filled up to 50 mM in a graduated

sanple-tube. 0.2 m of this solution are transferred
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| e result of this neasurenent is the Na
arganienmatetial ke darkigesiduers stif ohservad, ihe sagple isoattent

Ty Y
didéplved\a Heostl @tivn isdilled updoiS0 mhin agesiuatetesampleltubeon
[mg/1] VSP = Volune [I] = 0.05

0.2 ml of this solution are transferred into a second tube, added with 2.5
ml CsCl solution (W(Cs = 10%) and filled up to 50 ml with de-ionized

water.

Further solutions with Na content of 0.1 mg/l, 0.2 mg/l and 0.3 mg/l and a

blank solution were produced for calibration.

All solutions were measured by flame atomic adsorption spectroscopy at

wavelength 589 nm.
The result of this measurement is the Na content in the measurement

solution. The Na O content is given by the equation:

20
. ¢ *x Vg, x Dp x 1348
Na,O content in [2%]= 7o, x 100
(W———— W)xlOOO
100

CNa =  Na content measured in the measurement solution [mg/I]
Vsp =  Volume [l = 0.05
De =  Dilution factor = 250

W =  weighted sample [g]
30



DF = Dilution factor = 250 W= weighted sanmple [g] 30
LO = Loss onignition [9%9 1.348 = stoichionetric
factor (Na->Na20) Determ nation of the Conductivity
Fol lowi ng 1 SO 787-14 the nmethod is used to determ ne
the electrical resistivity of aqueous silica
suspensi ons and extracts, respectively. Wth
appropriate amounts of the sanple and distilled water
a suspension wth a content of 5 % (mn) is produced.
Then the tenperature of the suspension is adjusted to
21 Cin a thernostat and the electrical conductivity
is nmeasured by nmeans of a conductoneter (Metrohm

conpduct onet er 660 LF 530, W'W and a conductivity
'c@Fr ( sr%lﬂ"?‘"’r?ci%ll 6.0908.110). 15 g of the sanple

Psupg EnvesbicERhrdrierubtadND>Na,Qle- i oni zed water are
wei ghted into a previously tared beaker by neans of a

preci sion bal ance. The suspension in the beaker is

B&iefrpﬁﬁa{i&%?%bbndi&‘(ﬁh%d by a watch glass for 5
m nutes sec) at roomtenperature by neans of a
Follpwing dSEx 787 the imdthod igpysedxtardetarning the elgctriga!
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reference tenperature 21 Cis also to adjust at the

conductoneter. Another 40 ml of fhe suspension are .
Witheapprepriate amaunts of e sarRleransh @istifacwa GRUSPENEIEN

‘&ﬁ’ﬁ :ﬁ %ént@ﬁ?&f" BSRd(niint)is! HedSESR TP thd Yerh SEBRIE S the
suspension is adjusted to 21 °C in a thermostat and the electrical
conductivity is measured by means of a conductometer (Metrohm
conductometer 660 or LF 530, WTW) and a conductivity cell (Metrohm,

modell 6.0908.110).

15 g of the sample being investigated and 285 g of de-ionized water are
weighted into a previously tared beaker by means of a precision balance.
The suspension in the beaker is stirred thoroughly, covered by a watch
glass for 5 minutes (+ 10 sec) at room temperature by means of a
magnetic stirrer with bar. Approximately 40 ml of the suspension are
transferred into a 50 ml beaker and allowed to adjust at 21 £ 0.5 °C in a
thermostate. The reference temperature 21 °C is also to adjust at the

conductometer.

Another 40 ml of the suspension are given in a second 50 m! beaker and
the conductivity cell is prerinsed with the suspension by repeated dipping
into this suspension. Then the conductivity cell is immersed into the

measuring suspension adjusted to 21 + 0.5°C. The measuring value read
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into this suspension. Then the conductivity cell is
imersed into the neasuring suspension adjusted to 21
0.5C. The neasuring value read 31 fromthe
conductivity meter corresponds with the electric
conductance of the suspension at 21 C. The result of
the determnation is the electrical conductivity in
pS/cmof a 5 %suspension. (mm refering to a
tenperature of 21C. The result is rounded to 10 pS/cm
if the conductivity is >= 200 NS/ cm If the
conductivity is < 200 NS/ cmit is rounded to |I NS

cm Determnation of the nean particle si ze The mean

0 b cnicky FpeJBClreoner 8o L 8% ¢186tE 200 urmhPE of

tﬁé’tghgp‘érgldﬁ Fe2thcstri butions of si I icas and silicates
bet ween 0.04 and 2500 pm by neans of | aser

diffraction. The application of Laser diffraction

ar'ﬁggft et a&%pﬁ‘“ tlongg’ﬂfé elE@{rllcﬁhé‘%eno Uity ﬁ\aﬁS/ém 8f a

e Sl zes ase nmenon

503(« suspersiae emtm) réfeghg twat tenmeratauremf 21€Ce rTshet ryesult is

BacciL toi 10 faleot i e SHEe 13- 20 GelCBRRIR 8

dainab@tivnw§<m;nsmmgt ishglmied ¢ Sinph.e bei ng
investigated is to presieve by neans of a 500 pm

si eve before neasurenent. This is valid for mlled

wr;ér%gﬂ-}ég{iti({,?épﬁg'\éﬁqngp%yg&gs wi thout matters > 500

. urn-on of LS 230 (Coulter Particle
'Blez meamapgmele siz6 is2peasiad dowingn!IDu133Z0-WThe @ven |

T s D
of silicas and silicates between 0.04 and 2500 ym by means of laser
diffraction. The application of Laser diffraction using the Fraunhofer
model for the determination of particle sizes is based upon the
phenomenon that particles scatter light with different intensity pattern in
all directions. The scattering depends on the particle size. The smaller

the particles the higher the scattering angles.

The sample being investigated is to presieve by means of a 500 ym
sieve before measurement. This is valid for milled product, respectively

products without matters > 500 pm.

To turn on of the Coulter LS 230 (Coulter Particle Size Analyzer, LS
230, Fa. Beckman-Coulter with Small Volume Module Plus — SVM and
Ultrasonic Processor Sonic Vibra Cell, Model VC 70 T) see the
manufacturer recommendations in the instrument manual. The

instrument adjustment and offset measurement is done automatically. If
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manuf act urer recommendations in the instrunent manual.
The instrunent adjustnent and of fset neasurenent is
done automatically. If 32 the "enter sanple"” info
appears the presieved sanple is given into the

di spersion fluid by nmeans of a spatula until the
follow ng concentrations are reached: Measurenent

wi t hout PIDS: Measuring concentration 10 % 2%
Thereafter the dispersion is punped through the
respective nodule before neasurenent for 1 mnute and
is ultrasonicated for a further mnute under the
follow ng conditions: Utrasonic perfornmance: 25 Watt

Dl j tude abpout. 70 % has to be .correct.ed.duri e
P oBalst EmAie e EPRERSS R REEVedF R BLpifell Wb the
dlﬂliérgioﬁﬁfﬂﬁ& iby7r§e2(n§ bea dpulaRARY tRTRllowddg tbRcantrations e
size distribution starts. The nean val ue or further

gareaehes:si ze val ues may be reported individually
with one decimal place. In case of mlled products the
val ues after ultrasonication are reported (SVM Mdul e:
Méeasurement withoul PiRS8oni c Measuying Deneentration th%of2%he
Tapped Density Follow ng |1 SO 787-11 the nmethod is used
to determ ne the tapped density and tanped vol une of

THegaRMmdrs i didpdrsiohsis Bampetiatpough theurasbective thilodule
revol ution counter and_stroke: (3, 0.1) nrg z?s
before measurement for 1 minute and is ultrasonicated for a further

minute under the following conditions:

Ultrasonic performance: 25 Watt (Amplitude about 70 %, has to be
corrected during the procedure if necessary)
Timer: 1 minute

Pump performance: 75 %
Then the measurement of the particle size distribution starts.

The mean value or further particle size values may be reported
individually with one decimal place. In case of milled products the
values after ultrasonication are reported (SVM-Module: after 1 min.

ultrasonication).

Determination of the Tapped Density
Following ISO 787-11 the method is used to determine the tapped

density and tamped volume of pigments and fillers.

33



wel |l as having a speed: (250 15) rpm ( Engel smann,
Ludw gshafen, STAV 2003) is used. The test nmateri al
bei ng exam ned is used wi thout having been sieved
before. Defined amounts of the sanple are weighed in
a graduated cylinder and subjected to 1250 tapping
operations. During this process the test material is
gradual |y densified. The result of the nethod is the
t apped density of the sanple [g/1]. The tapped density
D(t) 1is given by the equation D(t) - 1000-m V
whereas D(t) tapped density of the test material [g/l1
V vol une after tanping [mM] msanple nass Exanple |

A aeicg voludustenBh arslhfon, SOier ROUIeBR: U ETR AR as
wee s Baling Q{ Ebéé'd 1 @B0CLMB)i P YEngERARBARI LudW|gshafen

reC| itated silica, navy bl ue unsaturated pol yester
3) is eisadl dbe dest meteélabbém expraifedds é\sreséw out

\}?ﬁrlj\? bggﬁ s%rv%g' Wb ?&fl&% l_al‘?ﬁmﬂtg of 'ﬂ? §4oh @P§e5~elgh8% I

ussa( use r epare
ia aagraﬂuatad @ﬂmder and subjecigdito 1256 tapplegtqpemtlonﬁhBuring

é%“ﬁt“oiée%%%sxts%ﬁmaze@“s“ By R RhRE RS PAOEGT he

rﬁe{mﬂs&%e Qi’érﬁsat D BRS Barn ?ré[ él?znﬁa tpped idedsiy D(t)

Degussa(r) H and eothl x(r suppl 1 ed by Huber
is glven by the equation

D(t) = 100\(/) m
whereas

D(t) tapped density of the test material [a/1]

\' volume after tamping [mi]

m sample mass

Example 1

In order to compare cured unsaturated polyester gel coat samples
according to the invention with an identical formulation comprising
standard precipitated silica, navy blue unsaturated polyester gel coat

formulations were prepared as described blow.

The precipitated silica Sipernat® FPS-5 supplied by Degussa® GmbH

was used to prepare a gel coat formulation according to the invention.

The comparison examples comprise two other precipitated silica
34



Engi neered Materials. Zeothix 265(r) represents a
precipitated silica as «clained and used in US
4,497,918 and thus allows a direct conparison between
the gel coats according to the invention and gel coats
according to US 4,497,918. The properties of the
precipitated silica used are summarized in the Table
below. 35 0-. oEcr) w Mmto oU pcocoto o
OCuMITN Qa) oi G vVNwQCOC 04=M0) M A~
co0) coLo(aM WCTTr

products typically used in unsaturated polyester gel coats: Sipernat®
221 S supplied by Degussa® GmbH and Zeothix® 265 supplied by Huber
Engineered Materials. Zeothix 265° represents a precipitated silica as
claimed and used in US 4,497,918 and thus allows a direct comparison
between the gel coats according to the invention and gel coats according
to US 4,497,918. The properties of the precipitated silica used are

summarized in the Table below.
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| sopht hal i ¢ NeoPentyl G ycol (1SO NPG UPE resin,
manuf actured by Ashland Distribution Co. & Ashl and
Specialty Chem cals Co., Colunbus, OH USA, was
utilized as the base resi n. The poI yester polynmer was
di ssolved in 28 w-%styrene, a reactive diluent. No
additional styrene was added to the gel coat. 0.15
-% of BYK(r) A555, manufactured by BYK(r)-Chem e
GmbH, Wesel, Gernany, a de-aeration agent, was added
and m xed with a glass rod prior to silica dispersion.
Silica was dispersed with a 50 mllineter cow es
bl ade by a Di sperrrat at 5000 RPM for 10 m nutes.

| t 4.50 wt-%]| . 1h [
ERpEParBAn Q0e sl caatng pHDPPRLRH Asiant AfRPATSE70, an
Igbﬁlﬁ’lﬁéﬁé %dﬁeﬁﬂ]\@lﬁddl '(1@0 aNpPai EP@ $@§ln ainar?e@&ﬁun%la'\/by

5 mnutes Wt nm_cow es E}Q ment

mm@@d DilsiﬂblaimCﬂa§t Mlgmd Snaciajty @mrmgale q‘zm Wmnipsye
&N
(§§SI ppan‘k/elggm}'&%@ ﬂngiH?é qéé')g ﬁ‘i’xrepgé@é%@g’pfgnaermwg §A>
d}!isscdbed rhesfwhes sﬁdelmé,i allecteaa:tndeudmm anhadc%'hédmal sherene
or vvas t he ro , % t
vt TH0E8 € Tnd TR s BB o S BYRP: 4558 wieR dpttured by
BIERE. Cﬂé%l%ﬂbl-l W@éséi' SBRh&ME a B¥-avratibragemwas addade
at 1000 RPM for ‘1.0 mnute. After the addition_ of all

aphmixedawith a glamro%wmréﬂ silicadispessiopaSiicawag, diseersedd
with &N %[Im?é%é? cowlds di Jg&é %/Z? %‘iiﬁég‘?ﬁ% 5600 ﬂqﬁé\n d‘% 10

|ngre lents 1S provide unmary o
mlmltesf Bilicd atasobadeédatftbﬁo arete¥s leuebITdne piyhtent idigpersion

gaég{ %;} g}észessé;ﬁ% (y spert~:|o‘?'18c(>)fJ thesi !c%néjncﬁélsgerse 570
3000 RPM for 5 minutes with a 50 mm cowles blade. The pigment
dispersion used was Polytrend® 850-7240 Phthalo Blue RS,
manufactured by Degussa® Corporation, Pasippany, NY, USA, and it
was loaded at a 10.0 wt-% level. The final additive included in the gel
coat formulation was the Cobalt promoter, 12% Cobalt Catalyst 510,
manufactured by OMG®, Westlake, OH, USA. The Cobalt was dispersed
by a 50 mm cowles blade at 1000 RPM for 1.0 minute. After the addition
of all additives, a final styrene level of 23.8 wt-% resulted in the gel coat.

in Table 2 an overview of all ingredients is provided:

Table-2 Summary of the gel coat formulation used for each sample.

Material Weight %
85.225 (72% Polymer, 28%
Ashland Aropol S570 Resin Styrene)
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Precipitated Silica 4.500 Polytrend 850 Phthal o Bl ue
RS 10.000 12% Cobalt Catal yst 510 0.125 BYK A555
0.150 Total 100 Exanple 2 To conpare the rheol ogica
properties of the gel coat fornulation of the
invention (1-1) with gel coat fornulations according
to the state of the art (C1 and G 2), the
rheol ogi cal data for each gel coat sanple prepared as
described in Table-2 were neasured as follows: A
Brookfield DV Il + ProVi sconeter and RV spindles #3 or
#4, depending on sanple viscosity, were utilized.
VISCOSIty readlngs were recorded at 2 and 20 RPM The

OO0 M-l at ad.ac At af t+ho

PCEBEIElolEa 2 RoM to tnad 20000 ReM The im tial

P’dl Iytee T F5FPHtHATS BRIZRY! C | 19ad0feS are detarted 1n

-3 Sipernat(r) FPS-% used as thickening filler

12%|an@dtt¢atelyst)51ﬂjl at| on |011§erassed t he performance

201 <

+h ot-Aer—two SH+ea \)Iold "‘lat(i') 22+-5—atrel
%f Iﬁ?’)?(r) 265 used in nop“rnventive exanples C 1 and

Totl 1N LhicCkening anil1ty|gpg t i Xotropi c 1 ndex. This
LS remarkable because Si| ernat (r) 221.S and Zeothix(r)

265 are well known by the industry to be effective

t hi xotropes in unsaturated pol yester gel coats. Table
3 bel ow provides a summary of the experinental results
38 Table-3: Initial Viscosity of the Navy Bl ue Gel
Coat Formul ati ons Exanple Silica Viscosity Viscosity
Examplerdpi c

To compare the rheological properties of the gel coat formulation of the
invention (I-1) with gel coat formulations according to the state of the art
(C-1 and C-2), the rheological data for each gel coat sarhple prepared as
described in Table-2 were measured as follows:

A Brookfield DV I+ ProViscometer and RV spindles #3 or #4, depending
on sample viscosity, were utilized. Viscosity readings were recorded at 2
and 20 RPM. The thixotropic index was calculated as the ratio of the
viscosity at 2 RPM to that of 20 RPM. The initial viscosity and thixotropic
values are detailed in Table-3. Sipernat® FPS-5 used as thickening filler
in inventive formulation I-1 surpassed the performance of the other two
silica Sipernat® 22LS and Zeothix® 265 used in non inventive examples
C-1 and C-2 in thickening ability and thixotropic index. This is remarkable
because Sipernat® 22LS and Zeothix® 265 are well known by the
industry to be effective thixotropes in unsaturated polyester gel coats.
Table 3 below provides a summary of the experimental results
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(cp) @2 RPM (cp) @20 RPM I ndex 1-1 Sipernat FPS-5
12550 3400 3.69 C-1 Sipernat 22LS 9900 2890 3.43 C-2
Zeot hi x 265 10850 3045 3.56 Exanple 3 To test the
color retention gel coated | am nates were produced
with the gel coat fornulation presented in Table-2.
For this Norox(r) MEKP-9H, a nethylethyl ketone
peroxi de (MEKP) initiator, manufactured by NORAC(r),

I NC., Azusa, CA, USA, was used to cure the gel coat.
1.25 wt-% MEKP was added to the gel coat and stirred
in by hand. The initiated gel coat was then applied
over a 12" by 12" glass plate by a draw down bar at a

TobErEaming vioRte orehp M BTs GE1 P 0Bt FbFmidions.,

Ekamtpl@ Baisear ch Labor aViﬁdo@ty I'NC.|,vidéosity de, NYThixotropic
USA, release agent. Af} curing for] 90 m nutes at

room tefperature, the g(é?P Q@A be{GRb@aBRﬁMh Index

(

ber—r Jorc S | Fammatg: rtayersjfaf
'11'5 oung Sﬂ59?”:3133 P§”5 tu%a 0ed with J|Ashland l\/625-:%69

Genher al Stpqm ZZLSlophgmi c | am nqt2890esi n, wer ¢3.43

hand |a nr~| fha coat— The-l-a 'ngfa racn )
et ed wf €Rot %ﬁ(f(r) I\/Ei@ﬁ@pl nitiat dri48d al | owed pfé

TUre at room tenperature for 24 hours and then pos
cured for 4 hours at 60C. After curing, each plate
was cut into four 100 nmm by 150 mm si zed pi eces. 39
e 1 O nmm by 150 mm of said sanple plates, for each
xgmpe ?est ed, was kept as a standard. The ot her

Torea the Tokst Wrﬁiohsgﬁl doatdcE Rimifiate® were produced with the
gel coat formulation presented in Table-2. For this Norox® MEKP-9H, a
methylethyl ketone peroxide (MEKP) initiator, manufactured by NORAC?,
INC., Azusa, CA, USA, was used to cure the gel coat. 1.25 wt-% MEKP
was added to the gel coat and stirred in by hand. The initiated gel coat
was then applied over a 12" by 12" glass plate by a draw down bar at a
thickness of 25 mils (0.6350 mm). The plate was treated with Axel
XTEND™ 818, manufactured by AXEL Plastic Research Laboratories,
INC., Woodside, NY, USA, release agent. After curing for 90 minutes at
room temperature, the gel coat was backed up with fiber reinforced
polyester laminate. Four layers of 1.5 ounce glass mat saturated with
Ashland M625-2, a general purpose Orthophthalic laminate resin, were
hand layed behind the gel coat. The laminate resin was cured with
Norox® MEKP-9 initiator and allowed to cure at room temperature for 24
hours and then post cured for 4 hours at 60°C. After curing, each plate
was cut into four 100 mm by 150 mm sized pieces.
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retention after water exposure. A BYK Gardner
Color-View was used to determne the CIE L*, a*, b*
col or space of each sanple plate. CITE L*, a*, b* is
an international color scale recommended by ClE
(Commi ssion International d' Eclairage) in 1976. L*
represents |lightness, a* represents the red/green
region, and b* represents the yellow blue region. CIE
L*, a*, and b* are often just used by the infornal
abbrevi ation Lab. Plates were neasured for their
initial color value prior to being tested for their
color retention. Four initial color values were taken

d Lab l d. A€
B 1ol et By 4P rtm oAt SRR By Hor PRER IR Rstes.
whskept 45 akthRdardeSTha atheelthreer sakst were beatl to fest rolor
pol yvi nyl chloride (PVC

) gi e attached to the Iatg,
rgterttine ajter vealer expesiire. ds Xg §?Mf@6&°'?fu\6'§@’r‘!"agwée to
. [% * 0 J* a*
GtpifiRg fé EHPIF A25; Eolpb¥sbe Of Sch adthpré blalgo B L, 2
htaise an vinternatihadl doboresedie PeComnpandednby € b ¢Cominyissing

| coat i.n cQnt ith - Vi
froBRey ot Th 076 Lt RonrRe S sohless 2, Rirefe e
thi rebRree redienPard bt aéresestsaht hellon/ige degiona GIE L*,
q‘egree* Cel sl us. oven. After seven d% s of el evat ?D(il
3'eRpdiatarecoftemivist spd by thedptormaha é'é?a'i'ﬁtm @b, Flates
\&%%t ﬁng?sdﬂ%a Brth&H iﬁif??l r&‘?&r\%lﬁﬁ@ ?)ri%F 0 BRirlg e for their

ter tTourteen days of the color retention test, the
aoboreetantignp | Fugsnitiel eolonndliesiwarel takestangl theravefiage Lab

h i | gr. The.del.; * val
B ReRSuR, e i GitbEedipr VAUEE WETE el 158 Btee
séad;a? pliat[e)se ia dééoElL Sot hiesting alcotor! aetatitibhertercea bet waeh
mnimasieiide (PVC) i aitasheckiaiinsepiEle o i gccoal side.

R sfidone rubber. The silicone rubber was allowed to dry for 48
hours. After the silicone rubber dried, 100 mL of de-ionized water was
added to each PVC pipe, therefore only the gel coat was in contact with
water. The contact area between the water and gel coat was a 50 mm
diameter circle. The sample plates were then placed in a 65 degree
Celsius oven. After seven days of elevated temperature, one sample
plate, for each silica tested, was pulled to record the change in color.
After fourteen days of the color retention test, the remaining plates were
pulled and tested for the change in color. The delta E* value was
calculated for each sample plate after both seven and fourteen days.
Delta E* is the total color difference between samples. Delta E* is equal
the square root of the sum of the delta L* delta a*, and delta b* values

squared.
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40 The delta E value indicates a shift in color, and
the smaller the delta E the lower the shift in color,
or the better a sanple can retain color. Typically,

it is difficult the hunman eye to see a difference in
color if the delta Eis belowthree. Detailed in
Tables 4 to 9 are the initial color coordinates, aged
col or coordinates, and the delta E. The inventive ge
coat I-1 including Sipernat(r) FPS-5 displayed
substantial inprovenent in color retention versus the
no i nventive exanples C-1 and C2 conprising
precipitated silica currently utilized as thixotropes

Uk 8RE FVALE BBt Ll or” oy ShE Ml o Eehd &

tﬁéyiswbe&l?@céhlﬂeihycol&ahirem betted ar gambly ca&smtam atfior.
5 ST B P TP o 5

dé}th% 68?6\9fthf’ee017detgﬂe%97n‘3Ta8ibs5Z Jta 9 fm tﬁe@ﬁituar color

0657 9. 9985 -22. 508 Val ue: 1.
croam:ea@.s aged eotari qudmetgal aad dhe gi@lltadéaThtt cun\mmtlue igeh

g4 IPBLRG SR RE® PSS hioPales e ijel mtB R
Plor4bntiod heflE3the Hdlinventive examples C-1 and C2 comprising
precipitated silica currently utilized as thixotropes in unsaturated
polyester. The differences in delta E are summarized in Table 10 for
seven and fourteen days respectivély.

Table-4:
Coloromiter results of gel coat formulation |1 containing Sipernat®

FPS-5 after 7 days water exposure:

Data Type L* b* b*
Initial Color 4.0177 9.2978 -21.5712
Day 7 Color 5.0657 9.9985 -22.5087

Delta E* Value: 1.5710

Table-5:
Coloromiter results of gel coat formulation I-1 containing Sipernat®

FPS-5 after 14 days water exposure:

Data Type L* a* b*

Initial Color 3.9547* 9.3453* -21.4973*
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Day 14 Color 1 4.4697* 10.0436* -23.0816* Delta E*
Val ue: 1.8084* *average of two separate panels

Tabl e-6: Coloromter results of gel coat formulation
C-1 containing Sipernat(r) 22LS after 7 days water
exposure: Data Type L* a* b* Initial Color 3.8676
9.2527 -21.6003 Day 7 Color 5.2033 10.2140 -24.3995
Delta E* Value: 3.2471 Table-7: Coloromter results
of gel coat forrmulation G 1 containing Sipernat(r)
22LS after 14 days water exposure: Data Type L* a* b*
Initial Color 3.8917* 9.3128* -21.4219* Day 14 Col or
1 5.1986* 10.2524* -24.6845* Delta E* Value: 3.6385*

* avar ana af Wo-—Sana Aannl o TITabhl o Lol ,-.vp“l t—ef

PRLAIGOIBT Tg b 4081 1 or mul BU-BICE 2. cont|sPRORO Z6ot hi ]

I?@!PAE*\/%M?@W 808aYS Water exposure: Data lype L a* b*
3.9976 9.7336 -22.3296 42

*average of two separate panels

Table-6:
Coloromiter results of gel coat formulation C-1 containing Sipernat®

22LS after 7 days water exposure:

Data Type L* a* b*
Initial Color 3.8676 9.2527 -21.6003
Day 7 Color 5.2033 10.2140 -24.3995

Delta E* Value: 3.2471

Table-7:
Coloromiter results of gel coat formulation C-1 containing Sipernat®

22LS after 14 days water exposure:

Data Type L* a* _ b*
Initial Color 3.8917* 9.3128* -21.4219*
Day 14 Color 1 | 5.1986* 10.2524* -24.6845*

Delta E* Value: 3.6385*
*average of two separate panels

Table-8:
Coloromiter results of gel coat formulation C-2 containing Zeothix

265° after 7 days water exposure:
Data Type L* a* b*
Initial Color 3.9976 9.7336 -22.3296
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Day 7 Color 5.5198 11.0182:-26.0652 Delta E* Val ue:
4.2335 Table-9: Coloromter results of gel coat
formul ation C-2 containing Zeothix 265(r) after 14
days wat er exposure: Data Type L* a* b* Initial Color
4.0745* 9.7408* -22.5727* Day 14 Color 1 5.5591*

11. 0528* -26.4257* Delta E* Value: 4.3326 *average of
two separate panels Tabl e-10: Sunmmary of the

Col oromiter Results: Exanple Delta E* after 7 Delta
E* after 14 days days I1-1 1.5710 1.8084 C-1 3.2471
3.6385 C-2 4.2335 4.3326 The anal ysis of the col or
retention of the gel coating forrmulations I-1, C1

and. C. 2 auvor ti o

Al v-eri whi--e—bet-Rg-—exposed—to—rfe—ipptzed
DY ZColpEy ca §'51§§gni ticart! WP182r ences | fOPRR? Y
et 4.2 € 10 confirns, that the gel coat
according to the invention exhibits a very good col or
retention after 7 days as well as after 14 days. The
.t%jé_gof. color retention observed is I ess than half of
easured by conparison exanples G1 and C 2.
Goliosomiter aesdits aofygelinpoatvforanilation Gehcentaining Zeothix a

43
265°® after 14 days water exposure:

Data Type L* a* b*
Initial Color 4.0745* 9.7408* -22.5727*
Day 14 Color 1 | 5.5591* 11.0528* -26.4257*

Delta E* Value: 4.3326
*average of two separate panels

Table-10: Summary of the Coloromiter Resuits:

Example Delta E* after 7 | Delta E* after 14
days days
I-1 1.5710 : 1.8084
C-1 3.2471 3.6385
C-2 4.2335 4.3326

The analysis of the color retention of the gel coating formulations I-1, C-1
and C-2 over time while being exposed to de-ionized water, reveals
significant differences in their performance. Table 10 confirms, that the
gel coat according to the invention exhibits a very good color retention
after 7 days as well as after 14 days. The loss of color retention
observed is less than half of that measured by comparison examples C-1
and C-2. This extraordinary improvement was achieved by using a
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precipitated silica according to the present

i nvention. The gel coats of the invention thus
fulfill the objects of the invention, even when using
only one precipitated silica instead of a m xture of
precipitated silica and pyrogenic silica. As
confirmed by exanple 2, the rheol ogical properties
are al so excellent, thus use of a pyrogenic silica in
addition to precipitated silica is no |onger
necessary. The above witten description of the

i nvention provides a manner and process of maki ng and
using it such that any person skilled in this art is
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comprising at least one precipitated silica having

- ABET surface of from 150 to 250 m?/g
- A SiO; content of more than or equal to 98.5 % by weight
- A NazO content of less than or equal to 0.5 % by weight.

As used herein, the phrases “selected from the group consisting of,”
“chosen from,” and the like include mixtures of the specified materials.
Terms such as “contain(s)” and the like as used herein are open terms
meaning ‘including at least’ unless otherwise specifically noted.

All references, patents, applications, tests, standards, documents,
publications, brochures, texts, articles, etc. mentioned herein are
incorporated herein by reference. Where a numerical limit or range is

stated, the endpoints are included. Also, all values and subranges within
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a nunerical limt or range are specifically included
as if explicitly witten out. The above description
is presented to enable a person skilled in the art to
make and use the invention, and is provided in the
context of a particular application and its

requi renents. Various nodifications to the preferred
enbodi ments will be readily apparent to those skilled
in the art, and the generic principles defined herein
may be applied to other enbodi nents and applications
W t hout departing fromthe spirit and scope of the
invention. Thus, this invention is not intended to be
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outi nci pl es and features disclosed herein. In this
regard, certain enbodinents within the invention my
not show every benefit of the invention, considered
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seperaf the invention. Thus this invention is not mtended to be l|m|ted
to the embodiments shown, but is to be accorded the widest scope
consistent with the principles and features disclosed herein. In this
regard, certain embodiments within the invention may not show every

benefit of the invention, considered broadly.
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Claim3: A gel coat conposition according to claiml,
wherein the at |east one precipitated silica has a
nmean particle size of from0.1 to 14 pm Cdaim4: A
gel coat conposition according to claim1, wherein the
at least one precipitated silica has a BET surface of
from170 to 200 n2/g. Caimb5: A gel coat conposition
according to claim1l1, wherein the at |[|east one
precipitated silica has a SiQ2 content of from99.0 to
99.9 % by weight. 46 Claim®6: A gel coat conposition
according to claiml1l, wherein the at |east one
preci pitated silica has a Na20 content of form0.01 to
g % by weight. Caim7: A gel coat conposition
2By Bi™ing to claim1, wherein the at |east one
pr eci pltated si I i ca has a conductivity of fromto 1 to
150 pS/cm coat conposition accorg n

p&am 35 qureﬁmrr enwreﬂ egeAtcoalt ERBIPOSHION,CMPHiFing 13t Jea
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uncured gel coat conposition according to
corapasition cafrgi déast nge aredipitated silicalhayindur at ed pol yest er
resin. Claim 10: An uncured gel coat conposition
according to claim1, conprising at |east one

unsat A'BEBduiiate 68freh 150t0r250amPlgg a wei ght  aver age
nol ecul ar wei ght of 1,300 to 11 Ogg. ;:1 ai m 1% A gel
coat RctiPesrhieshobeom Manrreaua B, Jory, weight

COﬂDng«%@ caheh@aﬁésmn'd}w@m&o B 9B e/ or at

| east organic pigment. Caiml2: A gel coat
conmposition according to clai m 1, wherein said resin

Claim 2: A gel coat composition according to claim 1, wherein the at
least one precipitated silica has a conductivity of less than or equal to
450 pS/cm.

Claim 3: A gel coat composition according to claim 1, wherein the at
least one precipitated silica has a mean particle size of from 0.1 to 14

pm.

Claim 4: A gel coat composition according to claim 1, wherein the at
least one precipitated silica has a BET surface of from 170 to 200 m2/g.

Claim 5: A gel coat composition according to claim 1, wherein the at

least one precipitated silica has a SiO, content of from 99.0 to 99.9 % by

weight.
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is cured. Claim13: A cured gel coat conposition
according to claiml1, conprising at |east one

pol yester resin. 47 Claim 14: A process for preparing
a gel coat conposition according to Caima1l,
conprising conmbining said at | east one silica with at
| east one wunsaturated polyester resin to forma ge
coat conposition, followed by optionally curing said
conposition. Claim15: A process for preparing a ge
coat conposition according to Caim 14, conprising
curing said conposition. Claim16: A process for
preparing a gel coat conposition according to Caim
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artlcle according to cIa|n118 mherein said gel coat
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e i 9
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IE84tSrY SRRipitated silica has a mean particle size of from 2 to 8.5 pm.

Claim 9: An uncured gel coat composition according to claim 1

comprising at least one unsaturated polyester resin.

- Claim 10: An uncured gel coat composition according to claim 1,
comprising at least one unsaturated polyester resin having a weight

average molecular weight of 1,300 to 110,000.

Claim 11: A gel coat composition according to claim 1, further comprising

at least one inorganic pigment and/or at least one organic pigment.

Claim 12: A gel coat composition according to claim 1, wherein said resin

is cured.

Claim 13: A cured gel coat composition according to claim 1, comprising

at least one polyester resin.
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48 Claim 21: An article according to claim19, wherein
the article is selected fromthe group consisting of
watercrafts, wind mlls, sw nmng pools, tubs,
showers, sanitary ware, tanks, pipes, tanks, ducts,
fume stacks, build panels, ships, electrical parts,
aircraft conponents, and electronic conponents. Caim
22: An article according to claim19, wherein the ge

- coat conprises a polyester resin and wherein the
article is a watercraft hull. 49

Claim 14: A process for preparing a gel coat composition according to
Claim 1, comprising combining said at least one silica with at least one
unsaturated polyester resin to form a gel coat composition, followed by

optionally curing said composition.

Claim 15: A process for preparing a gel coat composition according to

Claim 14, comprising curing said composition.

Claim 16: A process for preparing a gel coat composition according to
Claim 15, comprising applying said gel coat composition to an article,

followed by curing.

Claim 17: A process for preparing a gel coat composition according to
Claim 16, wherein the article is selected from the group consisting of
watercrafts, wind mills, swimming pools, tubs, showers, sanitary ware,
tanks, pipes, tanks, ducts, fume stacks, build panels, ships, electrical

parts, aircraft components, and electronic components.

Claim 18: An article coated with a gel coat composition according to

claim 1.

Claim 19: An article according to claim 18, wherein said gel coat

composition is cured.

" Claim 20: An article according to claim 19, wherein said article is fiber-

reinforced.

48



Claim 21: An article according to claim 19, wherein the article is selected
from the group consisting of watercrafts, wind mills, swimming pools,
tubs, showers, sanitary ware, tanks, pipes, tanks, ducts, fume stacks,
build panels, ships, electrical parts, aircraft components, and electronic

components.

Claim 22: An article according to claim 19, wherein the gel coat

comprises a polyester resin and wherein the article is a watercraft hull.
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