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1 EPOXY P XANE COATI NG AND FLOORI NG COVPOSI TI ONS Fi el
| nvent i onvgg\@)lk(89 This invention relates to epoxy resi ngﬁg{b‘g#;@%“ ng

and, fl ooring materials having inproved properties of flexibility,
wea} herabi it e55| ve strength and chemical resistance. Background 10
Epoxy coat i nEi’QX] LY SILOXANE COATING ANDI FLOORING COMIPQSITIONS

comerci al acceptance as protective and decorative coatings for steel,

al um nu | vanpi ,..wood and concrete in naintenance, marine,
construchﬁ&%ﬁ&iﬂl&mf al ,aircraft and product finishing markets. The
bas§ ct ra}N mat 'Q'hisainventkit?rélﬂes) 6 [BPpoRy tresif Q:a@&lifcb%mfgdﬁﬂdlero%hh ﬁjﬂt&ﬁﬂsS&vﬁfg
essenti a n esi a hardener

o agar o4 BPEVER" el oE SRR, EnBerbilie sORPIGHYE, et ol Rhefieal
mat er i al gesistanoe. cont ai n several conponents in addition to the epoxy resin,
har dener and pi gnent/aggregate. These include such additives as nonreactive

and reactjve diluents including nono- and di-epoxides, plasticizer,

bi t uni noMﬂ%&phal ti c extenders, adhesion pronoters, suspending agents
andtﬂ Ihl xot r opEpoxys godtings ant sflootthg makepialsoareowell rldnb{gl ﬁﬁf haveugimad/ cométerdialght
stabiliz th the.r
hardeneﬁs??%%%éﬁ%é?ﬁés}@%s%@ﬁbﬁwgﬁ ST Al EvaPiify Aod and
pri mary - fcaperetecin maintenanes,ananine; construction e architeqturalyi ajmgft and predust &inishing
sui t abl e piftketS Pr THe dasiciradt hﬁféri&lst bsea%v BtphfeNfHese? chatiris eﬁéﬁll Nébmprise as

ot oper 1 SeRF FOERTETE By 4B SPPRBIESDS W Sgrdtsﬁéfé#w@«ﬁﬂqa niqsngp"%iéfp%aﬁ”y
reath | y zompbadite and are easily applied by a variety of nethods including

Spraying. 1ol kiiandfi P IS fderiof 5 QNG Snatld e L6ibin GOBG] Bhpadh

ot her substra vapor-transm ssron r

barri er s ib additioe fo thémrgxy tﬂélfh harmﬂf andd)lgmnnt/aggrwﬁ Fhese inpdudesueh pdditives
cor r osi ons RbAeREtiveUhdUesRIve dilidsts Bicludihg ﬁioﬁﬁsﬂ’ﬂ?dll-éi)oﬁiﬂéﬂsplﬁﬁxc%f‘ qilﬁin‘ilﬂﬁusand

N R MM R O DT P
pri2@ri | yofrosioniphibitats, aitravielet LghtcstahilizerEneatalpstsrand irhédlggicalomedifibrs. Bpthxy

based 1 gRY tesfh 414 ifdrdiéter components may also contain volatile organic solvents whose primary

function is to lower viscosity thereby providing a consistency suitable for spray apphcatlon

~ with conventional air, airless and electrostatic spray equipment.

Epoxy based protective coatings possess many properties which make them desirable

25 as coating materials. They are readily available and are easily applied by a variety of

methods including spraying, rolling and brushing. They adhere well to steel, concrete and

other substrates, have low moisture vapor transmission rates and act as barriers to water,

chloride and sulfate ion ingress, provide excellent corrosion proteétion under a variety of

atmospheric exposure conditions and have good resistance to many chemicals and solvents.

30 Epoxy based materials are also formulated as surfacers or flooring materials primarily

for application over concrete. One commercially successful epoxy based flooring material

utilizes liquid bisphenol A epoxy resin and a modified aliphatic polyamine combined with

graded silica sand aggregate as a third component. It can be spray applied and has excellent

compressive, tensile and flexural strength, good res1stance to impact and abrasion and resists

35 a wide variety of chemicals and solvents. : :

Epoxy based coating and flooring materials generally do not have good resistance to

weathering in sunlight. While such coatings maintain their chemical and corrosion

resistance, expc;sure to the ultraviolet light component of sunlight results in a surface
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|npr0ve m cal corrosio abrasion re ce are

needed faNCaBoSAWASS 3AH YWaSRY V&’é%’oﬁ‘i?ﬁﬁ"iﬁr’r‘ghéﬁ JPaper; 3nd Aulprprecessipg dndugEes. 1 or | |
pr ot ect Imgr;\teaeépoa obacsedmd&mymatehsmm 418! need&\ii ifRisGiad ienOitontants Gath as |

" mpr oved EBURATR 2RI $éﬁtﬁépﬁaﬁé‘?@%ﬁ@&%ﬁfﬁﬁﬁé?#oPZ\ bl °=

Ie_% (r)\(;ﬁrmm be sepeatedly cleaned with steam and aggressive chemicals, such as those found in food '
processing, meat packaging and beverage industries and where spills of caustic, acid and |
highly reactive chemicals cannot be avoided. S '

Heretofore, epoxy coatings with improved weatherability have been obtained by
modification with acrylic resin or by curing inherently weatherable epoxide resins i.e.,

25 sorbitol glycidyl ethers, hydrogenated reaction products of bisphenol A and epichlorhydrin,

' and more recently the epoxy functional coetherified melamine resins. from Monsanto with
polyamide, cycloaliphatic amine or carboxyl functional acrylic or polyester resins. Another
approach has been to use epoxidized polyester resins in combination with certain carboxyl
furictional vehicles. While these coatings exhibit improved weatherability, their chemical and

30 corrosion resistance is generally inferior to the epoxy resin based coatings prevxously
described. : :

Epoxy based ﬂoonng ‘materials w1th improved chemical resistance have been
developed from epoxy novalac resins and modified cycloaliphatic and aromatic. amine
hardeners. Epoxy novalac based flooring materials generally cannot be sprayed at 100%

35 solids because of their high viscosity. Aromatic amine hardeners, i.e. methylene dianiline and
diethyltoluene diamine are either carcinogenic or suspect carcinogens. - These materials
generally have excellent chemical resistance, however, their weatherability is Very poor.
Discoloration may often occur indoors.
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PCT}US95/ 1182()1 an optional Gyt ore, it is an object of the present
invention to gyovifgigmeat hnder ggg}égatg%ﬁ?oﬁaﬁt igp@s With inproved chem cal,
no

corrosion andﬁsx,eat heri ng resistance her Obj ect of this invention-is to
~provi de sol ve e i ed epoxy based flooring nmaterials with inproved
resi stance t oAvpmtdcave fiporing embopdiment of the €oimpositdon is prepareticby eoinbinbmg theand

which 5 ollov%? kgféhﬂh tensil e and conpressive strength and excel |l ent
resi stance to rrp% and abr asi on.
a resin component based on a blend of (1) an aromatic epoxy resin having at

least two 1,2-epoxy groups with (2) a polysiloxane and (3) an optlonal
organooxysilane;

(b) an amine hardener component which may be substituted wholly or in part thh
an aminosilane;

25 (c) an optional catalyst;
(d) a pigment and/or aggregate component; and
(e) water.

Coating embodiments of the composition comprise in the range of from about 15-45
percent by weight of the non-aromatic epoxy resin ingredient, 15 to 45 percent by weight
30 polysiloxane, 1 to 10 percent by weight organooxysilane, 10 to 20 percent by weight amine
hardener, and up to about 4 percent by weight catalyst. _' |
~ Flooring embodiments of the composition comprise in the range of from about 5-20
percent by weight of the epoxy resin ingredient, 1 to 10 pefcent by weight polysiloxane, up
~ to 2 percent by weight organooxysilane, 2 to 5 percent by weight amine hardener, and up
35 to about 4 percent by weight catalyst. : :
The epoxide resins useful in formmg coating embodlments of this invention are non-
aromatic hydrogenated resins which contain more than one 1,2-epoxy groups per molecule
and more preferably two 1,2-epoxy groups per molecule. The weight per epoxide of such
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Summary of the Invention A protective coating enbodi nent of the corrposition'
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conbi ni ¥ 531035“?'15?9 m‘%H'VFﬂﬁ‘ﬂ“emc"Bﬁgsa’m%"“W YIESISy 3 resin component -

baSed on a bPelysilaXané¢syseful imcoatingiand Aporigg’ embodmieamoﬁgheapremaatvenmm have

1, 2-epo s with (2) a polysiloxane and (3) an optional i
organooxysilane;” (b) an am ne hardener conponent which may be substltuted
wholly or in part with an am nosilanej g5 (c) an optional
catalyst; (d) a pignent and/or aggre att cornponent; and (e) water.

Coat i ng embodi ments of the conpositio qonprlse in the range of fr om about -
1545 percent by wei ght of the non-arofatic egoxy resin ingredient, 15 to 45
pet@ent by wei ght 30 pol ysi | qgane 41sitc @ ﬁercent by wei ght

or ganooxysil ane, 10 to 20 percent® by I ght ne hardener, and up to about
4 percent by weight catalyst. Floorin mbodilnents of the conp05|t|on
conprise in the range of from about 5420 perdent by weight of the epoxy
resin ingredient, 1 to 10 percent by ht gol ysiloxane, up to 2 percent :
by wei ght organooxysilane, 2 to.5 percent by feight am ne hardener, and up:

35 to about 4 percent by weight catal yst. The epoxi de resins usef ul in ‘

f oldri ng coating embodi ments of this invention are non-
where each R, is selected from the group consisting of the hydroxy group and alkyl, aryl and
alkoxy groups having up to six carbon atoms. Each R, is selected from the group consisting
of hydrogen and alkyl and aryl groups having up to six carbon atoms and wherein n is
selected so that the molecular weight of the preferred polys110xanes may be in the range of
20 from 500 to about 2000. - -

~ Organooxysilanes useful in coating and flooring embodlments of the present invention

have the formula:

R,—fi —OR,
OR,

25

30 where R3 is selected from the group conmstmg of aryl alkyl, and cycloalkyl groups

containing up to six carbon atoms and where Ry is mdependenﬂy selected from the group

- consisting of alkyl, hydroxyalkyl, alkoxyalkyl and hydroxyalkoxyalkyl groups contammg up
to six carbon atoms. The epoxy resin, polysiloxane and organooxysilane are combined to
form the resin component. '

The hardener component comprises an amine selected from the general classes of
aliphatic amines, aliphatic ‘amine adducts, polyamldoamx_nes, cycloahp_hatxc amines and
cycloaliphatic amine adducts, aromatic amines, Mannich bases and ketimines which may be
substituted wholly or in part with an aminosilane having the general formula:

35
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carbon at 0%*83\%!6'1%5%@8?’7 F}}itge FWH&E{N e
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qrouns ©OathitioSdie Wherk *a® i gf@f&@mﬁé@%nh BBSVERFRIM R 10, abBet ¥igi | oxane and
or ganooxysi | a to formthe resinh co nent. . LThe hardener

ne are conbiped, 0
conponent conph PEeferred, cﬁ‘ﬁf)ﬁblssaé! QreaReun WPWV%N&‘eﬂe"ET% QUIWRt aliphatic

am 18s, aliphatic am ne adducts, polyam dgerri nes, cycloaliphatic am nes and

R-su-
R,

20 where R5 and R6 are selected from a group consisting of alkyl, aryl, and alkoxy groups
having up to eleven carbon atoms, and R7 and R8 are selected from the same groups as RS
~ and R6, or from a group consisting of inorganic atoms such as halogens, sulphur or oxygen.

The coating embodiment of the composition according to the present invention
comprises a fine particle size pigment or aggregate material, preferably with 90 percent by
25 weight greater than 325 mesh U.S. Sieve size. The flooring embodimexit of the composition
according to the present invention comprises a coarse or a mixture of coarse and fine particle
size aggregate material, preferably at least about 85 percent by weight of the aggregate
component will be between 10 and 200 U.S. Sieve size. '
Water should also be present in an amount sufficient to bring about hydrolytic
30 polycondensation of polysiloxane and silane. The coating and flooring embodiments of the
composition of the present invention may additionally contain certain catalysts to improve
cure time, solvents to improve spray atomization and application, and rheological modifiers

to improve flow characteristics. - o
Curing of the coating and flooring embodiments of the compositions involve the
33 simultaneous reaction of the epoxy resin with the polyamine to form a cured linear epoxy
polymer, hydrolysis of the polysiloxane and/or organooxysilane to form silanol, and the
polycondensation of silanol to form an epoxy-modified polysiloxane polymer. The
cOmpositions formed by combining the above-identified ingredients can be cured in situ on
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at | eastconibinihg &b thecpreseice lof waterght of the aggregate corrponent will be
between df agd {0 cymﬁonélte&ﬂnﬁﬁﬁﬁg a non-aromatic epoxide resin, polysiloxane and
20 organooxysilane;
() a hardener component;
(c) an organotin optional catalyst; and
(d) a pigment and/or aggregate component
The epoxy ﬂoonng embodiment of the composition is prepared by combmmg in the
25 presence of water;
(@ aresin component compnsmg an aromatxc epoxy resin, polysiloxane and an
optional organooxysilane;
(b) a hardener component;
(c)  an optional organotin catalyst; and
30 @ a pigment and/or aggregate component. _ :
~ The coating and flooring composition may also contain other components such as,
rheological modifiers, plasticizers, thixotropic agents, antifoam agents and solvents and the
like to achieve the desired properties sought by the user.
With respect to the resin component, it comprises a blend of epoxide resin,
35 polyslloxane and organooxysilane. Suitable epoxy resins useful in forming coating
embodiments of this invention are non-aromatic hydrogenated epoxy resins that contain more
. than one and preferably two 1,2-epoxy groups per molecule. Preferably, the epoxide resins
are liquid rather than solid, have an epoxide équivalent_weight of about 100 to about 500,
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20 weight epoxide resin. If the coating composition comprises less than 15 percent by weight
epoxide resin, chemical resistance of the coating will be compromised. If the coating
composition comprises greater than 45 percent by weight epoxide resin, the weatherability
of the coating will be compromised. A particularly preferred coating composition comprises

. approximately 25 percent by weight non-aromatic epoxide resin.

25 ' Preferred epoxide resins for flooring materials, surfacers, are blends of Shell Epon 828
(bisphenol A-epichlorohydrin epoxy resin) with difunctional epoxide reactive diluents such
as neopentylglycol diglycidylether, resorcinol diglycidylether and cyclohexanedimethanol
diglycidylether, bisphenol F epoxy resins i.e., Shell Epon DPL 862 (bisphenol F-
epiclorohydrin epoxy resin) and epoxy phenol novalac resins such as: Epalloy 8250 (epoxy

30  novalac resin) from CVC located in Cherry Hill, New Jersey; Araldite EPN 1139 from Ciba
Geigy; and DEN432 and DEN438 from Dow Chemical. These epoxide resins display good
chemical resistance. A particularly preferred epoxy resin for flooring and surfacer
compositions is Epalloy 8250.

A preferred flooring composition comprises in the range of from 5 to 20 percent by

35 weight epoxide resin. If the flooring composition comprises less than five percent by weight

~ epoxide resin resistance to alkaline chemicals will be compromised. Additionally, the cost
to manufacture the composition using an offsetting amount of polysiloxane and
organooxysilane would be prohibitive. If the flooring composition comprises greater than
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ecul e. Preferably, the
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resins are I|qU|d rat her than|solid, |have an epoxide equival ent
of about 100 to about 500, -6- WO 96/ 16109
5/11827 1 and have a react{vjty off about two. Preferred epOX|de

are non-aromatic hydrogenated ¢yl ohe
of hydrogenated Bi sphenol A-type epoxide resin, such as Epon

Eponex 1510, Hel oxy 107 and Eponex 1513 ( a/drogenat ed bi sphénol

mhptmgq;h Ry is selected from the group consisting of the hydroxy group and alkyl, aryl
and alkoxy groups having up to six carbon atoms. Each R, is selected from the group
consisting of hydrogen and alkyl and aryl groups having up to six carbon atoms. It is
preferred that Ry and R, comprise groups having less than six carbon atoms to facilitate
rapid hydrolysis of the polysiloxane, which reaction is driven by the volatility of the alcohol
analog product of the hydrolysis. R; and R, groups having greater than six carbon atoms

~ tend to impair the hydrolysis of the polysiloxane due to the relatively low volatility of each

alcohol analog. Methoxy, ethoxy and silanol functional polysiloxanes having n selected so
that their molecular weights are about 400 to about 2000 which are preferred for formulating
coating and flooring materials of the present invention. Methoxy, ethoxy and silanol
functional polysiloxanes having molecular weights of less than'400 would produce a coating
and flooring composition that would be brittle and offer poor impact resistance. Methoxy,
ethoxy and silanol functional polysiloxanes having molecular weights of greater than 2000
produce a coating and fiooring composition having both a viscosity outside the desired range
of from about 3,000 to 15,000 centipoise (cP) at 200C, and are too viscous for application
without adding solvent in excess of current volatile organic content (VOC) requirements.

Especially preferred methoxy functional polysiloxanes are: DC-3074 and DC-3037

from Dow Corning; GE SR191 and SY-550 from Wacker located in Adrian, Michigan.

. Silanol functional polysiloxanes include, but are not limited to, Dow Corning’s DC840,

35

Z6018, Q1-2530 and 6-2230 intermediates. A preferred coating composition comprises in
the range of from 15 to 45 percent by weight polysiloxane. A preferred flooring composition
comprises in the range of from one to ten percent by weight polysiloxane. If the coating and
flooring composition comprises an amount of polysiloxane outside each range, the coating
and flooring composition produced will display - mfenor weatherability and chemical
resistance. A particularly preferred coatmg composition comprises approximately 30 percent

-8-

ne di met hanol and dlegC|dyI



5 epoxy resi n) from Shell Chem cal in.Houston, Texas; Santolink LSE-120
from MoNsQB'e 161002t ed in Springfield, I\/assachusetts Epodi | péprisos/1827
(cycl ohexane él met hanol di ghyci dyl et her) from Paci f.i c Anchor |-ocated in

iy R TS S s it 0

Lou5| vi | percepteby PRX&'?PW 393 and 607 from Rei choI d | ocated in
Pensacol a, Fl withdfespddd E&Mﬁlusfedom hiake upQihiebresin tamporeait, : prgferred
Tarrytovvn New Yar n- aromati c epoxy resin include DER
732 and ﬂ%ﬁ%‘n%ﬁﬁﬁigﬁﬁ llc‘)‘;wﬂgﬁ’ogenat ed epoxide resins are desired
forStheir I | mted reactivity of about two, which pronote fornmation of a

| i near- epoxy polymer and prohibits formati on of a cross-1linked epoxy
polymer. It is believed that the resul ORg |inear epoxy polyner fornmed by
addi ng the hardener to the 15 epOX|qe resin is responsible for the
enhanced weat herability of this co | olyp The use of such non-aromatic
epoxi de resins to forma weat herabl e ect %ve coating has never before
been expl ored because of the limted r %ﬁgivi ty of the epoxide resin and,

t hel@®fore, the perceived inability of t resin to cure to forma
protective coating. A preferred coating conposition conprises in the range
of from15 to 45 perceht by 20 wei ght epoxide resin, If the coating

conposi t 'vﬂﬂ:r@ ?Eﬁn c&%‘iﬁiﬂgtof Q}’l#gyihﬂ |%S'cIB Ql%ub@ébﬁtammg up
chem cal resi s ance coa onpr o sed he cqati g
conposi t it SXSHEPR @SQP rg’?‘l’%‘rfoﬁ'?’?)‘ég(?@ﬁ?t ?'bﬁ'(o"@p 4 B0 8 "H e

weat her alse]ecﬁe;l on‘romhetheoagmlug vednkisting c afpralkyls edlydﬁoagalk)ﬂ,cuhﬁnokyalhylef and ed

coald ng &ghfﬂoanJEﬁ”g{Juﬁgg;gﬁ&H{iﬂéidﬁa{cg'si& &AvBE'AGAS. DH Noh@Rimed that R

non- ar ona poxi ref érred epoxi de r
f I oori ng CAENPEISE aBTOUPS thaviage kB, 104 61X sarbﬂelsatgmssweifmﬁs% rapig Xﬂfglﬁﬁ'én%f the

'sALce;EI ggl n : 2/ ﬂaﬁé’géglbhch%ad!ﬂon%lﬂgtvﬁt}) rtﬁé gor ci nol d|ﬂxe aﬂm@l gMﬁ%r an

cycl ohexéﬁe‘gFMﬁ@H%F nglée g lﬂ%rgm%?rs&?gnﬁf‘ Garyy %’X‘? { g‘ﬁ N
Epo 2@ DPL hg@blydis ef)tél:rmgarﬁoxg?lanb duo by thei mlanpobyylowemlatjl;mmﬁ eaqlna&g?ol']!ﬂl @ndlog
nove¥ac resing re ot P & 36ch £5Ukion' CaBIdeC
located in Cob J R gxy e d
i i Wt 16 a1 B ety o A SR
chem cal X ﬁdfét&édw&tmg/kompbkmou lcamipyis¢s iafthe range of from omsioteh percehioly weightind

surtacer CRERLALAN b kS i il 6 o Wk Aty

weight organooxysxlane If the coating and flooring composition comprises an amount of

25 _ organooxysilane outside each range, the coating and flooring composition produced will

display inferior impact resistance and chemical resistance. ‘A particularly preferred coating

composition comprises approximately five percent by weight organooxysilane. The preferred
flooring composition comprises approximately 0.7 percent by weight organooxysilane.

Accordingly, a preferred coating composition according to practice of this invention
may comprise a weight ratio of polysiloxane to organooxysilane of apprdximately six to one.

- A preferred flooring composition may comprise a weight ratio of polysiloxane to
organooxysilane of approximately four to one.

The hardener component comprises an amine chosen from the general classes of
aliphatic amines, aliphatic amine adducts, polyamidoamines, cycloahphatlc amines and
cycloaliphatic amine adducts, aromatic amines, Mannich bases and 'ketimines, which each
may be substituted wholly or in part with an aminosilane having the general formula:

Y Si - (0-X),

30

35
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Thé hardener COmponent fora preferfed coating composition comprisés adifunctional - |
25 atmne, i.e., an amine having 2 active hydrogens, substituted in part or in whole by an '
ammosﬂane having the general formula: ’

Y - Si - (0-%),

30 where Y is H(I-INR')a and where a is one, R is a difunctional organic radical independently
selected from the group consisting of aryl, alkyl, diatkylaryl, alkoxyalkyl, and cycloalkyl
radicals, and where X is limited to alkyl, hydroxalkyl, alkoxYalkyl and hydfo_xyalkoxyalkyl
groups containing less than about six carbon atoms. At least 0.7 equivalents of amine or 0.2
moles of aminosilane per equivalent of epoxy may be present in the hardener component.

35 Preferred aminosilanes are difunctional silanes ihclu_ding aminopropyltrimethoxysilane
and aminopropyltriethoxysilane. A particularly preferred aminosilane for coating
compositions of the present invention is Union Carbide A1100. A difunctional aminosilane
is desired because such aminosilanes have a reactivity of two, i.e., have only two amine
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particularly preferred aminosilane for chemlcally reslsmnt ?loonng compositions is Dow

20 Coming’s Z6020 (aminoethyl aminopropyl trimethoxy silane). A preferred ﬂoormg

composition comprises in the fange of from two to five percent by weight polyamine or

aminosilane. If the flooring composition comprises an amount of polyamine and aminosilane

outside this range, a flooring composition having inferior weatherability and chemical

resistance will be produced. A particularly preferred flooring composition comprises

25 approximately four percent by weight polyamine and aminosilane.

- Accordingly, a preferred coating composition according to practice of the present
invention may comprise a weight ratio of polysiloxane to amine and/or aminosilane of
approximately two to one. A preferred flooring composition may comprise a weight ratio
of amine and polysiloxane to polyamine and/or aminosilane of approximately three to four.

~30 Addmonally, a preferred coating may comprise a weight ratio-amine of and/or aminosilane
to organooxysilane of approximately three to one. A preferred flooring composition may
comprise a weight ratio of polyamine and/or aminosilane to organooxysilane of
approximately six to one. '
In the modified epoxy based cOating and flooring compositions of the present
35 invention, the proportion of hardener component to resin component can vary over a wide
' fange, regardless of whether the hardener is chosen from the general classes of amines, or -
an aminosilane of the general formula above, or any combination thereof. In general, the
epoxy resin component is cured with sufficient hardener to provide at least from about 0.7
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triet hoxéif a@r%Wn”anWﬁM ﬁ‘g}l "ORRe8 p%lluthne %EI rb%i’lﬁinea%ﬁbw phthalocyanine blue
20 and green, and carbazole violet, and extender pigments including ground and crystalline
silica, barium sulfate, magnesiﬁm silicate, calcium silicate, mica, .micaceous iron oxide,
~ calcium carbonate, zinc powder, aluminum and aluminum silicate, gypsum, feldspar and the
A preferred coating composition comprises up to 50 percent by weight fine particle
25 size aggregate. If a clear coating composition is desired the coating composition may be
prepared without the pigment or aggregate component. Clear coating compositions may be
used as decorative finish coat or as a sealing coat in flooring compositions. If the coating
composition comprises less than about ten percent by weight fine particle size aggregate the
raw material cost is generally too high and the coating composition produced exhibits poor
30 hiding power, i.e., it may not cover in one coat.. If the coating composition comprises
greater than 50 percent by weight fine particle size aggregate the coating composition
- produced is too viscous for application. A particularly preferred coating composmon
comprises approximately 20 percent by weight fine particle size aggregate.
The pigments or aggregates are typically added to the epoxy resin portion of the resin
35 component and dispersed with a Cowles mixer to at least 3 Hegman fineness of grind or
alternatively ball milled or sand milled to the same fineness of grind before addition of
polysiloxane and organooxysilane components. Selection of a fine particle size pigment or
aggregate and dispersion or milling to about 3 Hegman grind allows atomization of mixed
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di finct i embhbdimenhosA Iprefierred fibesingechmpositionecomprises in rths rangecef frame5@ to 90
reactivi bire@ht by'\veight iggreégateCmatdhiil. ! WP @ MBSting composition comprises less than 50
percent by weight aggregate the offsetting raw material cost will be too high and the flooring
composition produced will exhibit poor compressive strength. If the flooring composition
comprises greater than 90 percent by weight aggregate the flooring combosiﬁon produced
20 will be too viscous to permit application. A particularly preferred flooring composmon
comprises approximately 70 percent by weight aggregate material.
The coarse particle size pigment or aggregate component can be mixed with the resin
- component to form a two-package system or packaged as a separate, third component or any
combination thereof. The modified epoxy flooring materials of the present invention are
25 typically applied at 0.06 to 0.50 inches (1.5 to 13 mllhmeters) in thickness using roller,
trowel and screen application methods.
Water is an important ingredient of the present invention and should be present in an
amount sufficient to bring about both the hydrolysis of the organooxysilane and/or the
-polysiloxane and the subsequent condensation of the silanols. The sources of water are
30 mainly atmospheric humidity and adsorbed moisture on the pigment or aggregate material.
- Additional water may be added to accelerate cure depending on ambient conditions, such as
the use of the coating and flooring composition in arid environments. A preferred coating
and flooring composition comprises up to a stoichiometric amount of water to facilitate
hydrolysis. Coating and flooring compositions prepared without added water may not contain
35 the amount of moisture needed for the hydrolysis and condensation reactions, and may
therefore produce a coating and flooring composition having an insufficient degree of
ultraviolet, corrosion and chemical resistance. Coating and flooring compositions comprising
~ greater than about two percent by weight water tend to hydrolyze and polymerize to form an
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o) that reacts with the non-aromati c epoxy, also having a
react [ VI %?Ri% to forma |inear noncross-linked epoxy 1gZ i ng

oD e S el A B PR Ao Sodin

weat her&bnipnsgs approiammmbnbpeﬂwn!(oby)werghd“gmss retention. A preferred 5

oAt 19 coTPRNsired, AP e aiadd'® LRI lenbliBvdth of fvaihg Rabachls,

wei ght ne and/ or. am nosi

|.a
amount GHeR$OECES Of TELTRY arr@u%ergred@npmts Dreseiatcin the epexidagesinnpdyaminen |
hasvlt ng :hafdenen) rthinminighsolveht, Iortotharnﬂgfaamtm: aWdteSingy alkebe'intorpButddl By uﬁﬁg A
artil cu osSiItl Qn C (0).4]
P ot KBbimined of BRdohSEsci vl wifer SRERARL b4 ARAERPIN O ARENE 4 B0k nevein
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conpr i saspamuumy ﬂ@&r&ﬁ%ﬁﬁﬂ%&ﬂ fldbritd’co S;@bsma mwam&ﬁpgﬂp&%&w nt hat |

i ncl ude _al | phat am Lant |1 ne, uene diam ne, :
net hyl ef? Eeﬁsw ﬁﬁsﬁx‘ﬁwﬁmﬁ%ne BieE expseding: ths stoighiometric ampuntis ne |

1710 and ufidésizabler s:mel—bxdeﬂd whtec acBdtoi reddedther surfaoe %ld)ss&fﬂ the cohtirfy GF ifldorin
XUHY350 VN3 10, and XUHY315, Pacific Anchor's 15 Ancam ne 2264, 2280,
.and 216§ from Cardolite | ocated in Newark, New Jersey, Euredur 3265
and 3266 froHPdefays PRIcems by; weighiceatalystimaytbeadded torthe resiy eemponsnt 006989 and

iﬁ?ﬁgsrlleﬁnes ar t@@&hﬁ?xedgﬂéecau Vdr?ir?g malﬁﬁng?fftligg'r&?ﬁm ﬁgsr truﬁ%qnd
havi ng g@B %ﬁﬁéF P-’ég?tsl{“é i’)(sﬁﬁ'rl st inglude PWRine

f ol chedn thel pgmt biustry etg. fzhnngrma:gganmcpmbalt dron,ilsadand g each@ﬁrfhélgoﬁn 6602
(am noepBihted TheRiREHAVEs: il itthEﬁH?ﬁRf%té' ! aﬁ'lﬁ)ab @h%?t%ei%ﬁge fdr g%[ou@gc%yﬁ%t

corrposrhr on corrprrses I'n e ‘range of from i'vé perc

pol yani Haviag thg.genssalifareulal 1 the f1 oori ng conposi tion conprises an anmount
of pol yam ne and am nosil ane outsidg this range, a flooring conposition :
having inferior weatherability and hemi cal resistance will be produced. A:
particularly preferred floori nﬂ%co osrnkhon corrprl ses 25 approximately
f & per cent: by wei ght pol yam osi | ane. ‘Accordingly, a preferred
coating conposition according to prgctice of the present invention may
conprise a weight ratio of polysil ne to am ne and/or am nosil ane of
approxi mately two to one. A preferred flooring conposition may conprise a
wei ght wheteoR5 and R6 are selected from a.group consisting of alkyl, aryl, and alkoxy groups :

having up to eleven carbon atoms, and R7 and RS are selected from the same groups as RS

25 and R6, or from a group consisting of inorganic atoms such as halogens, sulphur or oxygen.

Dibutyl tin dilaurate, dibutyl tin diacetate, organotitanates, sodium acetate, and aliphatic

secondary or tertiary polyamines including propylamine, ethylamino ethanol, triethanolamine,

triethylamine, and methyl diethanol amine may be used:alone or in combination to accelerate

hydrolytic polycondensation of polysﬂoxane and silane. A preferred catalyst is dxbutyl tin

30 dilaurate. : '

Modified epoxy coatings of the present invention are- generally"low in viscosity and

may be spray applied without addition of solvent. However, organic solvents may be added

to improve atomization and application with electrostatic spray equipment or to improve flow

and leveling and appearance when applied by brush, roller, or standard air and airless spray

35 equipment.. Exemplary solvents include esters, ethers, alcohols, ketones, glycols and the

' like. The maximum amount of solvent added to the coating or flooring composition of the

present - invention is limited by government regulation under the Clean Air Act to
approximately 420 grams solvent per liter of the coating or flooring composition.
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airless,

of am ne and pol ysil oxane to pol yam ne and/or am nosil ane of approxi mately
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equi val e

equi val e%ﬂli@bﬂg? © ergﬂﬂdﬁgyﬁfr%éﬁfla (rj@ n@r%é@ gb lﬂpéﬂ esess ¥ ﬂa%r?qgen%
ami ne eqd wERG §econgd, P (SFB" .n%ly@mnem ﬂ'f amingsilapg, y
fl od@i ng cacalysts ot acoeldratreliagehtsyi | | exh| bit a slow cure tinme and have

har dener 2dde3“§‘a°§©¥§@§%bé%¥1§f"‘®x§%eﬁp Silache GGG oo, BRofTpBinsth s

epoxi de dipicelly sunpliediag three package systens am endistursr progf contgiverst i The firso package

\aVi l lreeg'? ;&g?@ (ﬁ% fgﬁgﬁ llgkaﬁ]v ti onisna}‘mré ;&ég‘e ﬁ %}:(? pa ifVE8 The 01
e?rgodlgnerng iass‘ec ﬂe}n RA/0R Amipesi aesﬁlamﬁsoﬁlq catalysty if desiredy

coall$ng CFheareiaiming @deg& is ecdarsesér mivttort ofcdarse ol fineliphitiie sizepigfens ok he

pr esent 'z@%?éé gn are formul ated for application.with conventional air,
SSisted airless and electrostatic spray equi pnent, brush or

rol ler and ar Theepexyipelysidoxane eoatingand:flonringecompositiegofithe peesensiinvention can

gal vani Z'B&a rihrumm&%ﬁfpe&@uree% Phd'Bings WISfrom! $9C2lo sbdcf 'Amemperamres
t hi cknes ran e of 25 m croneters

i1 11 ot dilow AL R Severely rtagied Biweygty 6 fostings and fIoRhE sPRpeRiton of
mat 20 al thppzefsentabirgntnmhha)abe applied uddentmke bt cyrertempératureseto 1502C B200r€sh

While not wishing to be bound by any particular theory, it-is believed that the curing
of the modified epoxy coating and flooring materials of the present invention involves the
simultaneous reaction of an epoxide resin with amine and/or aminosilane hardener to form
a cured epoxy polymer; and hydrolytic poiycondensation of polysiloxane and organooxysilane

25 . to produce alcohol and a polysiloxane polymer. When an aminosilane is utilized to make up
the hardener component, the amine moiety of the aminosilane undergoes the epoxy-amine
addition reaction and the silane moiety of the aminosilane undergoes hydrolytic
polycondensation. In their cured form, the modified epoxy coating and flooring materials
of the present invention exist as linear epoxy-modified polysﬂoxane which have substantial

30 advantages over conventional epoxy systems.

In a preferred coating composition, the aromatic epoxy rein reacts with the difunctional
aminosilane to form a linear epoxy polymer that combines with the polysiloxane to form an
epoxy-modified polysiloxane coating via in situ formation of a linear cycloaliphatic/aliphatic
epoxide polymer with pendant alkoxy silane groups.

35 The isolated reaction of epoxide resin and polyamine, to form cured epoxy is believed
to be as follows: |
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U S. sieve size, and is selected fromorganic and inorganic color pignments
whi ch may include titanium dioxide, carbon black, |anpblack, zinc oxide, :
natural X¥Q91610%hetic red, yellow, brown and bl ack iron oxPOFaISI¥LIse? di ne
and benzi di ne yell ow, phthal ocyani ne blue 20. and green, and carbazole !
vidlet, and extender pi gnent s |nclud|ng ground and crystalline silica, f
barlunlsulfate magnesi ung s C te, mca, mcaceous - iron.
oxi de, caIC|un10arbonateqth%% S?Gd Eﬁpﬁﬁhfgiﬂ_aTunanWISlIlcate o
gypsum feldspar and the |ike. ferred coating conposition conprises up
to 50 percent by weight fine partlcle 25 size aggregate. If a clear :
coating conposition is desired the coati.ng conposition nmay be prepared
wi thout the pignent or aggregate conponent. O ear coatlng conposi tions nay|
be used as decorative finish coat RO:CRS-CHSER NBURN, f)ytyl n flooring |
conpositions. If the coating COﬂDOgltl%q conpfises | &s than about ten |
percent by weight fine particle size agggggate the raw material cost is
general ly too high and the coating conp05|t|on produced exhibits poor 30
hi ding power, i.e., it may not cover in one coat. If the coatlng ' o
COMOS! ITHY NeANEArY SRIndnfitoBens A7 2B rBRE SERndie; el ONC Tine particle size
aggregate the coating co Itio proéuce 00 viscous for application.
A particularly preferred coating conposition conprises approximtely 20 !
percent by weight fine particle size aggregate. The pignents or aggregates:

are typically added to the epoxy resin portion of-the resin 35 conponent
and di spersed with a C&\éﬂ atp L ﬁgneness of grind or
alternatively ball o’r ﬁang I I ed {0 | ness of grind
bei®re addition of poI ysi | oxa nd organ yS| I ane conponents. Sel ection
of a fine particle size pi grrent or aggreg and dispersion or mlling to
about 3 Hegman grind allows atom zation of mxed -12- WD 96/ 16109

PCT/ US95/ 11827 1 resin and cure conponents wi'th conventional air,

air-assisted airless, airhepscmdCHeOH 9L @nNm grray equi pnent and
provi des a snoot h, unlform rfdcg appearjance after application. In the

ot her enbodi nent of the present i wntl orcHt Hcr@(yf_ked epoxi es are l
f 020rul at ed .
OH

Hydrolytic polycondensation reactions of organbox_ysil_anes and polysiloxanes of the
present invention are believed to occur in a stepwise fashion. The first reaction is hydrolysis
of organooxysilane e.g., trialkoxysilane or methoxy functional polysiloxane, in the presence

of water and catalyst to fprm the corresponding silanols with liberation of alcohol as
 illustrated in Reaction 1. | |
30
35



as flooring materials or surfacers and the pignent or aggregate conprise a
m xture of coarse 5 and fine particle sizes. At |east fromabout 85
percent tWOR0%5 percent of the pigment or aggregate co S/pAg27

bet ween 10 and 200 nesh U.S. sieve size (coarse) and from about 5 to about
15 percent is greater than 325 neshissé& size (fine).. A range or

m xture of aggyagolgsiiszef iorgarsbiysilaieve. arkrpiatkbkebtnaneand
optim zes the amount of |ow cost aggregate used to produce. the conposition.
The fine sized aggregate particles 10 can be thought of as filling in
the spatial voids between th3Hgdarse sized aggregate. The integration of
fine and coarse sRzr8d-d@F)ggate—tretpRSid QHipgr dv@XOHe conpressive strength
of the flooring material. Preferred coarse aggregates are al um num oxi de,
garnet, pumce and silica sand. Preferred fine particle size aggregates

i ncl udes those previously descri %r the first 15 enbodi ment. A
preferred flooring conposition conprises in the range of from50 to 90

percent by wej Is i : f i osition conprises
| ess than 50 gg?%gﬁi%g&%g %ef&ﬁogjgﬁe%]na%%léﬁl o#‘?%é%??cﬁﬁggggw mat eri al cost
w | jgbe too high and the flooring conposition produced will exhibit poor
conpressive strenggh. If thg flooring conposition conprises greater than 90
percent by wei ght pggregatelthe flootting conp@si,bi on produced 20 will be
t oo viscous ¢Hy persil t- appt isiat+ an. - ASpar t CRY weferred flooring
conposition conprifes approkimately 70 percent by wei ght aggregate

materi al . The coar@® parti cP¥ size pP¥nent or aggregate conponent can be

m xed with the resin conponent to forma two-package system or packaged as
a sgparate, third conmponent_or any conbination thereof. The nodified epoxy
flooring materi al sl,‘of t he ;ﬁesent i_rﬁlenti on are 25 . typically applied at
0.06 to 0.50.,inch 1.5tad,13 mlliketer i i.ckness using roller,
trowel and s 3ee-nes§'p§)_l ié(::)a'f"i%oh -mr§ hodgt W@%S -PS:E i nportant ingredient of
the present inventhen and fpul d be fresent in an anount sufficient to

bri ng about both'the hydrolysis of the organooxysilane and/or the

pol ysi | oxane and the subsequent condensation of the silanols. The sources

of wtter are Jfe setceﬁti rtthaeti@hlnmghgsitﬁewﬁul'a&sftano@r& ﬂ%sgmmdd pRodiiced €b|y0|thd he
pi gnent qr .aggr. e material i i onal water . added 10 accelerate
ure” depdiargHs 4% retonty i -nf ety ioRene T hridlRifBint R alidal it

f | oor i ng polysgloxane;, ¢o fonm pelysilexane andwaters. A preferred coating and flooring
conposition conprises up to a stoi chigytiidf Amount of -water to facilitate

Silanol Condensation

25
R R R
{ ] ]
1 . ] i
3 RSi (0H)3 » HO - 8i - 0 - 8i - 0 - Si- OH + 2H20
. P H !
30 - OH OH . ’ OH

Both reaction rates are strongly pH dependent, but under optimum ' conditions
hydrolysis and condensation begin to occur within minutes. * The same factors which
accelerate hydrolysis of alkoxysilanes and ‘condensation of silanols also accelerate

- condensation of silanol and their alkoxysilane and methoxy functional polysiloxane

35 precursors. The overall pathway for the hydrolysis and full condensation of organooxysilane

 and polysiloxane is complicated.  Presented in Figure 1 is a model for trialkoxysilane

hydrolysis and condensation reproduéed, from the Hiils Corporation Silicon Compounds
Register and Review. ' :
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hydrol ysis. Coating and flooring conpositions pr epar ed without added water
may not 5 t he anobunt of noisture needed for th S and
condensam%ﬂrﬂgti ons, and may therefore produce a coati ng"ﬂ%gw lﬁ@rl ng ;
cofqposi tion having an insufficient ﬁgr ee 3f ultraviolet, corrosion and ;
chem cal resistance. Coating and fl mposi tions conprising greater
than about two percent by vwgighbrypaigr Lend to hvdroLyze and pol ymerd ze to
forman -13- WD 96/ 16109
PCT/ US95/ 11827 1 undesirabl e gel before application. A parthcularly
preferred coating and fl ooring conposition conprises approxi nately one
peﬁcent by Rei ght water. Rf desired, watRr nmay be addedrto either the i
epoxi de resj n or pol yam ng hardener. O hé¢r sources of wdter may include i
I
|
I

trace arRRAmSL-QResem RQ-Sia'eon'mn-de R@sBﬁ-OHoi—y&mnHO&Sl-omar denem

t hi nni ng sol vent, or ot het i ngredi ents. Water may al so Be incor porated by
usi ng keti es or al cohoPHsol vent - wat er OHi xt ures as deS8ribed in U B. Pat .
No. 4,250,074 herein incqrporated by reference. Regardl ess of its source,
the total amoynt of waterj contained in particylarly pteferred coa® ng and
f1 8dri ng conpodtion shoy d be thg stoichiometri anmount needed to |
facilitate the drolysis reaction, Water exceedi hg t he' st oi chi onet

amount is 10 undesiragl e since excesg water acts tog educe the s%rface :
gl oss of the coating or floorl ng corrposntl on. Up to four percent by weight :
catal yst may be addmb-t-s)l-t-dysj,ées.l_n.n@.ngpnggigo.t_asngnséabgﬁgl y sepaiate '
conponent to speed dryinp and curing of{the nodified epoxy coating and
flooring materials of theRpresent i nvenoiion. Usef ul cabHl ysts incluge neta
dri2rs well known 15 in the pRint industry ¥.g. zinc, manganese, cobalt, h
iron, lead and tin each in the f%rm of gct oat e§, neodefanat es and O

napht hanates. Suitable catal ysts\jnclutle organbtl n catal ysts having the °
general formula [err] where R5 and\R6 a¥e selectdd from a group con®isting:

of al kyl, aryl, .and al koxy groups havi up to el dven ﬁarbon at ons, and R7 .
and R8 are selected fromthe sane groupl as R5 ,
: 1
6R 6sis
\
\
\
\ v
- R
25 . l
' ssio-ei-osis v
[
OSi=

The silanols generated from hydrolysis of alkoxysilane may also condense with
hydroxyl groups available on the surface of siliceous pigments or aggregates such as ground

30 glass, quartz and silica. The same silanols may also condense with the hydroxyl groups
. formed from reaction of epoxide resin and polyamine. -

Ulnmately, the chemical and physical properties of the epoxy polysiloxane coating and

flooring materials of the present invention are affected by jﬁdici_ous choice of epoxy resin,

35 organooxysilane, polysiloxane, polyamine or aminosilane hardener and pigment or aggregate

components as well as the relative rates of reaction of epoxy resin w1th hardener and
hydrolytic polycondensation of organooxysxlane and polysiloxane.

The coating composition prepared by combining a difunctional aminosilane w1th anon-
aromatic epoxy resin displays improved resistance to caustic, is weatherable, allows infinite
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25 and R6, or froma group consisting of inorganic atons such as

hal ogens, sul phur or oxygen. Dibutyl tin dilaurate, dibutyl tin diacetate,

or ganot i t Wesa66109sodi um acet ate, and al i phatic secondary or PCEfOSPS11$27

pol yam nes incl udi ng propyl am ne, ethyl am no ethanol, triethanol am ne,

t ri bt hyl aedoatabilityprovides| abgasiorh sesistanegibetienthantz polyurethaner(which isncompletely

combi nat | € silghthing| Pblym 'aylaoegﬁtys 'ﬂaexef hiVe YérribRX AbPasioi

~silane. KB@; e%é@rig e?gt al gstﬂlhs g?lguteﬁ) tin 30 ‘iidll_ aurate. Mdified epoxy
coati ngs T@ﬂls‘%ﬂ‘r'é)-pr esent invention are generally lowin viscosity and may be

Sg(rjaé appl i edThé tdoating amdi flooring fcontpositions dfoviey presentr frventiors cire ecapableagf be

a to_iynprove at i . ' ' ' t ko, h&S

e prien@BPVRE cofsrak 65 8 an ibiPReBAshaR s i 6 g 05 e,

brush, rsbinempplicationsiofthe ¢oating orflpasingicomposiion pf #® preseat;inveniion mayaehigNear y
sol vents ﬁ@&éﬂé em%sa@rfn? a B4KIRE Procdss AhRimperdt@ed ABS0 130YCaAbR008d, t he | i ke.

The maxi nu unt of | vent "added .t.o-the_ coating or flooring conposition
of the pr esenﬁtg? ﬁﬂ’/aé%‘tgi%a ﬁ/@fﬁﬂsr?f’{"é’as'%‘y"mﬁ@fﬁm{‘ m E‘)’Eﬂc’é'ﬁxglfplgr?&e “ERE .
d ean Al mndGtrprisingpimpravemdnt iy ciéifical coreosion anghwegtheridg tesistante ahiwel @athigiy

or oor i Qo N V. : :

PCT. ; %SQS/%E%?@E%EV%%%%%%@r@%@gﬁ ﬁﬁaaar?g af_bf%scl)?rnl ﬁegs‘s?é’ rcf%osi tion of
the present i kheseanshothay featires o thepresentciayerfionawilkbecame more Spparent- upQY s,
ang i f Oahmclﬁtﬁ_ﬁﬂélﬁtict)ﬁ of ﬂﬁtfbmﬁg%ﬁlﬂitﬂ Fes. meaef&at tramg_taf fdiﬁt tﬁ)ln_diirt]ltieliii'gfﬁdliﬁus

and asphaltic enders, antisettli agent s iluents,. | . g

Stabi | | zdised n Examp eé&s@%f@@rﬁ-st‘%ﬁaaﬂF ¢ thg 1ngwaients,used are Pombined ip the,
and f| oorprogpriions describgxbby twelghtrm\gramspri se up to about ten percent by

wei gt such nodifiers and agents. The epoxy polysiloxane coating

conposi tion of the present invention is supplied as a two package systemin
noi sture proof containers. One packag@éééﬁ-t-'-ﬁi ns the epoxide resin,

pol ysi | oxane, ol nooxysiIaBe and_pi.gnent or aggregate conponent, additives
and sol V&Rﬂs—%&& red. The—%&?g&%&age contai ns pol yam ne and/ or

am nosi I indgpptional Iy 1897 GaLHY Hel i, Fefehitr ali agents. The
epoxy pol Peyed | 00ri NngghbiFUuEl rSUIRPSiEg Ofdf=1 pr esent

I Vet | OlEddnex 1513 Shell epoxy resin. Eq. Wt.=230
Epalloy 8250 cve epoxy resin. Eg. Wt.=170 '
Epodil 757 Pacific Anchor cyclohexanedimethanol
diglycidyl ether :
Aroflint 607 Reichold epoxide resin
A-163 Carbide methyl trimethoxysilane _
DC-3074 : Dow Corning methoxy functional polysiloxane
25 A-1100 Carbide aminopropyl trimethoxysilane
¥-9632 Carbide proprietary aminosilane o
Z6020 Dow Corning aminoethyl aminopropyl trimethoxy
silane '
ED-117 Wacker proprietary aminosilane
Euredur 3265 Schering Berlin polyamine Egq. Wt.=400
Ancamine 1942 Pacific Anchor polyamine Egq. Wt.= 70
DCH-99% '~ Dupont diaminocyclohexane
30 Araldite R972 Ciba Geigy methylene bis dianiline Eg. Wt.=48
Nuosperse 657 Pigment wetting agent
Tioxide RTC 60 Titanium dioxide
F-75 _ 40 mesh silica sand
Crystal Silica #70 70 mesh silica sand
Silcosil 325 U.S. Silica silica flour
Dislon 6500 King Industries thixotrope
35 BYK 080 BYK~Chemie defoamer
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typically supplied as three package systenms in noisture proof containers.

The first ackoge cont ai ns epoxi de resin, polysiloxane, Eﬁﬂﬁgﬁﬁﬁ ane,

coI or pi nd additives. The second package contains and/or'

n03| catalysts if desired. 15 The renai ni ng packag
#@&mﬁnﬁﬁgﬁg‘?ﬂ@arse and fine particle size pignments or

: aggregat es. E]Ehmpbpok)&hmghs«tldexmhe theapirepgration 6f de résin componerti amd die t he_ )

presen :

From- wﬁ‘ﬁ?@wgﬁf@ﬁ%&?&% kel mAERaCer e pERIEI e d wErr BOBRE

r et ar depUTPossie IBreach iexample; itheytypesiand peaponionsfpisgrediests used2to make wethe

SGSentrekxﬁ%ﬂtzﬂo eﬁiﬂﬂeﬁ@a&pﬂi hty vafeer pb ﬁmﬁrofcéti:ﬁ r&ﬁmaﬁﬂ @tﬁﬂlﬂtdt& ‘;

1

150[err Ct é"ﬁ %’(‘_}P{eﬁéi}' e n(f)'}t?&}vgdﬁgﬂgg"?ﬂ%u qqeéaoépgg%lt,par uI ar \

0
t heory, "F?“P%
f 1 oor i rig different pdoporions hes}mmxm'rable]ﬂe rBach resulting coating leompbsitibn amsmested

t form
;egﬁrle r%&iﬁgﬁ%ﬁ%&ﬁ@nﬁ%& m}ybdl ﬁ@ﬁo@%ﬁ%‘ema@% of p%sﬁ%xah@ aﬁ{j

0
or ganodﬂ'& bi&de 25 to pr oduce al cohol - and a: pol ysi | oxane pol yner. Wen .
anpani nosilane is utilized to nake up the hardener conmponent, t he am ne :
noi ety of the aninosilane undergo?,ékm-ﬂgé) Xy-am ne addition reaction and -
the silane noiety of the am nosil goes hydrolglt i ¢ pol ycondensati on;

In their cudetesitoand pigmentbiindi was prepared hiyacombiningi33] gramsnof Eporexi K13 of
the pr etgg&hdé PasH)! Sogia:% c?‘ftN&t% 87 (ﬁigﬂiéht Westirlg £5& neobygxhh@@mnsah

have su

pref er r(éﬁ 3% aI %eéﬁp%?m 8%/{%0(\“ onven,t I ¥ aI é“ﬁoi%aé%@ TW‘

dlrllﬁ uncltR'DGG!D (Mmusdlbaidef ).t G‘hé dmgredleiws Iweare addw(tp apoﬂwq&art tdmandedispersedston t f‘
t S t t

For et 1 e fidd Hnchéss Y SR uFRE AN fiofdr ouRied EouRealiSedie: Ty tpdhuidd 51
al koxy abonk2Q; mjpeapaftesivhich tlme 25rmms9‘b11§3 émm@g@xysﬂwsfanéﬁazumms ¢¥M and

pol yani3pg4 (pelysiéxine) wefk SdddYandsthe @bimbiRd mixthe vags theh Is@red umdib uniforny¥O

?,g/wl Séggbelw?blend had a Brookfield viscosity of approximately 10 000 cP at 70°F (20°C) and

20 a calculated equivalent weight of 315 grams per equlva]ent

EXAMPLE2 |
A resin and pigment blend was prepared by combining 390 grams of Epodil 757
(epoxide resin), 5 grams of Nuosperise 657 (pigment Wettihg agent), 5 grams of BYK 080
25 (antifoam agent), 10 grams of Dislon 6500 (thixotropic agent) and 338 grams d_f Tioxide
RTC 60 (titanium dioxide). The ingredients were added to é_ one quart can and dispersed to
5 Hegman fineness of grind using an air-motor powered Cowles dissolver. This required |
about 20 minutes, after which 10 grams A-163 (trimethyoxysilane) and 432 grams DC-3074
(polysiloxane) were added and the combined mixture was stirred until uniform. The resin
30 blend had a Brookfield v1scosxty of approximately 3 800 cP at 70°F (20°C) and a calculated
equivalent weight of 265 grams per equivalent.

EXAMPLE 3
The same ingredients and procedure used to prepare the resin and pigment blend of
35 Example 1 was used, except that 356 grams of Aroflint 607 (epoxide resin) were used instead
of 385 grams of Eponex 1513 (epoxide resin). The resin blend had a Brookfield viscosity
of approximately 6,800 cP at 70°F (20°C) and a calculated equivalent weight of 338 grams
per equivalent.



1 [err] 10 The secondary ani ne hydrogens may al so react as foll ows:
~[err] [err] Hydrolytic polycondensation. reactions of organooxysilanes. and
pol ysi | oxWe26/1610% he present invention are believed to occuP %‘P%"pvm se
fashion. The first reaction is r ol SIS of or anooxysHane e.g.,

trilal koxysil ane or met hoxy fu&@%&’ 'in the presence of

wat er and Catﬁ'ﬁeﬁitn Iuiﬁ Wmﬂmﬁe@d)wassmgzﬁs Q))Slcbﬂlbﬁh vmrgfaniseoﬁapom 828

bt Usosfepoms TRenE § s P ACbRs 657 WiEgient Heying a0y S SHME of BYK 080

Tri al kox ymtﬂfmngeger}t),almgmnsrgfdbmlqmﬁmmbmy agemb andd3B gramg/ef Tioxidee

10

t heﬁcondg r?sc a k‘lheoxé anolFe] lr%?%dé%nctseév eBe a{{lﬁ % dro df“(arulksﬁe‘ﬁdvﬁs
or ganooxJess |tbame5 diﬁgw §g¢ness< gf grind aising; arammgx pawerfénfaoweﬁ lissolvgFrc (Fhsnal
pol ysi | oxdR@ire twhas thiriHed Gitls 1100 %aaMs T0xyiehe to Refre ivastositybiahd thén mixed until

Condensat; I%orm The resin blend had a Brookfield viscosity of approximately 12,000 cP at 70°F
(20°C) and the calculated equivalent weight was 313 grams per equivalent.
10 Three hundred grams of the resin blend of Example 1 was mixed with 48 grams of
' Union Carbide A-1100 (aminopropyl trimethoxysilane) and 20 grams of butyl acetate (organic
solvent). The mixture was then spray applied to sandblasted steel test panels using a
- DeVilbiss air-atomizing spray gun. The epoxy polysiloxane coating dried to touch in less
than one hour and was dry through in about eight hours. The coating composition displayed
15 initial 60° gloss of 90.
The resin blends of Examples 1,2and 3 and Comparison Example 4 were rmxed with
the hardeners and solvents shown in Table 3 and applied to test panels in a similar manner.
The epoxy polysiloxane coating composition prepared according to Table 3 were tested
- for curing time, weathering resistance, corrosion resistance and chemical resistance according
20 to the following ASTM and industry test methods: |
1. ASTM G353, sometimes called QUV accelerated weathering, is an accelerated test
intended to simulate the deterioration of coatings caused by sunlight and water as rain
or dew. Test panels are exposed to alternating ultraviolet light and condensing
humidity cycles. Degradation is measured by loss of gloss or rusting and blistering

25 of the coating. :

2. ASTM B117 measures the corrosion resistance of coated panels exposed to salt spray
(fog) under prescribed conditions. Panels are checked periodically and rated for
blistering and rusting according to ASTM D1654. The rating test method uses a 1 to
10 scale with 10 indicating no change. :

30 3. Chemical Resistance, Union Carbide Method C117, measures the resistance of
coatings to ten different reagents. One milliliter of each reagent is placed on the test
coating and covered with a watch glass. After 24 hours, the reagents are removed and
any change is rated on a scale of 1 to 10 with 10 indicating no change, 8 indicating

. some change, 6 indicating major change, 4 indicating partial failure and 2 indicating

35 ~ complete failure. : :

' Gloss retention in QUV accelerated weathering, salt fog testing and chemical spot tests -
clearly show that epoxy. polysiloxane coatings compositions of the present invention have
- improved chemical, corrosion and weathering resistance compared to conventional epoxy

21-



25 [err] 30 Both reaction rates are strongly pH dependent, but under

opti mum condi tions hydrolysis and condensation begin to occur within

m nut es. Wh®%/84¥% factors which accel erate hydrolysis of aPEDUSENIINTes and'
condensation of silanols also accel erate condensation of silanol and their |
al koxysicpatings cempesitinnscy f uncti onal pol ysi | oxane 35 precursors. The ’
overall pathway for the hydrolysis and full condensation of organooxysil ane
and polysiloxane is conplicated. Preagpggd in Figure 1 is a nodel for )
tri al koxpaTiNG eoMPosITIONi S and condensation reproduced fromthe Huls- . :
Corporation Silicon Conpounds Redi ster and Rewdighv¢gramty- WO 96/ 16109 |
PG USO5ER4biple/l Fi gure 1 HYDBWOLYSI 300 er r BooThe 30d anol-s generated.from :
hydr ol yEramplgf2 g| koxysi | ane- may atso condense-with Bowir oxyl groups avail abl %
- on the Emupleck of siliceous pignments or aggregates-such @90 ground 30 ;

gl ass, parisonFxgmple i ca. The same silanols may al so condens@0ith the
hydroxy : f f or med fro eac?q on ofo epox?@ie reslﬁn an@O%pol #am ne. :
U timat

t he chemi cal a phy$A§aI properfies of7®Phe époxy pol ysil oxane:
coati ngyapg, f | ooring mat erials o g sent' i nventi on zig& affect ed by ;
j Ul Ci OpeyCdag ce of epoxy resin, _0rganooxysi F@ pol ysi I'oXan pol yam ne |
or am ngg ﬁ@@zshardener and pi gment or _aggrega e conponent s ﬁss vveII as the
relative rates of reaction of epoxy resin with hardener and hydrol ytic

pol ycondensati on of organooxysil ane and pol ysi| oxane. The coati ng

conposi tion prepared by combining a difunctional amnosiTane Wth a non-
aronat i TeseReuls r esi n di spl ays i rrproved resi stance to caustic, is

117

weat herable, allows infinite ' '
15 Dry film thickness {mm) 6 6 6 6 6 6 6 . . ‘
- Dry to touch (hours) 1 1 1.2 1.5 1.5 1 1.5 i
Dry through (hours) 8 6 10 16 - 16 12 20
QUYV Accelerated Weathering : . _ L
60° gloss -initial 90 91 90 8 75 2 65
-1 day - . ) | 91 : 65 - . - 3
-7 days . 52 9% 66 48 58 13 1
-21 days - .15 36 - - - -
20 Salt Fog - (1000 hours) :
-blistering 10 10 - - - - 10
-rusting 10 10 - - - . - 8
Chemical Resistance : - : o o
~-NaOH (50%) 10 10 - - - - 10
-HCl (conc.) 10 10 - - - - 8
-H,S0,(conc.) 10 10 - - . - 4
25 -phenol 8 8 - - . - 4
'H3PO4(COIIC.) 1 0 . 10 - - - - 6 '
-NH,OH : 10 10 - - - - 10 f
-ethanol 10 10 - - - - 10 :
-acetic acid(conc.) 8 8 - - - - 4
-cumene 10 10 - - - - 10 -
-acetone 10 10 - - - - 10

30 EXAMPLES 5 THROUGH 9
Examples 5 through 9 describe the preparation of the epoxy polysiloxane composition
- of the present invention as used for flooring or surfacer purposes. The flooring compositions
are prepared using the ingredients and in the proportion in grams as shown in Table 4. Each
flooring composition was prepared by adding the ingredients to a 1 quart can and mixing
35 with a Jiffy mixer until uniform. Each flooring composition was trowel applied at one eighth
inch thickness onto 4" x 12" x 1/8" sandblasted steel panels for chemical spot tests and
impact testing. Tensile, flexural and compressive strength specimens were cast into the
corresponding ASTM molds. Testing was conducted after 7 days cure at 70°F (20°C) and
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recoat abi L vi des abr asi on resi éta_nce b__etter' than a p .
(which i s%‘g&*‘g@gl y unpredi ctabl e because sil oxane pol ymr%ﬁ%’%@% _
pol ymers have terribl e..abrasi on resistance). The coati and fl oori .
Corbos: & 500 Tetve dupRaE - CheTtich Festatice Vs, fasfed Bing B 855e, Uih Cobide
conpl et e Methed €11an Direlot npact,ompressivee tensitgjandofieXuralrstrefif thrwisQested tsipg the| C.

However , fmpgg@j-ﬂa{e& thBds:t he coating or flooring conposition of the
present inventrfon nay achieve conplete cure during a baking process at

t enper at dr es AFTM Gl¥odesermines: thexperey: required e rupsure & suriaeer for dlaoring system
conposi ti O?S_ &id ishemeagize of its ABRNY it@ﬂvim%ﬁ'{lbixﬁ&hﬁ*ﬂcﬂwtiﬁ%eﬁi&.sur prisi nﬁ
i mprovengnt in conrQsion, a hering resistance as SedAli
10" Yeneri e ASTREGH LGRS Sherh RRTiFE VO Cotoetye et ASThe fod ©
resi stance. THiexerahStrengtheare testst for aneasiring) degree of ctrel, doadnbeaving wiapabilitycamde

. t ' ' -t ' . Tahl
> for " desor AR iess 88 fhe, Hiofitar OF clitking bl SrhRER1G° chetteltly g8t ©

each exanpl e, MOKATS, g5PuLs aRd monglithic s¥r€aceBhi ned in the proportions

destyi bed by weight in granms. 15 Table 2 Inaredient Description
Epon 828 Shel | epoxy resin. %&E\/X =190 Epon -DPL862 Shel |
epoxy resin. Eq. W.=165 20 Eponex ﬂi Shel | epoxy resin. Eq.

W . =230 ﬂ@d%%é?éghpos%%éyc epoxy resin. Egq. W.=170 Epodil 757

Pacific anedi net hanol diglycidyl ether Aroflint 607
. Rei chol d epoxide resin A-163 Weight rn;g')de nmet hyl tri met hoxysil ane
DC- 3074 ' Dow Cor ni ng et hoxy functional polysil oxane '
S Example _ .S 6 6A 7 8 9
Epalloy 8250 - 81.0 - - - - -
Epon 828 ' - 81.0 81.0 - 100 100
Epon DPL 862 - - - 81.0 - -
~DC3074 15.0 15.0 15.0 15.0 - -
A-163 4.0 4.0 4.0 4.0 - -
Z6020 27.0 23.0 23.0 T - -
20 Euredur 3265 ' - - - L - -
Ancamine 1942 - - - 24.0 25.8 -
Araldite R972 - - - - - 21.3
BYK 080 20 2.0 2.0 2.0 2.0 2.0
F-75 Sand 336.0 336.0 336.0 336.0 336.0 336.0
Crystal Silica #70 84.0 -84.0 84.0 84.0 840 840
Silcosil 325 30.0 '30.0 30.0 30.0 30.0 30.0
25
Mechanical Test Results
Example S 6 6A 7 8 9 .
Direct Impact ' ' . ' :
200 in lbs Pass . - - Pass Fail Fail
30 Compressive _
Strength (psi) 18,540 - - - 11,200 7,000
Tensile S
Strength (psi) 3,400 - - - 2,900 2,300
Flexural ' ' '

Strength (psi) 5,500 - - - 5300 3,400

35



25 A-1100 Car bi de am nopropyl trimet hokysi | ane Y-9632
Car bi de &r fefo?" Y am nosi | ane Z26020: Dow Cor ni Elﬁ am noet hyl |
am noprop;’f {I’I met hoxy sil ane ED 117 & i Wacker pr i

nosi herl ng Berlin polyam ne Eq. W. —400 | ,
Annicam n@%’ﬁg%gﬂ%ﬁac 15}08"5\% poI yami ne Eq. W.= 70 DCH 99% ‘

Dupont gk%ggocycl ohexane 30 ; Ar al dgte R%AZ : C| ba gei gy thyl ene bi S :

di ani | i RgoHY50 =438 Nuosperw 657 10 PT{HTETt vmttl Mg goet 4l oxi de RTC
60 THCR(CHtie)di oxide F-75 19 %) nmeshygsi || caGSand yst al

Silica #90, (ConcjO nesh siligg sandl(ﬁllcom 325 10 UgS. Sigica silica |
f13our Dpédnoﬁ( 650(3) Ki ngo! ndustg.ies thy xotroge BYK 80 8

BYK- CheHi;ROglComasyer - 19- Y@ 96/ 16009 4 10 8

PCT/ USO&getoh827 1 EXAMPLE®0 1 THRIUGH 4 Exarrpl a9 1 thrgugh 4odescr| be t he

- prepar aNHgRH{Conéi2 resin conmp®nent ¥hd t hel0conbi ndti on a6 t he1pi gnment or
aggrega?@%terl al of the pré%ent i Hventi o as ud@d for 1@oati #@ pur poses.
I n eacha@Q%ﬁﬁ1 e, the types al proposrtlons dof miﬂedl enté used0to nmake up
the 5 CSUMEEsin and pignent B¥end at® siigtiy vadPied. Alportd®n of each
rddi n and pignent blend as prepared in each exarrpl e is then conbined with &

n and ]
(' Tabi o 3. AP SEERR GO ERIIER ot oy £ bl Bl P ddklors

weat her MRlpchlas isieves ks, 24-bours and Ahe pigmentiaggregate blendrivasheatest fort4hbaurniat
shown i n10kEDarkd dllowed to cool overnight in a desiccator at 20°C and 0% humidity before use.

The dried epoxy resin, polysiloxane, organooxysilane, defoamer, aminosilane and dried

15 pigment/aggregate blend were mixed for two minutes using a Jiffy mixer and troweled onto ‘

a steel panel. The coated panel was then placed in a desiccator at 200C and 0% relative
humidity and allowed to cure. After 36 hours, EXample 6A was tacky compared to Example
6 which was dry hard. After 7 days at 20°C and 0% RH, the chemical resistance of
Example 6A was not as good as the chemical resistance of Example 6. Thls illustrates the
20 importance of water in the epoxy polysiloxanes of the present invention.
The compressive strength specimens of Examples 5 and 6 and comparative Examples
8 and 9 were immersed for 7 days in 50% sodium hydroxide, 98% sulfuric acid and methyl
“ethyl ketone. The specimens were removed from the test fluid, rinsed with water and
allowed to dry for 48 hours. before measuring compressive strength. Examples 5 and 6
25 retained greater than 92% of their initial compressive strength in all three test fluids.
Comparative Example 8 retained greater than 90% of its initial compressive strength in 50%
- sodium hydroxide, however, the specimens were completely degraded in 98% sulfuric acid
- or MEK. Comparative Example 9 had percent retention of initial compressive strength of
92% and 80% in 50% sodium hydroxide and MEK, respectively, however the speclmens in
30 98% sulfuric acid were completely degraded.
Examples 5 through 9 clearly show that surfacer and ﬂoormg composmons of the
‘present invention have improved chemical resistance, higher compressive strength and hlgher
impact resistance compared to conventional epoxy resin based materials. :
Although the present invention has been described with considerable detail with
35 reference to certain preferred variations thereof, other variations are possible. Therefore,
" the spirit and scope of the appended claims should not be limited to the preferred variations
described herein.
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10 EXAMPLE 1 A resin and ptgrrent .bl'end wa$ prepared by conbi ning 385 grans
of Eponex 1513 (epoxide resin), 5 gr 57 (pi E_Swnt vvettl ng
agent), SWE6109f BYK 080 {antifoam| pf Di &

(thixotropic agent) and 338 grams of Ti oxi 50 (titanium

di dxi de) ts were added to a one quart——tan and dispersed to 5
Hegman finenegs OfA filllyesd reﬁdﬁqmwpaietra {if AEtwRPKEFTXS - rﬁewﬁeapdlysm&anecoaﬁﬂgl s
requi red about .20 antjyz after which tine 25 grans A-163

(tri met he9RIRPSiton prepated c‘ﬂ?‘?}ﬁé‘gDC- 3074 (pol ysiloxane) were added ‘and the

combi ned m xtwater;was then stirred until uniform The resin blend had a

Br kfield vi .er 10,000 cP at 70[err]F (20[err]C) and
%0 a cal cuf%gg"d&éaﬁéva %@5 HH ht of 315 granms per equival ent. EXAMPLE 2

A resin and pi grrerilt nen-aramaticse resin havingnpiors 00e gl 21PPO%Y EEONRS; Per757
(epoxi de resipbleciiedWitiEn @] ﬁu@%@ﬂwmﬁt Weight i teRahgaef Eiohd 100 &6 about 500 ans

of BYK 080 25 anti f.noa 1 ns - of D|slon 6500 (thixotropic
agent) and 338 grz(ilnléotl P %%(ﬁ%yéngﬁlf %’G%Pf 4 t ani um di oxi de). The ingredients
were added to-a one quart can and dispersed to 5 Hegman fineness_of grind

usi an air-notor powered Cow es dissglver. This required about 20
m nutes, after which 10 grans A-163 (t get hyaxysi | ane) and laced
DC- 3074 (pol ysil oxane) were added and th i ned m xture. ﬂm

until uniform The resin 30 lgnd?
approximately 3,800 cP at 70[err]R (Z0]
wei ght of 265 grams per equival ent. LE 3 [The sane ingredients and
procedure used to prepare the resin an i gne bl end of 35 Exanple 1
wasygised, except that 356 granms of Arofll gpt 607 (epoxi de resin) were used
ins% ead of 385 grams of Eponex 1513 (epoxide r&sin). The resin blend had a
Brookfield viscosity of approximately 6,800 cP at 70[err]F (20[err]C) and a

s eq%gl%l &idh R"st%fecféﬁ froth th Ef&p%ﬁsﬁﬁ’dﬂ YP{neHydrox3Cgroup and alkyl,
aryl and alkoxy groups having up to six carbon atoms, each R, is selected from the
group consisting of hydrogen and alkyl and aryl groups having up to six carbon atoms

20 and, wherein n is selected so that the molecular weight for the polysiloxane is in the
range of from 400 to 2,000; and
an organooxysilane having the formula

dSz _g? field viscos

err] d-a cal cul ated equi val ent

25 _ ' OR,

I
R~Si —OR,
OR,
30

where Rg is selected from the group consisting of aryl, alkyl, and cycloalkyl groups

containing up to six carbon atoms and where R is independently selected from the

group consisting of alkyl, hydroxyalkyl, alkoxyalkyl and hydroxyalkoxyalkyl groups
containing up to six carbon atoms;

a hardener cbmponent selected from the group consisting of difunctional amines,
difunctional amines replaced in part by an ammosﬂane, and difunctional amines replaced in
whole by an aminosilane; and -

a pigment or aggregate component.

35
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VIO 96/ 16109 - T e ﬁAs BEEN | PCT/ US95/ 11827 °
CONPAR SRR 2 Lot ot o opin %ﬁcﬁﬁ%ﬁﬁﬁi{ Fe e |
105 15,125 P S TSR 5 e il i
di oxi detesinTis anthe group consisting of dydropenated cyclohexhndi dimetandl ami | ess
i ssol vERERL CURAERAyBondialed BIeR] ANy B e BhE T oo o reduce

viscosity and then m xed until uniform The resin blend had a Brookfield

visscosi ty of3. appiTy coatinglcomgosith @Ftedied B Girk T WAGER thh Qifuhoal fmine_ % |
re

Pandr e dSgrelfi (AR ine Brill obRisulie” of e agithes, Alhatic: amive ddnetsor
Uni on yanidoamines,) cyclealiphptio aptines; icyeloaliphatic| aming akidcts0 atomdtic ahires)t V!
acet at eMaRfigR Bases HAiM@Rilines] 4fid Whkkth abeé'@ﬁr%ﬁ%e% e g%&%sllﬁfér@glraay qun.

sandbl asted steel test panels using a ISs alr-a ;
The epoxy pol ysil oxane coating dried to touch in |ess than one hour and was
dd9 through in about eight hoursy ¥h§§ eq@-X)g conposition. displayed 15 |
initial 60[err] gloss of 90. The resin blends of Exanples 1, 2 and 3 and
Conparison Exanple 4 were mxed with the hardeners and sol vents shown in
Tabl e 3where "épﬁonBKHHﬁ)pandamhem&ﬂ ene, R is adifunciionaizorganic radicaldpdependently
pol ysi | gleait@ fom! theLreas Basidtin | Eﬁﬁhe sted|
for cu;}iﬁagdt&ine \r‘\‘e%geri.gg regmglgg’ ra‘r%@i,l%xn?%ﬁs@?ta c’ealgﬂn ée cal |
resi st ¢80 Wherg %ds limited to 3 X%%%IA yaliyliand hydroxyalkexyateylhods:
115 AgEpLESGntainimgtlessetbarc abdut dixQtdrbore awimes at ed weat hering, is an
accelerated test intended to sinmulate the deterioration of coatings caused.
by sunlight and water as rain or dew. Test panels are exposed to

al t er nat i ng4ul t r k¢ Qoating composition camdesitedntn ielaimdilt whezein ¢tbe cmpositioni on
L5 ikl s @) o Lol A b frodp onpi 1
ex oseg“?‘-@ms‘%ﬁgt %§ lgyir ?’oge?auﬁﬂgﬁi"p%@cm g?dhlfﬂh&?tqcmt.esi?éﬁﬂ%%’ c‘ﬁecked
pé¥i odinaphthanatess rated for blistering and rusting according ‘to ASTM D1654. |
The rating test nmethod uses a 1 to : '

5. The coating composition as recited in claim 1 comprising at least one additional

ingredient selected from the group consisting of rheological modifiers, plasticizers, antifoam

agents, thixotropic agents, pigment wetting agents, bituminous and asphaltic extenders,

25 antisettling agents, diluents, UV light stabilizers, air release agents, dispersing aids, and

mixtures thereof.

6. The coating composition as recited in claim 1 wherein the pigment or aggregate

material comprises a fine particle size material selected from the group consisting of organic

30 and inorganic color pigments, at least 90 percent by weight of the pigment being greater than
325 mesh U.S. sieve size.

7. The coating composition as recited in claim 6, comprising up to 50 percent by
weight aggregate material based on the total weight of the composition.
35 _ '
8. The coating composition as recited in claim 6, comprising a weight ratio of
polysiloxane to organooxysilane of approximately six to one, a weight ratio of polySiloxane |
to hardener ingredient of approximately two to one, and a weight ratio of hardener ingredient .
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10 scale with 10 indicatjmg:no: Qhang-'fH@SHEE'ISHAS - cal Resistance.
Uni on Car hod C 117:" Measucesy . e of{ coat _
di fferent&ng{jgﬁ%’ One mi | Lilfte ?0 ?@"%Eﬁ- |ace§8?f??s§52‘éhﬁ;st -
coating and covere ass, After 24 hours the reagents are :
renoved tgrﬂfg%ﬂ?\?’%ﬂ%ﬂﬁé’tf ags‘?oé‘frh?fdé'gﬁ‘éeesfé’a?%e of 1 to-10 W|th 10 indicating no
change, 8 indicating sonme change, 6 indicating maj or change, 4 indicating
partial failgle antufly il fghifminetar ﬁ&?B Infodifiéd pH fsiloeicoa
retention in %J’\”( acce rat ed \Z\earq?grﬁr%gtgnseé\ivo festl ng a }% s em cafm%pot
tests clORMROFIUORPUCPH é‘;ﬁ?ﬂbl‘ﬂiﬂgym | oxane coati ngs corrp05|t|ons of the
pr §sent | NVeR!dopRardmatic iepox laueélg“@-hem cal, corrosion and weat heri ng
resi stance caq red to cgnvent epox 21-. 6/ 16109 .
bCT! Usos) 1163 PSSR Bﬁ‘rFB‘g e i coliins,of Relakictiory ol s
Exarrpl e functional polysﬂoxanes ha\G@a molecubrOveight m&ﬂé) range of 3fiin Bheut#00 t@ 2,000;

_ - 300 - Exanple 3
_____ an organooxysilane having the formula 300 Conparison Exampl e 4
- - .- ' - 300 butyl acetate
2010 20 - 20 20 15 20 25 A1100
48. 3 - _ - 570R, - ED 117
9 Y-9632 | 48. 0 -
45.0 10 DCH 99% - - R,—Si —OR, 5.0 Versam d 125
3 Test. Results |

OR,

L

where Rj is selected from the group consisting of aryl, alkyl, and cycloalkyl groups
containing up to six carbon atoms and where Ry is independently selected from the group
consisting of alkyl, hydroxyalkyl alkoxyalkyl and hydroxyalkoxyalkyl groups contalmng up
to six carbon atoms,

- an amine hardener selected from the group consisting of difunctional amines,
difunctional amines replaced in part by an aminosilane, and difunctional amines replaced in
whole by an aminosilane, wherein the difunctional amines are selected from the group
consisting of aliphatic amines, aliphatic amine adducts, polyamidoamines, cycloaliphatic
amines, cycloaliphatic amine adducts, aromatic amines, Mannich bases and ketimines, and
wherein the aminosilane has the general formula '

20

Y - Si - (0-X),

where Y is H(HNR), and where a is one, Ris a difunctional organic radical independently
selected from the group consisting of aryl, alkyl, dialkylaryl, alkoxyalkyl, and cycloalkyl
radicals, and where X is limited to alkyl, hydroxalkyl, alkoxyalkyl and hydroxyalkoxyalkyl
| groups containing less than about six carbon atoms;
an organotin catalyst; and .
a sufficient amount of water to facilitate hydrolysis and polycondensation to form a
fully cured coating at ambient temperature. —

"l

A,

30

35
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15 Dry filmthickness (m). . 6rr=——"——% . ' 6 6
) g foueh (hourn TS SHEE RSB o ey
1.5 9 5 Dry through (hour‘,) - REPLAGED |
é? 121() %e%nﬁ?%%ﬂo%%s Efﬁ c@ﬁn S%Iﬁég%he ' R t eresm contams90 |
91 morg 1han one 125epoxy groups per molecule and hagan gpakige equivalent weight in th§2
90 ran%GOf from 108%0 500 andhs a reactivify of aboui- tw@.l days .
75 - - - Salt Fog - (1000
hours) -blistering 10 0 - -

10 - 1list iThg coating composition asli@cited in cldith 9, wherein the polysﬂoxane havmg
- fo?“‘ﬁﬁg cal Resistance -NaOH (50% 10 . 10
- - 10 -HA (conc.) 10 10
- 8 -Herr] SO err{(ﬁonc ) : 10 10
- - - 4 25 - phe 8 8
- - - - 4-H[|err]qurr](conc ) :
10 - - - - g -NHerr]OH This Sheet Has Been R lacedlb .
100 - - - R~ O+ 8i — 4R, &t hanol |-
10 - - - - 1Q ¢acetic aci d mn I“II ‘
8 - - - -1 4 -cumene :
10 - - - - 10 |- acet one 'f
10 .- ' R, 19 30 EXAMPLES 5 THRCUGH 9

Exanples 5 through 9 descrlbe t he préparatloﬁ of the epoxy pol ysil oxane
conposi tion of the present invention as used for roorlng or surfacer

pli pos herd &R0 Ol@rséleae& W&b%@ﬁtﬁc@fsﬁu Sf)ﬁh'é Eac '%}oﬁ nd A1GYEAHARRE an

th t t |
was. pr KEREETINPEATAI, it FeyPan SRS A Bo i SIS (M D PTBFsanE
with aof ihyﬂl;ogem and alkyi and aryl gooups hEvinp upl tosii cquoamnm Mlmnemmstsebﬂeﬂ :

app! | ed xind 1?1§deiéﬂt ﬁﬂ?ﬁﬁl&ﬂﬁ?vfé n¥ of-fro 13Rk WHeRéin St ee'!
e L 8 i

composition. o o _ A

_ 12.  The coating composition as recited in claim 9 comprising up to approximately
ten percent by weight of the tota]_"compqsition additives selected from the group consisting
of flow modifiers, rheological modifiers, plasticizers, antifoam agents, .thixotropic agents,
pigment wetting agents, bituminous and asphaltic extenders, antisettling agents, diluents, UV
light stabilizers, air release agents, and dispersing aids.

13.  The coating composition as recited in claim 9 wherein the coating composition
comprises a fine particle size pigment or aggregate material selected from the group
consisting of organic and inorganic color pigments, wherein the aggregate material comprises
at least 90 percent by weight aggregate having a U.S. mesh size greater than 325 based on
the total weight of the aggregate material.

30

3 14.  The coating composition as recited in claim 9 comprising in the range of from
15 to 45 percent by weight non-aromatic epoxide resin, in the range of from 15 to 45 percent
by weight polysiloxane, in the range of from one to ten percent by weight organooxysilane,
in the range of from 10 to 20 percent by weight amine hardener and up to 50 percent by

' .23-
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correspondi ng ASTM nol ds:, Tesitl ng was.i “.SHEEH gHEN days cure at
70[err]F nd -22: “7 WY 96116 1PFHIS

PCT/ USQS/‘ﬁ’g‘g& % relative Rifidity) ChenRER\-IACﬁgs' ahce %MF%SSI% BY usi ng
by qusi ng., EFEME = onpressive, tensile and
fl éxur al ﬁ%ﬁqﬁé §*§gut§?a%§v?@t Smﬁéﬁg\gﬁm test. met hods: 1.

ASTM G14 determ nes the energy required to rupture a surfacer or: f|00l’| ng

system 5 15. Théf&daﬂn% 6 a@frednfeﬂ 1%1&1&1{ Y4 fcemgﬁsin'gt Ry isal
damage in ser Vil ce 2‘|_‘§ 307 @& re‘_é%{_l a% SI ve
St r engt hPSIFRt AR WeREM oRpn-Ar0 s a 5 VOY' ysﬂgx Y

cube, | opatcéntchyi ngxghamgnnooxyslhnd, hi)pement by rmghlaamineehardemn,t 20fpercent Ibyng

Sur facer sgﬂ% %@@%ﬁwﬁ@s@m@ bR e tleht 200 aBEOed bl on e

-5 tad weight ofgthe composition. 9 Epalloy 8250 81.0
- - - Epon 828 - - 81. 0
gi 8 o }\D@?Pj‘f’&!%" pr&ecrhng tlhe sungace of an.object frg@ the undi%res effec§§5of0
- 10 - ehemrd:zﬂs, corrosion and weather by coating the surfacelwith a coaﬁng)cornposmomprepared
- 26020 27.0 . 23.0 23.0 - 20
Eur edur %%g? steps of: ' -
Ancani ne 194forming a resin component by comblmng, - 24 0 25. 8
Aral dite R972 water, - - - - - 21 3
BYK 080 a non-aromatic’ ngXIde re25m having more than one 1 2—epoxy groups per

5 “molecule and having an epoxide equivalent weight in the range of from 100 to 500,

the epoxide resin being selected from the group consisting of hydrogenated
cyclohexane dimethanol and diglycidyl ethers of hydrogenated Bisphenol A-type
epoxide resins;

a polysiloxane having the formula

20 - | TR } _—
R _
This Sheet Has Been R
o [T
R,— O 1 Si — OR, -
25 | |
R ]
. where each R; is selected from the group consisting of the hydroxy group and alkyl,
- aryl and alkoxy groups having up to six carbon atoms, each R, is selected from the
30 group consisting of hydrogen and alky! and aryl groups having up to six carbon atoms,
and wherein n is selected so that the polysiloxane ingredient has a molecular weight
of from 400 to 2,000; '
- an organooxysilane having the formula
| OR,
35 | I
R,—.IS:' —OR,
OR,

where Rj is selected from the group consisting of aryl, alkyl, and cycloalkyl groups
| -29-
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F-75 Sand [/7336:0 - 336rH 336.0 336.0 |
Crystal Silica #70 ' 840 84 DTH“?’ %"‘?g?ﬁéﬂ 84. §’4‘§8 o
Si | cosi W@9%416109 - 30. o 230 3 9 70 25 i

I\/Fcham Cal TeSt ngﬁﬁg‘ﬂ ttgigxla( gtatg% apﬂ ‘Y}Eé'e Ry is mdependenqyagegected from the

- ~Pas s group feansistingFafi alk@) hydroXyalikyk stkoxyalkyl amdyhjdrorgaikoxyalkyl grdui)s 540
- - .Tensile Strength (psi)
-- - containing P &1%28%8035&88% @Pexural St rengt h (pS| 5 500
- adding a curing agexydg the 3es;r@)@ogmongg_to formpaofilt epoxy-modified
F53T/ US%%%&&&ﬁe Gb@tmg:@dmﬁ%sﬂdﬁ ﬂmlentziémb@latur&pm Test s Exanpl e

|
10 10 ﬂgune hardfaer seleclgp frem fhéoﬂf,’“ corgm.%{?g of difunctigpal ammes, 10 ‘
6 - 10 difunctiosal amines$ replaced] BOjpartr by (aBoaminosilane, and difunctional amineg0 i.

2 13 replaced fh whole bg % agw\ %iaﬁer rﬂ\er?x&)the asmnosﬂane has the é&gral formnﬁa 0

4 10 8 10 acet one _ .

m 8 10 NHL.err] OH (Conc.) - 10 10 10
10 10 10 et hanol e 10 10 10 10
10 10 Y - §i - (0-2,

where Y is H(HNR), and where a is one, R is a difunctional organic radical
- independently selected from the group consisting of aryl, alkyl, dialkylaryl, &

15 alkoxyalkyl, and cycloalky! radicals, and where X is limited to alkyl, hydroxalkyl,

alkoxyalkyl and hydroxyalkoxyalkyl groups containing less than about six carbon

atoms; and

an organotin catalyst; and :

applying the coating composition to the surface of the object to be protected before the

20 composition becomes fully cured.

17. The method as recited in claim 16 wherein the non-aromatic epoxide resin is
present in the range of 15 to 45 percent by weight of the total composition.

25 18. The method as recited in claim 17 wherein the polysiloxane is methoxy
functional and is present in the range of from 15 to 45 percent by welght of the total
composition.

19. The method as recited in claim 18 wherein the amine hardener is present in the
30 range of from 10 to 20 percent by weight of the total compositiqn. '

20. The method as recited in claim 19 wherein the coating composition cOmprises
up to SO percent by weight fine particle size aggregate, at least 90 percent by weight of the
aggrégate material being greater than 325 U.S. mesh size.

35 |

21. The method as recited in claim 16 wherein the coating composition comprises
approximately 25 pefcent by weight non-aromatic epoxide resin, 30 percent by weight
polysiloxane, one percent by weight organooxysilane, 15 percent by weight amine hardener,

-30-
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L BN = B
Exanpl e cWO%/16W8 sane- as Exanpl e 6 ex¢ept tMERLACER epoxl rBSFRSIMUSY | od
over 4A nol ecul ar sieves for 24 hqurs and the pignent/aggregate bl end was
hedt ed f@and thies,percsntRy Weight prganotn Gatalyshwed to cool overnight in a

desiccator at 20[err]C and 0% hum dity before use. The dried epoxy resin,

o1 gent | agar A & Bt hknd & AORTRu e MRt GebBRTaRRY- 104 poivsiarane .
t r onel edcesting compositioncemypirisinghibe steps ®f: panel was then placed in a

desj ccator at i 4 Fsirf BemBShent b icoididiggd dity and allowed to cure. After
36 hours, Exafrrp elfgéiA was ta@‘{ 2par,ed t%‘ Exanpl e 6 which was dry hard.

C,
After 7 days at 2@[RH3remagg %‘aﬁ'ﬁlfesﬂﬁe chenmical resistance of Exanple 6A
was not as good aa pdiysiloRens haling esncleaniaewsightitathel range of from 400 ts2/080es

the 20 i nporta%foég%}%gl%{apégla{,ﬁg tﬁ@?&%m%’l ysi | oxanes of the present

i nvention. The co specinens of Exanples 5 and 6 and
conpar ative Exanples 8 and 9 were i Mmersed for 7 days in 50% sodi um
hydggoxi de, 98% sul furic acid and nethyl ethyl ketone. The specimens were
renoved fromthe test fluid, rinsed w tORwater and al | oweg;dRedlfi¥s Beof RBiced

hours before neasuring conpressive strqngth. Exanpl es. 5 an _
retained greater than 92% of their {'gsgig,-i_qbkcorrpressive st HEIHEEIIILNIHII L
three test fluids. Conparative Exanp 8 rethined greater i
initial conpressive strength in 50% sogyem hydroxi de, however, the

speci nens were conpl etely degraded in W sulfuric acid or MEK. Conparative
Exammpl e 9 had percent retention of initial conpressive strength of 92% and
80% i n 50% sodi um hydroxi de and MEK, respectively, however the specinmens in
3? I98%hsul \IvEéxiteCRg'lizic séléb&'defrﬁﬁptlhé fgﬁ'@lp/cdfsi}tiiig@?_arﬁx 1,eandScyclvatkyd lgréups
clearly show . surfacer. | - '
I nvention hav"eoni%ﬂng\}g)d ocﬁé%ggb n ﬁ@@ﬁ%ﬂﬁ@@gmﬁgﬁaﬁ é@s%%@?rgﬁlg%
and hi gher i ngraup cousistingeicalkylo mydroxyaltkyl, adkoxyalkyband hydroxyalkoxyatkyh gseups
mat eri al s. Alé ﬂifiﬁgtdi)ethﬂ'géﬁf%nia?&ﬁﬂt iaﬁﬂ‘ has been descri bed with

Wt :3. refer

com) der abl e det al ence to certain preferred variations
thereof, other varVaehd are possi bl e. Therefore, the spirit and scope of

t he appended @lritignthesbsinlcompoherichy addingeth the resis compbaemted vari ations
described herein. an aminosilane with two active hydrogens; and

an organotin catalyst, wherein the aminosilane and organotin ingredients are
both added to the resin component to effect full cure at ambient temperature.

25

' 23.  The coating composition as recited in claim 22 wherein the non-aromatic epoxy
resin is selected from the group consisting of hydrogenated cyclohexane dimethanol and
diglycidyl ethers of hydrogenated Bisphenol A-type epoxide resins.

30 24. A method as recited in claim 22 wherein during the step of forming the resin
component one or more ingredient is added that is selected from the group consisting of
pigments, aggregates, flow modifiers, rheological modifiers, plasticizers, antifoam agents,
thixotropic agents, pigment wetting agents, bituminous and asphaltic extenders, antisettling

a5 agents, diluents, UV light stabilizers, air release agents, dispersing aids.

-
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- 24- 1 What is Cained is: 1. ° A epoxy poI ys;fﬁampbwﬂﬁ-rcmsng
conposition prepared by conbi ni ng: ;water; "5 : a pol ysi | oxane havi ng
t he forrm #qﬁgm@g\/{gere each R[err] is sel ected fromthe group
conS|st|ng 0 e roxy group and al kyl, aryl and al koxy groups having up
to six carbon atons, each R2 is selected fromthe group consisting of

hydrogen gand aAlk bxy’iﬁélyﬁldddanéi polyRfer kaainpoconipdsition prepiaed by combiningind,

wherein n is sel ect ed so that the mol ecul ar weight for the polysiloxane is

in the 20 Water; ange of from 400 to 2,000; and an or ganooxysi | ane havi ng
t he 5f or nul a [ erpdlysiloxane Riving thedosmulad from t he group consisting of aryl,
al kyl , and cycl oal kyl groups 30 containing up to six carbon atons

and where Rlerr] is independently seleg¢tRrd fromthe group consisting of

al kyl , hydroxyal kyl, al koxyal kyl and hydroxyal koxyal kyl groups contai ni ng
up to six carbon atons; a difunctional {afi nosil ane hardener conponent that
condenses through its silane groups w tfth the pol ysil oxane; 35 a
non-aromati c epoxi de resin havi ngrpoOesian0GHeRr,1, 2- epoxy groups per

mol d6ul e wi th an epoxi de equi-val ent weilght in|the range of from 100 to
about 2,000 that undergoes chain extengi ¢n by|reaction with the am ne
groups in the polysiloxane to.forma fdlly cufed non- interpenetrating

pol ymer networ k epoxy- pol ysi | oxane pol yrly ; apd -25-

15 : _
where each R, is selected from the group consisting of the hydroxy group and alkyl,
aryl and alkoxy groups having up to six carbon atoms, each R, is selected from the
group consisting of hydrbgen and alkyl and aryl groups having up to six carbon atoms
. and, wherein n is selected so that the molecular weight for the polysiloxane is in the
20 range of from 400 to 2,000; and

an organooxysilane having the formula

OR,

|
R,—Si —OR,
25 _ |

- , OR,

_ where R; is selected from the group consisting of aryl, alkyl, and cycloalkyl groups
30 containing up to six carbon atoms and where R, is independently selected from the
group consisting of alkyl, hydroxyalkyl, alkoxyalkyl and hydroxyalkoxyalkyl groups
containing up to six carbon atoms;
a difunctional aminosilane hardener component that condenses through its silane groups
with the polysiloxane; | ' :

35 a non-aromatic epoxide resin having more than one 1,2-epoxy groups per molecule with
an epoxide equivalent weight in the range of from 100 to about 2,000 that undergoes chain
extension by reaction with the amine groups in the polysiloxane to form a fully cured non-
interpenetrating polymer network epoxy-polysiloxane polymer; and '

25-
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a pignent or aggregate conmponent. 2. The coating copposiLian ?S r |4td=ﬁis
in claiml wherei n the non-aronmatic epoxide resin is seTected T oﬂﬁ vy
group consi sti ng hydro&enat ed cycl ohexane di nethanol and 5
di gl yci dyl et hBPEBINRY ABGEEHE CUPIBbhenol A epoxide resins. 3. The
coating conposition as recited in claim1l wherein the difunctional amne is
has the general for
(0 [or 1T whefe v TH ebllepampnsition s tseited in cgjmn 1 whersin the npp Reormgic sporie
or.gani c rdesieds seleatedcfmomnthe group sonsisting: ofhydregenatedncyaohsand dimethanol yand

al kyk, di Méther8 bk Ryd | cal s, and where X is
limted to ézy ? éheilrgr oxal kg#ﬁékezgl%g%gmﬁéﬁggmﬁﬁﬁxyal koxyal kyl groups 15

cont ai ni ng Iess than about six carbon atoms. 4. - The coating conposition
as recited i n GJ ai rﬂ'ﬁeodaﬁrligaéomﬂdshionasrmﬁéd ineihimdditicrein did difumotigital aftheads has

| east onet ?ﬁg ‘%( gt to facilitate cure at anbient tenperature, wherein
the cataly |s selected fromthe group consisting of zinc, nmanganese,

cobal t, |ron | ead, and tin each 20 in the formof octonates,

neodm:anat es, or napht hanates. 5. yThey;co Rl conposition as recited in
claim1l conprising at |east one additional 'ingredient selected fromthe
group consisting of rheological nodifiers, plasticizers, antifoam agents,

t hi xotr opiwheaagé’nissﬂ(l-ﬂﬂg)gemd whereiaiy ongeRtis a dlflnmtlbmilwgmnd raahqﬂhaﬂxddpendently

el case adcicied frofilthd Bfpe ‘{é?&ﬂgsﬁﬁﬁg‘ sl U5k oyt Aot Al Sha By faciBin
conposi t | éﬂda?!;h%é{tl%dlmltﬂ toaplieyh hydeoxalkyl: slkoxnafied rr kydrexypikaxyatkyhgroupsal

conprs sescamﬁinn% RSY thhé hBoutisiecafBdraditbb. sel ected fromthe group consisting
of-"organi ¢ and i norgani c color pignments, at |east 90 percent by

wei ght of the pignent being greater than 325 nmesh U. S. sieve size. 7. The
coati ng conposd.t i oiThesoating contposition asxecited, in claimp i mdierein the compaditipreadditivnaliy

g’e' ght ag%xﬁ?ﬂ&é% di9L&k 'oﬁ{a At ttt{iefgélﬁfa?é u.‘ﬁ@'a‘ég}nb‘?énttt&ﬁ RP@SJvﬁérQ{i]it the®

ecoalngco |onasr

rati o of pAlystis sslegted ﬁ@ndhg&rﬁsmwmaae BNC, NAEBRGSEELOD y m % aadém each
el gy 1 aid the $ornd 6f ¥&tbhaAes3 Reode@anates, or naphthanates.

5. The coating composition as recited in claim 1 comprising at least one additional
ingredient selected from the group consisting of rheological modifiers, plasticizers, antifoam
agents, thixotropic agents, pigment wetting agents, bituminous and asphaltic extenders,

25 antisettling agents, diluents, UV light stabilizers, air release agents, dispersing aids, and mixtures
thereof. :

6. The coating composition as recited in claim 1 wherein the pigment or aggregate

material comprises a fine particle size material selected from the group consisting of organic and

30 inorganic color pigments, at least 90 percent by weight of the pigment being 'gteater than 325
“mesh U.S. sieve size.

7. The coating composition as recited in claim 6, comprising up to 50 percent by
weight aggregate material based on the total weight of the éomposition.
35 o |
8. The coating composition as recited in claim 6, coniprising a weight ratio of
polysiloxane to organooxysilane of approximately six to one, a weight ratio of polysiloxane to
hardener of approximately two to one, and a weight ratio of hardener 10 organooxysilane of

-26-
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hardener of approxinmately two to one, and a weight ratio of bagdeper to
or ganooxysi | ane of -26- I approxi mately three to,ope,.; -9 ]_%AGCT 1996
epoxg- pol ysi | oxane pol ymer coating conposition prepared by conbining: a
pol yki | ox approxishaselydhire toone.he group consisting of nethoxy, ethoxy, and
silanol 5 functional polysiloxanes having a nol ecul ar weight in the
range of from gbout, 400 to 2,Q00; an organoqgxysil ane having the formyl a
[err] 15  where R FROXYIvsiloxane palymercosting sompesitian pregarsd by combining:y |
and cycl oal kyl a gotysiloxarnselecied) Grottid tHeOgiduy coasibiny of ardthaxyy ethoxy e aid silanol

I ndepende . sal th [ consi St.i of al kyl . dr a
al keyal koinchoRfeisHapeS Rolihe oth Btk fpedhf Fom aBHat 40018 21000 1.
a di f unct i onal ametganenxysilanethavingrthe fasmwronent t hat condenses through its

si |l ane groups 20 wi th the polysil oxane having the general forrmula Y - S
- (OX)[err] where Y is HHNR)a and where a is one, Ris a difunctiona
organi ¢ radi cal independently 25 ‘sel ggged fromthe group consisting of
aryl, alkyl, dialkylaryl, alkoxyalkyl, and cycloal kyl radicals, and where X
is lyqrited to al kyl, hydroxal kyl, alkoxialk | or hydroxyal koxyal kyl groups
contal ning | ess than about six carbo®atbm@Ra non-aromatic epoxide resin

t hat undergoes chai n extensi on by reactilon with the amine groups in the

pol ysiloxane to forma fully cured epoxfRol ysil oxane pol yner; 30

an organotin catalyst; and a sufficient anount .of water to facilitate

hydrol ysis and pol ycondensation to forma fully cured coating at anbient

t enperat ure. The coating conposition as recited in claim9 wherein the

10.
non-& omayf,j 0 > ' 1.ak.ns e - g
o 13 e ihre T Bt rom (€ RidUp SRS G YA VE POt it
to 2, 000. up to six carbon atoms and where R, is independently selected from the group consisting of
alkyl, hydroxyalkyl, alkoxyalkyl or hydroxyalkoxyalkyl groups containing up to six carbon
atoms;

a difunctional aminosilane hardener component that condenses through its silane groups
20 - with the polysiloxane having the general formula '

Y - §i - (0-X),

where Y is H(HNR), and where a is one, R is a difunctional organic radical independently
25 selected from the group consisting of aryl, alkyl, dialkylaryl, alkoxyalkyl, and cycloalkyl radicals,
_ and where X is limited to alkyl, hydroxalkyl, alkoxyalkyl or hydroxyalkoxyalkyl groups
it containing less than about six carbon atoms; '
a non-aromatic epoxide resin that undergoes chain extension by reaction with the amine
groups in the polysiloxane to form a fully cured epoxy-polysiloxane polymer;
30 an organotin catalyst; and _
a sufficient amount of water to facilitate hydrolysis and polycondensation to form a fully
cured coating at ambient temperature.

10.  The coating composition as recited in claim 9 wherein the non-aromatic epoxide
35 resin contains more than one 1,2-epoxy groups per molecule and has an epoxide equivalent
weight in the range of from 100 to 2,000. .

27
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_27-" -~ [err] 11. The coating conposition as recited in claimof\Mber 330
t he polysil oxane has the formula 5 [err] where each R[err] is selected from

t he group consjsti of the drqx nd al kyl | - and al kox rQups
havihg up to sh - nﬂtfo‘?f’ag{‘%ﬁg K“% E’e‘g é‘?’h theepglyghﬂ}anghgs the
consi st i ndormiuld 5 hydr ogen and al kyl and aryl groups having up to six
carbon atons, wherein n is selected so that the polysiloxane ingredient has
a nol ecul ar wei ght of from 400 to 2, 000] gand erein the pol ysiloxane is
present in the range of from15 to 45 perdent |by wei ght of the total
compgsition. 12. The coating conpositipnjas rlecited in claim9 conprising
up to approxinmately ten 20 percent b ueig t of the total conposition
additives selected fromthe group gong ki op Ugflom/nndlflers r heol ogi cal
nodi fiers, plasticizers, antifoam agentfs, thi otroplc agents, pignent
wetting agents, bitum nous and asphaltigc pxterjders, antisettling agents,
diluents, WV light stabilizers, air relgase agents, and dispersing aids. 25
13. . The coating conposition as recited iR cl |n19 wherein the coating
conpmeition conprises a fine particle S|ze plgnent or aggregate materi al
selected fromthe group consisting of organic and inorganic col or pignents,
wherein the aggregate material conprises at |east 90 percent by wei ght
aggregate having a U S. mesh size greater than 325 based on the total

wei ght of thIEFe @&ﬂf@ﬁts‘élegéh?fdrﬁhiet %Quéélonsmtlﬁp %1(’ ﬁ%ﬁ)‘f@&pﬁ&ﬁ@ﬁ Shd hl‘?cm %R/l and

recited.in C rrsrng I n erce

wei ght noAlkexy geaups hewag updo srégarbonl atpmﬁ@aelaﬁges sslecteddrom the gons copsigtingtofyy
VET oISt PO hydropénaidalkyland Gf/1 §h&fm§ (PtH 0 Garbén it@ﬂlspﬁh&@ﬁin Q)selwteﬁfkb that

anaup. 1 ousoPgblatet dger %@F@ﬁeﬂs pleluie g o RGB D 122160, ViRGE L Be

t he conpogpolysitoxane is present in the range of from 15 to 45 percent by weight of the total composmon

12.  The coating composition as recited in claim 9 comprising up to approximately ten

20 percent by weight of the total composition additives selected from the group consisting of flow

modifiers, rheological modifiers, plasticizers, antifoam agents, thixotropic agents, pigment

wetting agents, bituminous and asphaltic extenders, antisettling agents, diluents, UV light
stabilizers, air release agents, and dispersing aids.

25 13. The coating composition as recited in claim 9 wherein the coating composition
comprises a fine particle size pigment or aggregate material selected from the group consisting
of organic and inorganic color pigments, wherein the aggregate material comprises at least 90
percent by weight aggregate having a U.S. mesh size greater than 325 based on the total weight
_ of the aggregate material. :
30 _
14.  The coating composition as recited in claim 9 comprising in the range of from 15
" to 45 percent by weight non-aromatic epoxide resir, in the range of from 15 to 45 percent by
-weight polysiloxane, in the range of from one to ten percent by weight organooxysilane, in the
range of from 10 to 20 percent by weight hardener, and up to 50 percent by weight aggregate
35 based on the total weight of the composition.

15. The coating composition as recited in claim 14 comprising approximately 25
percent by weight non-aromatic epoxide resin, 30 percent by weight polysiloxane, five percent

228-
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15. The coating conposition as recited in clai m14; conprisip gg‘i' 9961
approxi mately 25 percent by wei ght non-aromati c epoxi de resin, percent
by i ght, polysi | oxane, .five _percent -28- 1 b I ght.
o ghnoox Rl weikl organogyilang, 5 petnenty: wia hemener, 20 pebet Byight peprmgate, and
aggr egat ehe aemainiigg perentnby gveightcsoiven yandeadglitives dhasedhtonathd tatidli weights ob stweed
on the tot§+ ‘éﬁ{oﬁht of the conposition. 5 16. A nethod for
maki ng a © l10y-cu'red t her nosetti ng epoxy- pol ysi |l oxane pol yner coati ng
conposi tion conprising the steps of: formng a resin conponent by

combi ni ng; a ngn- apOkBihoE EPMAMG d Rillylburdl etn§settingadpRx$Pobstlesarie fUlymee
group consi st g&vof Jret hoxy, .et&lo\%é,p apd silanol 10 functi ona

pol ysi | 0xCoAHRS FeRPORItON ¢RI SHCREPSAT in the range of from 400 to 2, 000;
an or ganooxys ifbraifg A aesimgohpenehobyrvombinénrg;] where R3 is selected fromthe

group consisting o lﬂ'c[hn . .cycl oal kyl groups 20
containing up to S%Q&E:qr oagic%é’#ggg%%fﬁMere R4 is independently sel ected
fromthe group conapelysilaxang selected from the gseupgapsistingpfamsthaxye gthoxygand silanol

hydygxyal koxy gisgtionl polytlosatizs aving 4 midlediilarSkeightdih tied radg®obfromd0we 2§000; and
curing the resin conponent ag;%: ent tm%ature by adding to the resin
conmponent: 25 an organooxystlgne having the th two active hydrogens that
~condenses through its silane groups with the polysil oxane, whereby the
non-aromati ¢ epoxi de resin undergoes cHal'n extension by reaction with the
amine groups in the polysiloxane to forlma fully cured epoxy- polysiloxane
polymer; and an organotin catal yst. Bg8&#~OR[he nethod as recited in claim
16 yherein the non-aromatic epoxide resfin is

: OR,

where R, is selected from the group consisting of aryl, alkyl, and cycloalkyl groups
20 contaihing up to six carbon atoms and where R, is independently selected from the group
consisting of alkyl, hydroxyalkyl, alkoxyalkyl and hydroxyalkoxyalkyl groups containing
up to six carbon atoms; and
water; and
curing the resin component at ambient temperature by adding to the resin component:
25 an aminosilane with two active hydrogens that condenses through its silane groups
with the polysiloxane, whereby the non-aromatic epoxide resin undergoes chain extension
by reaction with the amine groups in the polysiloxane to form a fully cured epoxy-
polysiloxane polymer; and
an organotin catalyst.
' 17. The method as recited in claim 16 wherein the non-aromatic epoxide resin is
present in the range of 15 to 45 percent b_y weight of the total composition.

18.  The method as recited in claim 17 wherein the polysiloxane is methoxy functional
35 and is present in the range of from 15 to 45 percent by weight of the total composition.

19. The method as recited in claim 18 wherein the aminosilane is present in the range
of from 10 to 20 percent by weight of the total composition. '
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present in the range of 15 to 45 percent by wei ght of. -t he o
conposition. 18. The nmethod as recited in claim 17 “Wher ef i i? OCT 1996

pol ysi | oxane |s rret oxy f tiQ 3i5 Ls.,present in the range, of
Proth 151 o 45 Rer cafe Msghoikas rrttogfn cagn 19 PRl BB SoRTE oAty o UBAFiSEH bR
??oﬁf‘ibt?‘i’s"a”“?i?n“’&g‘“‘“ ‘*‘*’? phipeserley ”t."oﬁ”““z%“’ﬁh”m“‘*
20. The ngeﬁ'&g ea{gggtegPe}(g%I m%% %ﬁ?lerel n the coating conposition
conprises up to 50 percent by vve| ght fine particle size aggregate, at |east
90 per cent by Mei Oithe Qlfleth&f a@%ﬁt@&% BlaiR 118" WidreiR&hé dotinpadoRipdsitih coAfprideS.

mesh si ze. g E hod as recited. n cl.al 16 mhgreln th
coating c@?ﬁ%ﬁ#ﬂ)‘l %%I?SWF%% Y aWeight PARARmatics epoxi ﬁ?s‘%y%\éﬁe&‘ﬁp
non-ar o rraltmlyslmarxe dfte {memm by 3eight brpanboxysilae] iSperpant by weight aminecaedeper, amht

by wei ght_or an by wei ght am ne hardener, and three
percent b "%Yg b@ﬁﬁﬁf@%&& 22. A nethod for naking a
fully-cured thernDsettlng epoxy- nDdlfled pol ysi | oxane coati ng conposition
congpi si ng t hepost Rpﬁeﬂ&fod foP midk fhlfyitired AGRIORE g eps R odifivd ¥ﬁys1loxane
pol ysi | oxane havi ng .the formyl a er ere each Rerr] is selected from
t he  gr oupC@HAg COmMPAsition COMprising t up and al kyl, aryl and al koxy groups

having up to %mmgrahesinabmpenemhyhoﬁpanmg is selected fromthe group

consi sting of ggﬁ aryl groups having up to six carbon
atons and, V\/near ?%s?fﬁ%% q’f@{ﬁég‘) 2" so that the nol ecul ar wei ght for the

ponS|onane is in the range of from alfogt 40P to 2,000; an organooxysil ane
Havijgg the formula [err] where R3 is s¢lekcted|fromthe group consisting of
aryl, alkyl, and cycl oal kyl groups congaininglup to six carbon atons and
where R4 is independently selected fro Jhe gfoup consisting of alkyl,

hydr oxyal kyl , al koxyal kyl and mﬂﬁfmy xygUgﬁzgroups_containing

20

where each R, is selected from the group consisting of the hydroxy group and alkyl, aryl |
and alkoxy groups having up to six carbon atoms, each R, is selected from the group consisting
of hydrogen and alkyl and aryl groups having up to six carbon atoms and, wherein n is selected
25 so that the molecular weight for the polysiloxane is in the range of from about 400 to 2 000;
an organooxysilane having the formula

OR

30 .
_ R,—5Si —OR,

OR,

4

where R, is selected from the group consisting of aryl, alkyl, and cycloalkyl groups
containing up to six carbon atoms and where R, is independently selected from the group
consisting of alkyl, hydroxyalkyl, alkoxyalkyl and hydroxyalkoxyalkyl groups containing
up to s1x carbon atoms;

a non-aromanc epoxide resin having more than one 1,2-epoxy groups per molecule

35
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up to six carbon atonms; a non-aromatic epoxide resin-havi'figs

1, Z-ﬁpoxy gLoups per nol ecul e -30- 1 Wi h~“an 4 ?@T?S& ent
“weight in the range of from 100 to, about 2,000; and water; c g the resin
con’gonent at  avithamenoxide agujialent weight itnthe range of ifrom: 100, o about ﬁﬂb&s ‘{]

an am nosi Ihanﬁ Wi tlb.'aerD active hydrogens that condenses through its silane
groups with the.po |.oxane e non-aronatic epoxide resin

under goes chai® H"E& ?lﬁﬁowb?%\gé?‘b#'tlf HempEr Y e groups in the

pol ysi | oxane to foamorgahefin gatalysteandpoxy- pol ysi |l oxane pol yner. 10

23: 5 The method asﬁﬂe&ﬁhfoai’adew@o%a&yyzﬁ%ﬂ{ab&dae&eﬁm&mmﬁl n

Is selected framt group consisting o genat ed,cyc] ohex

di met hanol andvith the pelysijoxane, whereby theRarasef@atia SROXISCIFIR: ergseeégﬂ%wa’éensm
resins. 24. Ay'Rhétish *ith'tBE ahfise pfoupb i the’polvkikyxane tel forma fulty catedpepoky-
formng the resh,n l15 oiydh’r%onent one or nore ingredient is added that is
sel ected fromPP é FP fsting of pignents, aggregates, flow nodifiers,
rheol ogi cal nodifi ers pl asticizers, antifoam agents, thixotropic agents,

Pi ggNt Vet tiRg g agﬂ\q)@ ﬁm}ﬁh%&'f& B 2SReAiA e doklapaAY oﬁiﬂi'ésﬁﬁk tibaia

agents, diluen t sta zers air rele se age er5|
ai ds. 20 from the group CODAISHBQ of hY‘éﬁoﬁ@??éﬁdr exclohs &P’ﬂ;‘]‘hﬂ%@{]m ﬂ‘gPYCI ers of 9

epoxy- pol hardgenaiee Bisphensl A epakide gesignposi tion prepared by conbi ning:
wat er; a pol ysiloxane having the fornmula [err] where each Rerr] is

sel ected fromthe group consisting of the hydroxy group and al kyl, aryl and

35 al koxy @doupA mmhndgisu'pclted ig claign22 wherein during thehstep of forsing dhe wesin om

thegr Oufhoﬁ:gfbﬁbéf bﬁﬂ onm&ié% F@a&ﬁeh%alaﬁdsei’éciﬂd fO6MUDE gialp REnsiftinglofi X
polgments, aggregez{teesI ow m ergcgheeologlcal modifiers, plasticizers, antifoam agents,
thixotropic agents, pigment wetting agents, bituminous and asphaltic extenders, antisettling

agents, diluents, UV light stabilizers, air release agents, and dispersing aids.

20 25. A non-interpenetrating polymer network epoxy-polysiloxane polymer coating
composition prepared by combining: :
water;
a polysiloxane having the formula

25 R,
- I
R,—0 -8i —OR,
30° - |
_ R, ..

where each R, is selected from the group consisting of the hydroxy group and alkyl, aryl and
35 alkoxy groups having up to six carbon atoms, each R, is selected from the group consisting of
hydrogen and alkyl and aryl groups having up to six carbon atoms and, wherein n is selected so
that the molecular weight for the polysiloxane is in the range of from about 400 to 2,000;
a difunctional aminosilane hardener component that condenses through its silane groups
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that the nol ecul ar wei ght f-er the polysil oxane i_ngg@é“rﬁﬁgﬁ(ﬁ[ _
about 400 to 2,000; a difunctional am nosilane hakdef&r conpo eht tha

condenses through its silane groups -31- 1 wi th the polysiloxane and

has It he gwithithé polysilnxane and hasithe gepepalfarmylawhere Y is H(HNR). and where a

is one, Ris a difunctional organicyrag}catolgylependentl y selected fromthe
I

group consistin |, al kyl, dialkylaryl. .3l kokyal kyl, and, cycl oal ky|
radi cal s, where Ygléﬁ‘iﬂ'% @&W%’? R PE‘?}yé‘és aKppct gpfﬁ?ﬁ'}%’?&mhf#@ﬁéﬂ Y
or hydr Oxw.l c&hh)ﬁgr@lphmst' isthso f&yliaibyllcﬁ]alkylabdmlladmaﬂcybwdqmldﬁky_ 1 sdicals, ;
an anooxysi,l an ayin e r . e

fro '? he 6?% M‘e&eog(sfss Ylhﬂgdotp %L@Y wgﬁxéﬁ(?[’ aar%%&g? Elﬁyg%? k@ldﬁ%%ﬂ%é y@%ilsgfoﬁ*ﬁg
up to si xcendaining lassshan ahout sireatboratoms;i ndependent |y sel ected fromthe
group consi st |m@£noyx§§]mem¢hg¥y@fom{ﬁa al koxyal kyl and hydroxyal koxyal kyl

groups containing up td six carbon atons; and a non-aronatic epoxide resin

having nore than one 1, 2-epoxy groups pgypp mol ecul e with an epoxide

equi val ent wei ght in the range of fron1?%0 to about 2,000 that undergoes-

chaug 20 extension by reaction with the am ne groups in the polysiloxane

to forma fully cured non- interpene#féfiﬁdzﬁolyner net wor k

epoxy- pol ysi | oxane polyner. 25 30 35 OR
. : 4

15 where R, is selected from the group consisting of aryl, alkyl, and cycloalkyl groups containing
up to six carbon atoms and where R, is independently selected from the group consisting of alkyl,
hydroxyalkyl, alkoxyalkyl and hydroxyalkoxyalkyl groups containing up to six carbon atoms; and

a non-aromatic epoxide resin having more than one 1,2-epoxy groups per molecule with
an epoxide equivalent weight in the range of from 100 to about 2,000 that undergoes chain

20 extension by reaction with the amine groups in the polysiloxane to form a fully cul_‘ed non-
interpenetrating polymer network epoxy-polysiloxane polymer.

25

30

35
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A sprayable, trowelable epoxy polysiloxane based coating and flooring composition exhibiting excellent weatherability in sunlight
and superior chemical, corrosion and impact resistance after curing is made up of: (a) a resin component which includes a non-aromatic
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organooxysilane and the polycondensation of the silanols produced by such hydrolysis. The hardener and epoxide resin react to form a
cured linear epoxy polymer. The polysiloxane and/or organooxysilane undergo a hydrolysis reaction which produces silanol. The silanol
undergoes polycondensation forming a linear epoxy-modified polysiloxane polymer.
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