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WO 2009/ 019296PCT/ EP2008/ 060368 HI GH SOLI DS EPDXY
COATI NG COVPCSI TI ON The present invention relates to a

w@e@biong€ onposi tion conprising a silicate-nmodPdT/BP2008/060368

epoxy resin. 5 1n this specification, the term

"silicate" refers to a conpound in which the silicon

atons are only bonded to oxygen atons, not to carbon

atons. A silicate-nodified epoxy resin is known from

EP 1 114 834, which discloses 10 conpositions

conﬁrising an al koxy-containing silicon-nodified epoxy

S HSObRS EREDXRY KyOAEN GAFOMRASITdONcondensat i on of a

bi sphenol epoxy resin - i.e. an aronatic epoxy resin -

and a hydrol ysabl e al koxysi |l ane. This conposition
TRatEressntainbeatioh e¥lRteto SOLyStNg @BMpoBRIBAEcOMPAsiAg| #Wilicate-
solids content, typically 60 voI@bor | ower. Further,
POdiesPRAYI TS is cured at high tenper at ures,

15typically 135-175C. There has been increased concern

in recent years about the release of volatile solvents
Imthis specifidationp e termaisilicatemretsys ental gompduarceinnablichetha silicon
a need to reduce the volatile organic solvent content
glonears ey 64ite ogKgen fInas. Y 1o, 68ronH HEEIF- easy for

coati ng conp03|t|ons that have to be applied by spray,
roller or brush, and particularly not for coating
Aosimﬂie{modiﬁed\ka@ny hrasia isokrimevranoin &P 4dnti14 B3dd which discloses
rapi dl a ature - .such as coati. :
eSPpstioR &mbreng, 88" lPutcbriainGismEnt 800tk qgpaxy resin
le’dahr%lbﬂél% de%ﬂidiﬁbhéé’tior%&ﬁ@saﬂ@ﬁoPta'blédrga‘hol @Fé)@d%ln —ie.an
t hey reqU|re arelatively I ow viscosity
axsingelic ZpOoxyt I9sy compdsat hmdfglsgeb@r alkquawte t dhis composition

EeRly= Bt IR b SEEBEREE  henB oL EcERE Conéin. typicaly

ol mw F |WeghFuﬁhdr gihve dohfposeim L duleuvati 1sigasteimperatures,

artlcularl% ter pi gnentation. Low viscosity
EY@I' often require long curing tinmes to

devel op sati sf act ory nmechani cal properties, especially

when cured at | ow tenperature. WO

IB@ISU R4 BEERTICrERRED 860EEA6R réc@ntrynreirs iabgUuythe teldsse of volatile
w been found that silicate-nodif OXy . resjins can

%@V%T@d'nﬁfb the rainospPees: ¢ oqqr@@qe%a Y n@‘ E%rﬂ@ésb%%@s”eed to

Vdduelthg Vofiid 8%391@@&%1‘1@&)@%@%0%% éﬁéﬁloﬂgb*l'ﬁ%thas not

t enmper at ur es. e present 1 nvention r Iat s to a

bean ieagy donpoating composiiionsithgt baves tx bemppbieddue spraly, soller or

oo SALRUBHY T 658l BPBBER BRI ve apoiec
BYETR¥y rapianPat aﬁﬂjléhtct‘éﬁmé?fﬁttﬁé”mﬁﬁdﬁ b8 toadiMy rtSd)nfi‘posmons for
solids content of at |east 70 vol % and/or a vol atil

lrgrrataicturselite SNos) biisigesx beddingg, IBlIsyial. plaots,tands oil rigs,

PRSEeRenr Bl & FRPGD G SIRERYY oRBelsh FRBRE 17
Cpatihg abhpositidhelgemeeallyt ddtoaddRAMAl pBIgaidrité @baferlith-forming
t he epox;&ur esin. The reaction {}J)Loduct i S obtained b

PeReriien ﬁ@ny@@,um% ysechperds psle pf sufficient molecular\yvelght and
(7B fhie2 rrffneRy | d%x?%)uédo%ﬂ p?@%u a{?ﬁeﬁﬁ’é’% éﬁtBPUHdEBW-Vlscosﬂy

ncreased' tenperature ah ce 0
palyedeys;t hoa@vdesoﬁemeréqbeédvyngncmmrgﬁ tidedsaitd . develop satisfactory

mechanical properties, especially when cured at low temperature.
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The reaction product of the (partially condensed)
tetra-al koxyorthosilicate and the epoxy resin (further

WO edoenieds t 0 as: the silicate-nodified epoxy rBSI/EP2008060368

have such a | ow viscosity that an additional sol vent
IS not even required. 20Furthernore, the coating
conposition according to the invention has an extended
pot life. In the present specification, the terns
“high solids" and "high solidg content” refer to solid
contents of at least 70°)/0 by volunme (vor/o), nore
preferably at 25 least 80 vor/o, and nost preferably
8Lrdradsdly 8@ heeridv Jeareduns thB?sﬂleét@LmBﬁIﬂ@BtepSnytr'é%lns can be
coati ng conp05|t|on The maxi mum sol i ds cont ent
geedtafdrinulateugh koligseeoatingnc@Bpesitions withdastoturhg properties at
contqﬂt of the K%& sition can be determ ned in

SRR VPERIYER D 5201- 01. The
Vol atile Organic Content (VOC) of the coating
conposition preferably does 30not exceed 250 g/l and
hpstprrgsenteinyBnijon selatess ta RagoAng gPMPosItioR rEoMpRIising t& eeaction

Flog Y00 AORA DR ARPEHCEREORPLPAORARAA, bR SRIROSIddriEr hercor

["evel” can ‘be nea
aed @heafmyrreslhaﬁ)n?aﬂmlr@ @O XM Sro Vs, waimcdﬁ'ﬁy edmpo@ndw having
D 3960-02, above val ues refer to those of th

@&%ﬂ%@@”?&‘éﬂfﬁ@ leasthdOsvalvornd/peRclatile Ocr%”'e&&’ﬁi% (VOC) not

hd b as the formof a 2-pack conposition, they
t% gﬂéﬂS solids content and the VOC of the

conposition after m xi ng both packs. The
icate and the

7% £S5 o Ihepaling EokbeRRon 0 SohfiN ik [acion 035 and not

o s 0 AP S SABSS Mty oo 90

resdiepéhelgratijors reducids foimngdkpy reacting he ¢partiply hydrolysed)

RtH- GoortoliceRE BRA B oS sl e MeYe8eBeniidarure anc

frr i@ gresdyde ofd Bitalyspr &PiescricraBeddvlin nidratigtdiut yl ;
nore preferably, Ris ethyl. Exanples of suitable

t etra-al koxyort hosi | | cat es are

r .
T B B PR S hb AL Sonsnsg) i Alkaryengalicpte and
&tdeposy)meslpqmyﬂrérhr@feﬁedi ito adse,the silicate-modified epoxy resin) can
tetra but oxyorthosilic te and Eartlal

I
p8YS§ s &d |Vg‘ﬁ5%9§lt}’s at oy Red @”?héPlJ@Pt i3\ nRjseven required.
Pﬁﬁ@t’nﬁ&% t @l Roati EBQE llw'é Sid| Sucﬁ{ 'n"i‘v ﬁhon has an

i goneri Sed t 6tra- orthosi[icat
extemdedipat life. avai | abI e tet ra- et hoxyorthosili cat es
TES40 (ex Wacker) and Dynasil 40 (ex Degussa).
In the present specification, the terms “high solids” and “high solids content”
refer to solid contents of at least 70% by volume (vol%), more preferably at
least 80 vol%, and most preferably at least 85 vol%, based on the total weight
of the coating composition. The maximum solids content generally is not higher
than 95 vol%. The solids content of the composition can be determined in
accordance with ASTM standard D 5201-01.
The Volatile Organic Content (VOC) of the coating composition preferably does
not exceed 250 g/l and most preferably is less than 100 g/l solvent per litre of
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The epoxy resin containing hydroxyl groups that can be
used in the present 25 invention can be an aromatic or

wamoalipbat i c epoxy resin. Preferably, the epoRGI/EREN$1060368

is an aliphatic epoxy resin. Mre preferably, a blend

of one or nore aliphatic and one or nore aromatic

epoxy resins with hydroxyl groups is used.
Silicate-nodified aliphatic epoxy resins,

silicate-nodified blends of oge or nore aromatic and

one or nore aliphatic epoxy resins have a | ower

viscosity than 30silicate-nodified aromatic epoxy
fRSENPDOSIABE EThE MG 3é el R e Psklur&d alctsrdiiPty EPreference
2009/ 019296PCT/ EP2008/ 060368 4 resins, optionally in
o@titocha i nonunptiewitb ASTMestandardd? §960dZ i ed

ti 0 sl n e o faornmulate .. .
TS TRRyE Rl Pe B Y 47F b Sosffofipsiton. Hence, i
enesating Edrapesition hagd she atrine of aandask lcomiosiich, tHnrefer to the
silicate-nodified aromati c epoxy resins. 5The present

pelgsreanientang breoyY @Capfdbe compasdianeafigr mixigebety digcked

epoxy resins obtainabl e by deal coholisation

condensation of a tetra-al koxyorthosilicate and a
BhenetrafalKdxyorhesiticatetane el garéslilc cemtensedesiigatners thereof that

cont ai ni ng hydroxyl groups and_(ii) one or nore
) th@ngd%p?r@s‘ihﬁss”&Q%%'éﬁ‘?FﬂWéd RREXBIBAIN gré[gryesented by the
| es of aliphatic epoxy resins that contain

ydroxyl groups include hydrogenated bisphenol A epoxy
resins and pol ygl yci dyReDHfSi€ORj-@dh-Fydri c al cohol s

such as trimethyl ol propane triglycidyl ether,
pentaerythritol tetraglycidyl ether, dipentaerythritol
vkraglasehd lis fidependerassecld ©oral kyIhHd &4N8Fougdaving up
hexanedi ol diglycidyl ether. 15 Exanples of aromatic

tepo xarhassatoms ard -JHARY gronpsirand/n=420ups ar e

L33 BBOA LN B BT e BBle R et b e Bomsgerony.
bivd b/l aed Ememty/yq;epg gthglphenol s and hal oepoxi des

such as epichl orohydrin or p-nmnethyl epi chl or ohydri n.
Sui t abl e bi sphenol s can be 20 obtained by the reaction

CpYal -
EHRED DSHRan®! e RO ERARBlo Bl Jal TP Rinosiicate,
tete-efhbayontieosiliate o h etetnagpreporyoritersimahe n o netrabgopropoxyortho-
Sl i eLEOSIERS Bk S il oSt B piiosg foms

HBeGP R MESS brefERd NeY&-dIRGH oPRbE iBhteY i ﬁa?ﬁ@i‘éllw diopherised

secondary am he prior to Its reaction w
tedta-ethakydrixosiicaie s sliclt age . tHEhecarpmeycialtyui axdilabte dktra-ethoxy-

{ ' t ai ni d I [

LEeSh, TESUR OB U B BB o B
preferably 180 to 1,000 g/eq. 30 Wth an epoxy
equi val ent bel ow 180 g/ eq, the nunmber of hydrox

|
dhewroXybiesin YoNt2TNY QroEr dioa/ o@mwsuseg @ the present

8ffonf'shl et o aie of HAlarafE ieph@ufs th, ErasBBagy tne epoxy
Fesn s aird aﬂiEﬁatﬁceterp@xﬁll regirly aVibFe Piréfeestilg,. aVbleRdasf epexyr more

equi val ent hi gher than 5,000 g/eq, .the nunber of ,
alRNadiey@nd pBAY P akMatic APSYY fafis WHE shienad LhpuRm is used.

g\gil(c::%’hegﬁlo@iiffefdi SiBHatit oo reShs 28fcdtBShodRba I G BY one or more
aromatic and one or more aliphatic epoxy resins have a lower viscosity than
silicate-modified aromatic epoxy resins. Hence, silicate-modified aliphatic epoxy
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The silicate-nodified epoxy resin is obtainable by
deal cohol i sati on condensation of the (partially

whyapolagsed) tetra-al koxyorthosilicate and t heP@pBR2008/060368

resin containing hydroxyl groups. During the

deal cohol i sati on 10condensation, part or all of the

hydr oxyl groups of the epoxy resin react with

(partially hydrol ysed) tetra-al koxyorthosilicate. The

wei ght ratio of epoxy resin te

tetra-al koxyorthosilicate is preferably in the range

of 1:10 to 10:1, nore preferably 1:1 to 5:1.

RIsieraRlonally e EcthbiRaBbn alilkPBnedd o wiseodiliédte-modified aromatic
(partially hydrolysed) tetra- 15 al koxyorthosilicate

epoXyy desiRgl cgn o tihdorpuirie costing | ¢asgpositionse with a lower

2055 spd eldh, RaidneTRIBRCRTEN I & Rk VERS Hia st
trodifdlarofmaticeeixyassihei ¢ ratio is undesired, because
with an epoxy resin having on average nore than one

hoergrsentginyeptior thersfereualeot netates da| sliGademaedified epexy resins
i C el i

SE0 e AR B AhABtor RSBk ana o

blesd! dfi (Ngore ol nadrevaiphatib @pexiirgsingicontsining @yttoxy Wrdups and

not exhibit fast drying. The deal coholi sation

@gﬁ&ér%a{f‘?@na@%'@i %ﬁ?"ga{ﬁs'ﬁé GBI I MM EERYRSy, i n

the presence of a catalyst, a m xture of the epoxy

resin and the (partially 25 hydrol ysed)

Ezxamalad ladx pliphdims icpozat resinetthat adokdedn ohydoxiyl igrates include

i BqPirtegnaBehERnRaBaonhsring i PrBebikieRar & rRblvhydric
BRoRBRIJIRBad RindthPBRToEME BN didy| @MSerObeRRicRythtitdFtetraglycidyl
bonds, which have a better conpatibility with organic

piley.religeniaerytiuidi Itetraglyaidylbo rasigemn obgtanediolir diglycigybnether, and

' [ ! nce of a suitable catalyst, 30
E%ﬁ%ﬂer%g%cdﬁ?lglﬂjﬁ%g%ﬁégn t he hydroxyl groups of the epoxy
resin and the WD 2009/ 019296PCT/ EP2008/ 060368 6

orthosilicate takes place, as evidenced by changes in,
EXeMPISS\VRAFRANC eRPf rasies Biabepniaia ifydroxy! grups are bisphenol
I e . | ed .
EB76, S iR Ty DO Hblbocstie didfhengy cpory resins
phabe diangdrmyuthemeattiore beteedr bispherble angblcdloepoxides such as

tenperature preferably ranges from50C to 130C, npre
SP R GraArTy Lo BUnEBYEPRETo P RKIR B aCEHIRP e s DiSALEBPlE) Gan be
gg@%@ ;ﬁ?’?e&t’ii%t étwb@n%ﬁ?] &P 2fRH 3 nBNERE aldehydes or

st ant y anhydrous c lons in order to prevent
petopesndenbatdsonformattchyds, oficethldlenyde, acetone, acetophenone,

iR R B AR B ok SRS BBl BBl win o
perRNtdnand) thekin@ambreat dHeysit mord hgdirodindplescause ring

openi ng of "an epoxy ring. Exanples of such catal ysts
are metals like lithium sodium potassium rubidium

| . ' | i : L ont i ' : .
e el SRk e BT T BE R AT WO et Phadl Hinine prior
®itd Fatyion avithethieGtetrg @llkaxYorthosiitatel 5 cadm um and
manganese, their oxides, organic acid salts, halides,
or al koxi des. Organotitani um and organoti n conpounds

r l ¥ S#s. r d ;
SELOPHTIFER ARl e oPES], B HOPISOERT bRy groups is
pafpabhdabout 18de abaua byt g/exy chor@sprafenaesy, 1801dail1J000 g/eq.

wever be avoided, because they 20 m ght directl
DB oty BRONIRTL PP B D S8k Hie BB b groups able
pronot e unwant ed honopol yneri sati on reactions of the
epoxy groups.
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The resulting silicate-nodified epoxy resin my
contain sone unreacted epoxy resin and/ or unreacted

wo edvatabkoxyorthosilicate. The unreacted t et rBeT/RB2008/060368

al koxyorthosilicate can be converted to silica by

hydrol ysi s and condensation. To pronote the hydrol ysis

and condensation, a small anount of water may be added

to the silicate-nodified epoxy resin when used. WO

2009/ 019296PCT/ EP2008/ 060368 % A 1-pack composition
requires the epoxy resin to have been pre-reacted wth

a secondary amne prior to its reaction with the

{asddtallth th}édfé?ﬂa¥§l1%89<ydrﬁ‘fdsﬁ%b@wn)rBé“@c% sneat €o fﬁg\% Istifficient
noi sture curable. Hence, this conposition shou
bgrb@mgnwtwaeﬁ theeepoky mesist and. theAtetraralkrxyerthasdicatenWith an

Bl S Flere ighdt o, 30 o/, e AAPEL G RGOy RS win be

BECHgI? tiedt BROONde@BaLiIbIY Qvilt bel difficitedt corfast kanll fa&t gelation may
preferably free of bases or other conmpounds that can

Pecdt with the epoxy functionalities of the

silicate-nodified epoxy resin. It is particularly

preferred that pack 1 is free of am nes. Furthernore,

ﬂiaek Qll@dteuhddlﬂl@@e espdxyt arésinal Iis folsteinableToibgt udealcoholisation

"Substantially eof in thi eci fication

S@BHFaPJht I%%Ba' B}S%)%et%?@%{} Qhesiigale and the
t 0. 06 an abl S a

V\E % of R\?;\Q/a?er('%n\f\%r{rg H%%i Ieagﬁu\% Cl%rqu]gsatgﬁeeﬂ Beﬁlcéhollsatlon

cengaressdon, parttdrealﬂopzﬂw hydemxiyhgraupspokihe epoxymesdie react with

ny..curin en n s a curing agent for
&FE@@P ré\éqqﬂ@g ':?ﬁrﬁ'ngg @%éhmg'ﬁﬁﬁ resin curing agents,

Wﬁéxﬁéfﬁﬁterétw bNEp8YE RéSin t@%f#bh}lll%xy@k’chb@iﬂ]cé’t@e@t&referably in the
an édrl de curing agents, and pol ycarboxylic acid

@@m §0 wmwemeiaiablmé tie brlg agents being

Eﬁeeffsfﬂ‘b g rekBngl Aol eyt EIFAARY AR tetra-

am@szwrﬂmsmdalne tmhtnd gwgro@bglmshaégoﬁy ke $iek i 8ieerange of 2:1
enol resin curi n% ag ents are

npl f
Gnaden . meve Paleraly it th gammls 4696035 anemest aglerably in the
%e‘%t& XY %'1@? R 'sto@f@m@tﬁé r&lo B%ﬂ%ﬁg\rﬁ Bé‘ééi%% with an epoxy

S are d hyl'ene Triam ne,
tmm aaving,ort at/esragtahybmmapemneahydmxylo@mwprpi;rmléeule that could

SAirr ORSTHR FETING 1 BHECTCLEORE. A BHBRyParders Dossible to
Qéé"ﬂmeexcésé” (9" ﬁ&%’@x&l"%fb@h)%‘: FQ“ ?ro%&%g%t mele high

pl perazi ne, enyl

Yisgosityi amd wouRi 13ot-ekihdbihfast drypﬂrganyl mst hane,

di am nodi phenyl sul fone, and adducts of any of these
am nes. Such 30adducts can be prepared by reaction of

The draldopowstibracsitidnahtion Feagiohv@n MOperformed by heating, in the
2009/ 019296PCT/ EP2008/ 060368 8 compound such as”an

piasenceeef ra catalyshi Al mlétutfteOft fiRe f eR@XYarfEsie @@dtéfm (partially

RlrblBefioi e A0eR onii e, BRI RPERORes “Sove very

I dicbyhpatibility with organic polymers and will phase separate when mixed
therewith. This is in contrast to silanes containing one or more Si-C bonds,
which have a better compatibility with organic polymers and readily form
homogenous mixtures. Upon heating in the presence of a suitable catalyst,
some reaction between the hydroxyl groups of the epoxy resin and the
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Exanpl es of pol ycarboxylic acid curing agents include
pht hal i ¢ anhydride, 5 tetrahydrophthalic anhydride,

worediobpiwed r ahydr opht hal i ¢ anhydri de, 3, 6- PCT/EP2008/060368

endonet hyl enet et r ahydr opht hal i ¢ anhydri de,

hexachl or oendonet hyl enet et r ahydr opht hal i ¢ anhydri de,

and net hyl - 3, 6- endonet hyl enet et r ahydr opht hal i c

anhydri de. 10 The anmount of curing agent present in

the 2-pack coating conpositiop is preferably such that

the equivalent ratio of the functional groups having

active hydrogen in the curing agent to the epoxy

Sftl%@ﬁcéié ték& g!alc ecas %\/TH&WC@U% &P&?@ésrlﬁ%hé 'HSNRAL WBBAtrum of
about O. I'n addition,” the 2-pack coating

thamzmyt reenn w@thedﬁﬁeﬁm piceeds) theaniseibility of the two components

RGBS T P AP Efalh P 4 SEGlE e idMBLSRok iR

1, 8-di aza- bi cycl o[ 5. 4. 0] undec- 7- ene, trlethylene
d| am ne, benzyl di net hyl am ne, triethanol am n
ah%fq@qtlgm heyapaEae, pegferably ranges from 50°C to 130°C, more

érréfér%% ﬁéﬁé&@[ﬂ ﬁ‘?@? hﬁ%@éﬁ:@ﬁh is R]FEJQ W ESndudt&d for about 1 to

ﬁb@thte‘rﬁ/heleirsraﬂdwmden si@stdrel,allwadhydriwptmeﬁwnsnm dedar to;prevent

ani hi nes Ilke trlbut hosphi ne,
Pr% ﬁ9n<§¢r%@@95|reg HTige tetra-g 5?“'@&%@%%&
di phenyl phosphi ne, and phenyl phosphi ne; nonyl
phenol ; salicylic acid; diazabycyclo octane; calcium
Suttalalee. caralystsc cir erthisor déalcqpiadisatiam| ycondedsatioranreaction are

t 2brelative to

BeigPalekgavRoraBRetS ok B i atse i Bpsh s Phan epoxy
fiRG. E‘)‘(ﬁﬁl‘pfesabf-’rsu@ﬁ%é?ﬁly@fseél%nﬁ'netﬁlspm@‘ Ilﬂquﬁrﬁoﬁbéldm NPotassium,
the silicate-nodif €poxy resin) pac
(ubisht e, néaggiume rraagriangra,gga[c)um tmrlum strontlum zmc aluminium,

R RReR TR0 SE e el OBy 2sF @R e, boron,

cadvéliuinh Orshdt mnang?1 I BReic aidel) bRgahit Oaaa I@@ugs halides, or
even w thout such a cat al yst, but a cataly

EU(@K@'ﬁﬁe@rgén@li't@B'Uén fodsh @FQ&E@F'B C%EO@WF% Qgelyegred catalysts.
I f S

E0k Y80l Pl S SOHSRY, alyer ORI LA Wi

somboasdsa titani um bi s(acetyl acetonate) di al kOXI de

.g., titanium pis(ac | acet onate) dii soprop

Bafa sl ios (HEB Snaor abe, SPAPLOReEr BS ot dpscrvse they
e cRitat | r

ﬂirgtng'f'%%ﬁﬁgéé&ﬁt\gﬁgtt@e gpbﬁf’@g&%lcﬂfn th@'ep®Xy resin or promote
bhwantedetdraopdlgmenisption reamioop o tieepaxy gnoups.
al koxyti tani um conmpound which is not 10 a chel ate such
as tetra(isopropyl) titanate or tetrabutyl titanate.
e hesiiting isiiPat FRINMAS e SOR) A Rethyabdsih 6raERMreacted epoxy
bonded to the titanium may not act ‘as catal ysts al one,

Easiit e aniéon | uardagiadl keika-alkogyeiiposikcaiodr dhpsabnicagied  tetra-

Bt i o SR slsh i BYRRT BRE e RRsation.

Toigbhrete ittie hi@rotyie dndwupdehtatish, Egmzé amount of water may be
15advant ageous i n giving even higher heat stability.

Frided {q e sibeale fied eRaxy gsin |us&fle used at 0.1
to 5% by wei ght of the binder. Correspondi ng al koxi de
conmpounds of zirconiumor alum niumare also useful as
Thé aopsing .cofpaitiosr acddrdiagcatthe ysesémrinEntionSmay have the form
C ﬂens tion_is nltrate of a polyvalent netal ion
QLR 1 -RECk-Q| & PIRATKi GAMRASIGhgnesi um nitrate, al um ni um
nitrate, zinc nitrate, or 20 strontiumnitrate.
Calciumnitrate is an effective catalyst for curing a
silicate by Si-O Si condensati on when the conposition
al so includes an organic amne. The calciumnitrate is
preferably used in its tetrahydrate form but other
hydrat ed forrrs can be used The IeveI of cal ci um

. T T o o o L, T
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Anot her exanple of a suitable catalyst is an organotin
conpound, for exanple a dialkyltin dicarboxylate such

wa@soodiomabe/l tin dilaurate or dibutyltin di acet aP@r/ER00$1060368

an organotin catalyst can for exanple be used at 0.05

to 3% by wei ght, based 30on the wei ght of the
silicate-nodified epoxy resin. WO

2009/ 019296PCT/ EP2008/ 060368 10 O her compounds

effective as catalysts in thezcoating conpositions of

the invention are organic salts, such as carboxyl at es,

of bismuth, for exanple bisnmuth tris(neodecanoate).

Ar0paEk céﬁido%rt@ﬂdr/e%wéi‘ﬂ*r@bﬁéx;pfes% 'ﬂ@haV@'b@bﬁ p?réfraaé‘t%d with a
zinc, alumnium zirconium tin, calcium cob , or
secanetaryiramingr prier eRraftpl reaz:tlor@oWItrmmhecé@qrtlald;etrwnimlwed) tetra-

BRI Slen 200 FERRELE G N8, BonBhy g bRbSrion shouid be

aGISstahidl Bt fesmbemodliel. um acet at e, cal ci um
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A-type epoxy resins containing hydroxyl groups with a
partially condensed tetra-al koxyorthosilicate, in the
presence of a catalyst. A partially condensed

tetra-al koxyorthosilicate (TES40) (119.88 g),

tetra-n-butyl 10 titanate (0960 g), and two aromatic

Bi sphenol A epoxy resins containing hydroxyl groups -

DER 331 (376.74g; a solvent-free liquid resin) and
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Se@Ssmndﬂnsatlmawmn]Ihe composmon also includes an organic amine. The
calcium nitrate is preferably used in its tetrahydrate form, but other hydrated
forms can be used. The level of calcium nitrate catalyst required generally is not
more than 3% by weight of the binder, for example 0.05 to 3% by weight.
Coatings cured using calcium nitrate catalyst are especially resistant to
yellowing on exposure to sunlight.

Another example of a suitable catalyst is an organotin compound, for example a
dialkyltin dicarboxylate such as dibutyltin dilaurate or dibutyltin diacetate. Such
an organotin catalyst can for example be used at 0.05 to 3% by weight, based

on the weight of the silicate-modified epoxy resin.
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Other compounds effective as catalysts in the coating compositions of the
invention are organic salts, such as carboxylates, of bismuth, for example
bismuth tris(neodecanoate). Organic salts and/or chelates of other metals
such as zinc, aluminium, zirconium, tin, calcium, cobalt, or strontium, for
example zirconium acetylacetonate, zinc acetate, zinc acetylacetonate, zinc
octoate, stannous octoate, stannous oxalate, calcium acetylacetonate, calcium
acetate, calcium  2-ethylnexanoate, cobalt naphthenate, calcium
dodecylbenzene sulphonate, or aluminium acetate, may also be effective as

catalysts.

The coating composition of the invention may contain one or more further
ingredients. It may contain solvents, provided that the solids content is at least
70 vol%. It may also contain one or more pigments, for example titanium
dioxide (white pigment), coloured pigments such as yellow or red iron oxide or a
phthalocyanine pigment and/or one or more strengthening pigments such as
micaceous iron oxide or crystalline silica and/or one or more anticorrosive
pigments such as metallic zinc, zinc phosphate, wollastonite or a chromate,
molybdate or phosphonate and/or a filler pigment such as barytes, talc or
calcium carbonate. The composition may also contain one or more thickening
agents such as fine-particle silica, bentonite clay, hydrogenated castor oil, or
polyamide wax, one or more plasticisers, pigment dispersants, stabilisers,
mould releasing agents, surface modifiers, fire retardants, antibacterial agents,

antimoulds, levelling agents, and antifoaming agents, etc.

The coating composition of the invention generally cures at ambient
temperatures or even lower, for example -5 to 30°C, and is thus suitable for
application to large structures where heat-curing is impractical. The coating
composition of the invention alternatively may be cured at elevated
temperatures, for example from 30 or 50°C up to 100 or 130°C, if so desired.
The hydrolysis of silicon-bonded alkoxy groups depends on the presence of
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moisture: in almost all climates atmospheric moisture is sufficient, but a
controlled amount of moisture may need to be added to the coating when curing
at sub-ambient temperature or when curing in very low humidity (desert)
locations. The water is preferably packaged separately from any compound or

polymer containing silicon-bonded alkoxy groups.

The coating composition of the invention can be used as finish coatings and/or
primer coatings. Coating compositions containing a relatively high proportion of
silicates have a high gloss which is retained remarkably well on weathering and
UV exposure. They are particularly suitable for coating substrates which are
exposed to the weather, e.g. sunlight, for long periods before recoating. The
highest levels of gloss may be achieved if the coating composition includes an
organic solvent (thinner) such as xylene, although use of solvent is not
generally necessary in the coating compositions of the invention. The coating
composition may contain an alcohol, e.g. ethanol or butanol, preferably
packaged in pack 1, to extend pot life and control initial speed of curing. A finish
coating according to the invention can be applied over various primer coatings,
for example inorganic zinc silicate or organic zinc-rich silicate primers and
organic, e.g. epoxy resin, primers containing zinc metal, corrosion-inhibiting
pigments, metal flakes, or barrier pigments. The coating composition of the
invention has particularly good adhesion to inorganic zinc silicate coatings
without needing an intermediate tie coat or mist coat. A finish coating
composition of the invention can also be applied directly over aluminium or zinc
"metal spray" coatings, in which case it acts as a sealer as well as a top coat, or
over galvanised steel, stainless steel, aluminium, or plastics surfaces such as
glass fibre reinforced polyester or a polyester gel coat. The coating composition
can for example be used as a finish coating on buildings, steel structures,
automobiles, aircraft and other vehicles, and general industrial machinery and

fitments. The finish coating can be pigmented or it can be a clear
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(non-pigmented) coat, particularly on cars or yachts. The coating composition
can be applied directly to prepared carbon steel as a primer/finish.

The coating composition of the invention alternatively can be used as a
protective primer coating, particularly on steel surfaces, for example bridges,
pipelines, industrial plants or buildings, oil and gas installations, or ships. For
this use it is generally pigmented with anticorrosive pigments. It may for
example be pigmented with zinc dust; coating compositions according to the
invention have a similar anticorrosive performance to known zinc silicate
coatings but are less liable to mud-cracking and can be readily overcoated, for
example with a finish coat according to the present invention. Primer coating
compositions according to the invention can be used as maintenance and
repair coatings on less than perfect surfaces such as aged blasted steel or
"ginger" (steel which has been blasted and has started to rust in small spots),
hand-prepared weathered steel, and aged coatings.

As well as having outstanding resistance to UV weathering, the coatings
produced from the composition of the invention have good flexibility and
adhesion to most surfaces and have high heat resistance, up to 150°C and
usually up to 200°C.

In addition, it should be noted that instead of the tetra-alkoxyorthosilicates, other
moisture-reactive species such as titanates can be used to modify the epoxy

resins.
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SN RRIRA 985 g) e ou
titnptel 5PGCd gl reeld  tWabhleorRatix ddippleenol A epoxy resins containing
hydroxyl groups - DER 331 (376.74g; a solvent-free liquid resin) and Epikote
836-X-80 (102.78g; a semi-solid resin containing 20 wt% of xylene) - were
charged to a 700 ml reaction flask fitted with a stirrer, a condenser, a
thermocouple, and a N2 sparge. The reaction flask was purged with nitrogen for
15 minutes and the reactants were subsequently heated to 100°C. The reaction
temperature was maintained at 100°C for 3 hours before the reaction product
was cooled to 40°C and discharged.

It was observed that the reactants were initially incompatible with each other.
However, after 30 minutes at 100°C, the vessel contained a clear, homogenous,
and mobile liquid. The viscosity of the resulting liquid was measured to be 12
poise at 25°C using a Sheen cone and plate viscometer, in accordance with
ASTM standard D 4287-00. The solids content, i.e. the non-volatile content, of
the liquid ranged between 90 and 92 wt%. The amount of xylene in the liquid
was about 3.5 wt%; the amount of ethanol (formed during the reaction) about
1.8 wt%. The remaining non-volatile material was the unreacted volatile

component of the silicate.

The viscosities of the starting epoxy resins were (according to their
specifications) 110-140 poise for DER 331 and 31-47 poise for Epikote 836-X-
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80. This demonstrates that silicate-modified epoxy resins have significantly

lower viscosities than unmodified epoxy resins.

Examples 2-9

Silicate-modified epoxy resins were prepared according to Example 1. Four

different epoxy resins containing hydroxyl groups were used: two Bisphenol A-
type aromatic ones (DER 331 and DER 660-X-80) and two aliphatic ones
(hexanediol diglycidyl ether (HDDGE) and hydrogenated Bisphenol A diglycidyl

ether (Eponex 1510)). The compositions are further specified in Table 1. This

Table also displays the viscosity of the resulting resin compositions.
Table 1
Example | Wt% | Wt% Wit% Wit% Wit% Viscosity | Solids
TES40 | DER660- | DER331 | HDDGE | Eponex | (Poise) | content
X-80 1510 (Wt%)
2 30.0 15.0 55.0 7.1 -
3 20.0 17.2 62.8 12.0 90.48
4 30.0 40.0 30.0 0.57 86.81
5 25.0 50.0 25.0 1.4 90.50
6 40.0 60.0 6.0 77.88
7 30.0 50.0 20.0 1.2 89.10
8 20.0 80.0 3.4 94.68
9 20.0 20.0 60.0 1.2 91.38

It is clear from these Examples that it is possible to produce epoxy silicates

which have exceedingly low viscosities, without added solvents. The best

results are obtained when using aliphatic epoxy resins or blends of aliphatic and

aromatic epoxy resins.
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Examples 10-19

The silicate-modified epoxy resins of Examples 3-9 and some additional ones
(prepared from the epoxy resins depicted in Table 2 according to the method of
Example 1) were mixed with a cycloaliphatic amine curing agent. In all
Examples, the same curing agent was used, which was formulated such that
the ratio of epoxy groups to active hydrogens was 1:1. A tertiary amine catalyst,
DBU (1,8-diaza-bicyclo[5.4.0Jundec-7-ene), was added at a constant mole ratio.
The resulting coating compositions were applied onto a surface. They cured
rapidly at low temperature. The VOC of all these coating compositions was
below 250 g/l and the solids content above 70 vol%.

The mix viscosities and the cure time at 10°C are tabulated in Table 2. The mix
viscosity at 25°C is reported in poise. The cure time is defined as the time to
achieve stage lll as described in ASTM D 5895-03; this is equivalent to the “Dry
Hard Time”.

Table 2
Example| Epoxy resin | epoxy | curing |catalyst| Solids mix  |cure time
resin (g) |agent (g)| (9) content |viscosity| (hrs)
(vol%) | (poise)
10 DER 331 18.7 8.30 0.50 106.2 6
Epikote 836-

11 X-80 31.2 8.30 0.50 82.8 134.2 13
12 Eponex 1510 | 22.4 8.30 0.50 32.0 12
13 HDDGE 14.9 8.30 0.50 1.9 18
14 Example 3 26.79 8.30 0.50 97.1 29.3 2
15 Example 5 | 23.11 8.30 0.50 4.6 1
16 Example 6 66.23 8.30 0.50 88.35 12.3 1
17 Example 7 | 25.06 8.30 0.50 4.2 1
18 Example 8 | 28.00 8.30 0.50 8.0 1
19 Example 9 24.87 8.30 0.50 3.9 3.5
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Example 20
The pot life of the coating composition of Example 14 was determined

according to 1ISO 9514:1992, by measuring the increase in viscosity of the
composition as a function of time. The pot life is exceeded once the viscosity of
the mixture is greater than that which will allow spray application. The viscosity
was measured at 25°C in accordance with ASTM standard D 4287-00, using a
Sheen cone and plate viscometer.

The pot life of this coating composition was 1.5-2 hrs.

Example 21

A single pack silicate-modified epoxy resin was prepared by first pre-reacting an
aromatic Bisphenol A-type epoxy resin containing hydroxyl groups - DER 331,
(374.0 g) - with a stoichiometric amount of dibutylamine (258.0 g) by (i) adding
the epoxy resin to a 700 ml reaction flask fitted with a stirrer, condenser,
thermocouple, and N2 sparge, (ii) raising the temperature to 100°C, (iii) adding
dibutylamine over a period of three hours, and (iv) cooling the reaction product
to 40°C.

The resulting DER331-dibutylamine adduct (210.7 g), a partially condensed
tetra-ethoxyorthosilicate - TES40 (217.0 g) - and a tetra-n-butyl titanate catalyst
(0.40 g) were charged to a 700 ml reaction flask fitted with a stirrer, condenser,
thermocouple, and N2 sparge. The mixture was heated to 100°C, maintained at
this temperature for 3 hours, and then cooled to 40°C, after which the reaction
product was discharged.

The reactants were initially incompatible with each other. However, after 30
minutes at 100°C, the vessel contained a clear liquid. The resulting material
was a clear, homogenous, mobile liquid with a viscosity of 6.6 poise at 25°C.

A sample of the resulting material, with no further curing agent or catalyst, was

cast onto a glass panel and its cure time (Stage Ill) was measured in
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accordance with ASTM D 5895-03, which is equivalent to the “Dry Hard Time”.
A drying time of 2 hours 45 minutes was recorded at 10°C.
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Exanple 20 The pot life of the coating conposition of

wax@aplesdd was determ ned according to | SO 958AT/LPBRS/060368

by nmeasuring the increase in viscosity of the
conposition as a function of tinme. The pot life is
exceeded once the viscosity of 5 the mxture is
greater than that which will allow spray application
The viscosity was neasured at1®25C i n accordance with
ASTM st andard D 4287-00, using a Sheen cone and plate
vi sconeter. The pot |ife of this coating conposition
WRAIMSS-2 hrs. 10 Exanple 21 A single pack
silicate-nodified epoxy resin was prepared by first
pre-reacting an aronmatic Bi sphenol A-type epoxy re3|n

1 G g Srat PPy, diefBTsing s dReelo sbtbdicy; ofy'd' tetra-

(1 )alksigortiotiNeatepexy gartally Eondenéed mgorneacltiheﬁébfféraﬁ kn epoxy
fitted with a stirrer, condenser, 15 thernocouple,

andesid epHpGag de'PXng@H@Q sai @@@iﬂ@r gempesitign 1*’0?0’@19 a solids
(i d t h

hosehetinel B (o2 RRLACRRURE £ BB erient bdiign (vOC) not
Theexceedingi 259 GER331- di but yl am ne adduct (210.7 g), a
partially condensed 20 tetra-ethoxyorthosilicate -

TES40 (217.0 g) - and a tetra-n-butyl titanate

at ; .
SO (i YEEGORALRSE B O i 5021460 containing
andyNPoxpharaqs ihan atiphiatic epasyg réssat ed to 100C,

mai ntai ned at this tenperature for 3 hours, and then
cooled to 40C, after which the reaction product was

di Wfr@eébmﬁés-rf@w BESSTHAY 1 MEINE1 iwHdrEm! thi epoxy resin containing

i nconpat’i bl e wi th each other. However, after
m Mwyétgrmwos a hiengegkene opmeteraiphatie lepaxy Iregjns ¢ontaining

) O TobP Sl PSR BRI Fcony
bd@@ce with ASTM D 5895-03, which is equivalent to

the 'Dry Hard Tine". A drying tinme of 2 hours 45
m nutes was recorded at 10C.

4. Silicate-modified epoxy resin obtainable by dealcoholisation condensation of
a tetra-alkoxyorthosilicate or a partially condensed oligomer thereof and an

aliphatic epoxy resin which contains hydroxyl groups.

5. Silicate-modified epoxy resin obtainable by dealcoholisation condensation of
a tetra-alkoxysilicate or a partially condensed oligomer thereof and a blend
of one or more aliphatic epoxy resins containing hydroxyl groups and one or

more aromatic epoxy resins containing hydroxyl groups.

6. Process for the preparation of a silicate-modified epoxy resin according to
claim 4 or 5 by heating, in the presence of a catalyst, a mixture of the tetra-
alkoxyorthosilicate or a partially condensed oligomer thereof with the

aliphatic epoxy resin containing hydroxyl groups or with the blend of one or
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WO 2009/ 019296PCT/ EP2008/ 060368 18 CLAI M5 1. Coati ng
conposition conprising the reaction product of a

wo edvas2boxyort hosilicate or a partially condePSEHEP2008/060368

ol i gomer thereof and an epoxy 5 resin containing

hydr oxyl groups, said coating conposition having a

solids content of at |east 70 vol % and/or a volatile
organi c content (VOC) not exceeding 250 g/l. 2.
Coati ng conposition accordingigo claim21 wherein the

epoxy resin containing 10hydroxyl groups is an

al i phatic epoxy resin. 3. Coating conposition

acGRbE BEPRACCERXY) tedRe @ntaihin® BRA¥YYI' §®IUPs and one or more
cont ai ni ng hydroxyl groups is a"blend of “one or nore

al igromnatic epeEy yesies castayting aydioxyl grpdirsxyl groups and

one or nobre aromati c epoxy resins containing hydroxyl
15groups. 4. Silicate-nodified epoxy resin obtainable

by Wkalot ahel dilsaite PRodifedl PRy i reBirobf &laims 4 and 5 for coating a
tetra-al koxyorthosilicate or a partially condensed

ol iSy6FEAte her eof and an al i phatic epoxy resin which
cont ai ns hydroxyl groups. 5. Silicate-nodified

epoxy resin obtainable by deal coholisation

8orRenssd farncaxdting 4 eubstraiekcoryiprisingahe stepsiop i) tapplyling on the
condensed ol i gonmer thereof and a blend of one or nor N
al iSHREIREE 850RYNY COMROSHGR: AEGArHGIHY A Yxgne 8?8'@&’3 éﬁg’ and (ii)
one. O ; ki€ eshns cont ai ni ng hydr oxyl
grgﬁgggqgé%Bﬁggggééﬁgfagﬁéoggégaration of a
silicate-nodified epoxy resin according to claim4 or

J; HraBSeeprdclb i e & FhERiS cufing ™ Bernef o o lefberature
congens pthgdl basnsrageber eof with the aliphatic epoxy

resin containing hydroxyl groups or with the blend of
one or WD 2009/ 019296PCT/ EP2008/ 060368 19 nore

ISRl B R eBT R LB BRI & 6 oy

groups. 7. Use of the silicate-nodified epoxy resin
of clains 4 and 5 for coating a 5substrate. 8. Process
for coating a substrate conprising the steps of (i)
appl ying on the substrate a coating conposition
according to any one of clains 1-3, and (ii) curing
the applied coating conposition. 9. Process according
to claim8 wherein curing is perforned at a
tenperature in the range of -5 to 30C. 10. Coated
substrate obtai nable by the process of claim8 or 9.



