1 Aqueous corrosion protection formulation based on silanes The present invention relates to a new
anti-corrosion formulation based on an aqueous silane system as binder, to a process for preparing it
and to the use thereof 5for coatings, more particularly for protecting metals from corrosion. Interest is
increasingly being focussed on agueous silane systems, since they contain less or no organic solvent
and therefore are more eco frrendl . e sys ems furthermore, can be employed without explosion
preventidAHE HLRIAEEHS : P HH ekable simply by mixing silanes
with Water since many silanes are insoluble in the agueous phase and undergo hydrolysis and
condensation on %%Qtr%(\:/t Yw\lt}th\r/e r. In cgrr%%ogngoggi[oésitheqefr%e it.is usto H): to use silane
systems wi % organic solvents 2ha %ett?le SSUNts of water. olf irotr(‘) Mo ER/ e propertles of the
silane systgmstanditmentystwe teblbderrtsioprosss{ahpyecantieifeamddatbe with hedives,

i nt T repar il s is described in EP 0 590
g;}()n})? hg %%\%Iiﬁgﬁegﬁ%%%%%‘/ﬂg ﬁ?ﬁvgrc %%Iw tgr]ogr}%Br%a rl?lége%%wrth a corresponding amount
of water and subjected to initial hydrolysis at 60 C. These 20products are subsequently soluble in

water. Digadvantages eaaie feing e Rctierel larganifselsais AnddheAgrariated low flash

point. DE 103 35 178 likewise describes the preparation of water-soluble silane systems, an example

being a rAAFE 6 S ARG RIREYABRA GBI XSHRERIMANES/AYIROBY)ARRTE. The silane
mixture iggubiastadindriialddiolsis defineslamqupsiohwateedderergain-bowever, the

silane mixture contains 25% to 99.99% alcohol and is therefore not VOC-free. US 5,051,129 claims

the Cbmpodilsh BAAFCHGRIBNE SERIFBIS RCAPL ARERAAI SORNEY. SBRIBR HRfissitiRe and an

alkyltrralkoawImétmﬂreﬂar@eblaredrbamaelaﬂﬂ@@neuag Phwedesia thef@rl@@e mixture, followed
by heat t ea%tl &e/nt at6 he sjlane mrxth re ared in E%s way is drssolv Ew ter, in a specific
proportio A RTER ?8 %%?? été’."ré%B@ “gﬁ Fcds o3 Ei‘ﬁ“ﬁé“{ Sime \ﬁ’/atter based,
organopaﬂysﬂe»canergzmtmmrsgarmmeﬁms;rtbrmgssesstum@mﬁ)anngiﬁmeﬁamdmshﬂreof Mixing
water-so amin IaI th aIkyI ialka S|Iane and/or di Ik ialkoxysilanes and
adding w‘g ergatni i |l§ rﬁ% uc S §mt§5’srgﬁrs conrtaerr? Sgeonggaarl%po ysq%xane%erhe hydrolysis
alcdhol f@nﬁ@dlmtrem@mé,dﬁb?ydtsmbadntr@da@mtaéhtlww@@#re@raqum fétysiloxane-containing
compositions are obtained, which can be used to impart water repellency to surfaces and mineral

building materials, and for other applications. 10WO 2000/39177 describes the use of bis-silylaminos
lanes and/e® BI&PsiiphlaupHanes b iaedusrstystionsnahis sikgrebaddninte8 &t %dter, an alcohol

and optiofgdly ateleiaricsand mydrolysahiaratdeant 241008 tiRis 1QlPwed by application to

metals.
corresponding amount of water and subjected to initial hydrolysis at 60 °C. These

20 products are subsequently soluble in water. Disadvantages continue to be the high

level of organic solvents and the associated low flash point.

DE 103 35 178 likewise describes the preparation of water-soluble silane systems,
an example being a mixture of 3-aminopropyltrialkoxysilane and

25  bis{trialkoxysilylpropyl)amine. The silane mixture is subjected to initial hydrolysis with
a defined amount of water. Here again, however, the silane mixture contains 25% to
99.99% alcohol and is therefore not VOC-free.

US 5,051,129 claims the composition of an agueous solution which consists of a

30 water-soluble aminosilane and an alkyltrialkoxysilane. It is prepared by adding a
defined amount of water to the silane mixture, followed by heat treatment at 60 °C.
The silane mixture prepared in this way is dissolved in water, in a specific proportion,

and is used 1o impart water repeliency to surfaces.



15US 6,955,728 describes the use of acetoxysilanes in combination with other silanes in aqueous
solutions and the application to metals. The systems used include bis(trialkoxysilylpropyl)amines in
combination with acetoxysilanes. Nothing is said about the stability of the aqueous solutions; a
2-component system is recommended, with unification not until prior to use. The aqueous solutions
always in% d ée 20the hydrolysis alcohol. WO 2004/076717 uses bis-silylaminosilanes in
Combimath it B SIS A S AP R BRI TR o e DN S e are
subjectedpt@ pastiak Hydpobsisiby tgemgridat|dastaiveipkagnageesoisisiencentrates. Then a metal
25 chelatea rl% r?éjé\ﬁdn qu thSe|i Sﬁl{gte\m hs q'luﬁerzd| uor;t(h%ri e‘{‘;’qi}ehsvélﬁgﬁ&l\éliofﬁq\éerr all agueous formulations
still contaifi the alcbRol From the ydtro@/s?é. e agueous systems & us%g%yspr%?r%séﬁ‘ﬁg metal
surfaces. S8WAMROG4E7 6T 28 ediatelspid armbthes donthestivaimgarttaimmelalligasuniades iskanan
30agreo i ' ' i I 26l silan is- sibaminosilane, for
examgple,ﬁ%ﬁ%ﬂ%‘%%’%ﬁgﬁ@%ﬁ g:l, r?:\éﬁ%r%?ﬁﬁ%gsﬁ%ﬁ é% U%%%gaﬁﬁﬁiﬂ%ﬁg%ing silane
enhancesticefidte PRARIRMEEE 15 8 Do reosinY sEKiBtaAte Wt theccb atitighsgsteht Terchipdrolysis

alcohol isippf-remausd Rmmdhe, ¥LEMse3 M w8 28R AeneriberiiaPranaralian,apd use of

water-based adducts of an epoxysilane and an aminosilane. The aqueous silane systems are not
solvent-fréBP&{PARe used for metal coating and are said to enhance the corrosion resistance. 5 EP 1
760 128 claims an aqueous two-component adhesion promoter composition and also the use thereof
for adhesjye _bonding or sealing. One component present in the adhesion promoter may be a

bis-SiiylanfRGHIEIT H'HETD8B% 05639 tois M5 BERIRE L ARE RARSEomposites prepared from
glycidyloxyinrppijalkphysianaesand aguesiussiica solsinbe peaarse aita aatalysin Enechaueous
systems are virtually solvent-free and are suitable for metal cgatings. A disadvantage gre the high
crosslinkiﬁa eorﬁ%%%ﬁdrgg%t%ﬂ%q@bﬁ@%@%&g 8&%&?@3 th(gifr('ﬂ‘ u Eﬁtfér@]ﬁ&g %Q}gf an
anti-corrosjgricaiatimipforetteéel. The water-based formulation comprises waterglass as binder and as
pigments zinc, iron phyllosilicates, and also further fillers. The formulations described are said to

provide excellent corrosion control in film thicknesses of 15 to 25 pm. 20EP 1 191 075 teaches a
watdbbadéd twbbofdpslemaribysidm forcaniticcetrogivinoeatingembisiea nTrithfotieosipoaent

comprises afei BMABALIHAKONSIRAAN A A0 SREXUSLATG AICLEQPElElve pigments. The

second component consists of zinc powder. The completed mixture Is said to allow a processing life of

16 hours.brH{E alkeXBsrdpromid RytFsTy s G siianeiiB Sastrerabvees dvetiiegds sedtis 25system

was appligddo: gheRehfilet thickngas @ 23iRBnEhe seRteddnelal Shests shewssh e casgsion after
7 months of outdoor weat enggg WO 2000/46311 describes the treatment of metal substratés with a

formulatioh CoBHaHE N AiBG5RERE [ FRBIENG I STaIRe dhaddiee Awaye YirlHEe atdemst partly
20  the hydrolysis alcohol.

WO 2004/076717 uses bis-silylaminosilanes in combination with other silanes and
with a metal chelate in aqueous solutions. The silanes are subjected to partial
hydrolysis by ageing for at least 2 weeks in agueous concentrates. Then a metal

25 chelate is added and the system is diluted further with water. Moreover, all aqueocus
formulations still contain the aicohol from the hydrolysis. The aqueous systems are

used for pretreating metal surfaces.

WO 2004/076718 relates to a method for the coating of a metallic surface using an
30  aqueous solution which comprises a partially hydrolysed silane such as bis-
silylaminosilane, for example, and a partially hydrolysed, fluorine-containing silane.
Using the fluorine-containing silane enhances the water repellency and the corrosion
resistance of the coaling system. The hydrolysis alcohol is not removed from the

systems.



30hydrolysed and then formulated. The hydrolysis alcohol is not removed, and the formulation is used
without pigments. 4 dust. The dry film thickness of the coating is approximately 15 to 25 pm. The
abrasion resistance and the processing life were agcertained. WO 2003/022940 describes an
anti-corrosion system consisting of an aqueous silica 5sol, optionally an organic resin, zinc dust and
further additives. The systems are characterized by the abrasion resistance and the pencil hardness.
WO 2006/079516 relates to an aqueous binder and coating material based on an aminoalkylsilane and

a formylaini 62066 tesgyritien & aespeatividy, and adecodwaarbapedysiineslofaR 1 191 075 B,
the binder is based on ag aminoalg%illlalggx;@ilane and an. eﬁox - functional al oxx/sil and on a

well-defined ATode of Spepgrrla 10N, The'toa m% THatenal aﬁ'éic Ssélgt 1Breft Wi St %gée(jn the basis

of the bindéewiheadgiitidnrofnespigostng aimd lacdi reg icoioderhizeqel gneeriis;canth addititresca/VO 99/14277
descgbes an agueous primer composition which consists of a reactive resin (dispersion), an
organofunctional silane (amino- or epoxysilane; no bissilylsilanes) and a curing reagent. Adhesive
bonds onfriefal 80bstFatéditre e aaviee 2o tMe-pamBpeXNiIsitheRoHor BwEeTRhpPPaihBaring test in

combinatigniniifiaR e ERIB: W dRRSI3BEAGi Serikes msirdaf tisrting raetalsHrfaces. The

method involves treatment with an aqueous formulation consisting of hydrolysed/condensed 25silanes.
The silandReASEHE) BEOIRAIRDEIRNES SoritaRivg RS Groups. The coating systems produced in
this way are not solvent-free. The treated metal substrates were coated, and exhibit reduced scribe
creep as caompared with the standard treatment. 30US 6,929,826 claims a method of surface-treating

metals. THERMBRBY KD FEEHRD P EHH RS P RUISRG YIRHE R G S 855k {fSiRne and a

tetraalkoxylgitango WRa08Kbvehddeseitbas k600 pi0sHienconsislipeoéareasnnesianerand an
epoxysilaxﬂﬁ. The formulat'%on further.conlprisesa nesiéjm and vanadium 5 compound and an acid.
ikl i

Preparatio a%%téea%\%g 1R nga?é?/e\’I'E%ﬁ Vrﬁ%&’ﬁr‘?—:‘f e el ah A& 'fHS t6rmulation
exhibit higisedrasioga esistaadegnd eftdetivegaidhasioatiosargdA@icaatings. The systems are not
solvent-free.
15 US 6,468,336 describes the formulation and use of an anti-corrosion coating for
steel. The water-based formulation comprises waterglass as binder and as pigments
zinc, iron phyliosilicates, and also further fillers. The formulations described are said

to provide excellent corrosion control in film thicknesses of 15 to 25 uym.

20 EP 1191 075 teaches a water-based two-component system for anti-corrosion
coatings on steel. The first component comprises water, an aminoalkyltrialkoxysilane,
an acid, an epoxysilane and conductive pigments. The second component consists
of zinc powder. The completed mixture is said to allow a processing life of 16 hours.
The alcohol from the hydrolysis of the silane was not removed, and the aqueous

25  system was applied to give a dry film thickness of 25 ym. The coated metal sheets

showed no corrosion after 7 months of outdoor weathering.

WO 2000/46311 describes the treatment of metal substrates with a formulation
comprising a ureidosilane, a multisilylsilane and a solvent. The silanes are first parily
30  hydrolysed and then formulated. The hydrolysis alcohol is not removed, and the

formulation is used without pigments.

WO 2002/22745 claims a solvent-free anti-corrosion primer. The primer is composed

of a stabilized silica sol, a phyllosilicate, a calcined aluminium phyllosilicate and zinc



5WO 2009/059798 discloses a formulation and coating of a metal. The formulation consists of
tetraethoxysilane, vinyltrimethoxysilane, phenyltriethoxysilane, and propyltrimethoxysilane.
Furthermore, other components such as alcohols, gatalysts, silica sols and additives are claimed. The
coatings of the invention must be heated for curing. The formulation is said to protect metal substrates
from corrosion. 10 EP Q 274 428 teaches a composition which consists of an alkyltrialkoxysi ane, a
vinyltrialkB%55i1hR8 SNAEP ANTEeSTE% GRREY AR FHuRmAe Yot alP sy 4t 8Rent and of an
aluminiunaiselsibp Y620 306088 teackesiaglicous comypesitiongibased on bisalkoxyalkyls
lylamines that are substantially free from organic solvents and that release no alcohol even on
crosslinking. Furthermore, such systems may be based on other organosilanes, such as
3-glycidylex@az0p§lokikdyddandiseand alsio alkylaikoxysitanesoisistsystdms mmealso siclade fillers,
such s sijga, ianiym diexide aad alyminim, ayide. and,alsa pggolqurpiomenis, Adgiionall
disclosed are the pre aratloﬁ process aid the Use - inc ung USE A% an anti?corrosion coating. Given
appropriatddepaiariaishb githaeb earioagessisrsimnedistarmsar b aldikegsdevelop a coating on
numerous substrates. These coatings are unable to develop 25active corrosion control, instead being
able only to develop a passive corrosion coat, and may also act as binder and/or crosslinker in coating
compositiHiis. AEEPdiPe Y, ittty 56 B JuedeaPBELSRFIRE S atetivebassE MBratontrol can be
achieved iy meaRAICRASICH /RS n i RIS ISIRNVL RHED feupslaliens dnarafadicularly
eco-friendly aqueous formulations, to be produced, the binder and the 30 anti-corrosion additions must
be ddtmpabREMNGHRIE0 provide an extremely stable and effective formulation which can be
processed in a reasonable time frame on the industrial scale. 6 An object of the present invention,
accordingly, wa ravide a further aqueous and largely VOC-free anti-corrosion composition based
o so-calEe UL AOE A e B SR S e T 66§ S Ry
compatiblewitiopartitidaieiadditions and alst.mpierathedurtherasilitives, and beinggtorage-stable
5as such ata _It%%sli_ fé)‘g Sever h%cgggrg to W?eks ?e{fo&e a%[i)li ation. @t_ articular quﬁcgﬁ} .furth§rmore, was
that such ToIMUTATORS can be-cared &t reom- grﬁpé’r%tu?e ihd achi %5’ BHEEHE &t été?onnoand
corrtsionggntesitanmietdingubstratesvApgihentie sidératigiitvis that anti-corrosion coatings obtainable
on this basis can be applied in different film thicknesses and are readily repaintable after curing, in
other words 10exhibiting effective adhesion to coatings, more particularly to organic (paint) coatings.
The objedt/ka8HéénAchinasias accondanve withehednvessibanmwivehwithslsésiebturestithe claims.
15Thus it/8gs herpARIB suRHaleb. Raben e harisarulialiccomplstelidydrolysed

cocondensates of an epoxyalkyl-functional alkoxysilane - cf. formula I'below - with at least one

bis-amincAIKSLANRSIGHY aIReR)SiERIeRE. AfefoYmMORITA andiabeldwtraiag BredptiBhally, further

organo-fuREignmalkaxysiases anshalrilica-sohsysiemasing ik RossHRIR ER-RIRRAIGIAREFIfiC aqueous
binders for anti-corrosion 20formulations, having a defined pH and a defined dry residue; these
formulatidit&aYd $&tgely VOC-free, cure in the air at low temperatures, Le. preferably at room

temperature, more preferably at 16 to 26 C, more particularly at 20 C, and, with additions from the
arop o A P Mo, melal 20y NS L RmRR i glugipo metal oides o
involves treatment with an aqueous formulation consisting of hydrolysed/condensed
25 silanes. The silanes used may be aminosilanes containing hydroxyl groups. The
coating systems produced in this way are not solvent-free. The treated metal
substrates were coated, and exhibit reduced scribe creep as compared with the

standard treatment.

30 US 6,929,826 claims a method of surface-treating metals. The method involves

treating them with a formulation comprising an epoxysilane and a tetraalkoxysilane.

WO 2006/137663 describes a composition consisting of an aminosilane and an

epoxysilane. The formulation further comprises a magnesium and vanadium



‘25additives, are advantageously compatible, storage-stable and suitable for application. Using the
present compositions it is possible, furthermore, to produce advantageously thin films on metal, to
which further paint coats can be applied and with which at the same time it is possible to obtain
effective adhesion to the primer and/or to the metal. 30 Binders are, generally speaking, liquids, which
bond solids with a fine degree of division, additionally may have a crosslinking effect in a preparation,
and allowSQEPRRYEN A heTsanktr RenaraHes A B P ESIRETRIAL A BiHGer 87d a particulate

adjuvant eastdiesppetuces irbedindien st cRmpatiRlasNifdhecfasiviyastisthatdsaiidnust wet the
adjuvant. I%th'ts wa k’ghe. adjuvant can be isgmgsed in tpe binder, a{:d he $_?Fitive gualities of the
system are 6BtanéEd. ESWHJ%%%”&%%Q ﬁ Bﬁﬁ\é? =t Qafu(}g A iHE Broad application, for

example, in corrosion control. AqQueous systems are particularly advantageous in this context, 5since
they gontain suhsiapbaly g eraanic solvenis,ar ether enyironmentally fagardous gupsiances.
Aqueous sol-gel systems hot only are eco-friendly but are also very variable'and can be put to very
diverse usessiNtswptekeatisindsianeasety birejhosysisolgehsystémthnsysidpararable to cure at low
temperatyyes, huhalao kraKe theadiasion ehiurher coaings 1o i S sdflal 3. they have
good 10rgj|rpa%|’ tability. Ql'rrlge ’allpp ication spectrumlﬁor the g)crbjsent aquegjggﬂéﬁlg Z{%’iéf verygjﬁ/'erse. They
can be erfiifsyedlagadoadiitisieavadatidolmelagioizge s Esainy estionderstine semigdtion with
particulate;meials,aneioFImHL BRBIF IS ME Bl SeMRALRAS AR ARAS Ry ARLIRRAYWiIth further
additives. If the system is to have hydrophobic properties, then an alkyltrialkoxysilane may be used as
a futther component alongside the epoxy-functional alkoxysilane and the bis-amino-functional

alkoxysilapes) Yaereghereiea aesehiRraraciiiaiBroRaitrs T hiedryhohthspsiprusbinder system,
or for specific functions for coupling to an organic coating 20system, then further organofunctional

silanes or’BI¥L R AXNIYGIAREE f?fﬁ?%ﬁfé&‘t?&ﬁ%é&% A3 ARSTPRS YSEaLSo &) AINREBHUF alkoxysilanes

and the bigreenaddngtional atiexysilases. The proportions of the silane components may
advantageously be adjusted in such a way that the completely hydrolysed and condensed product is
stable in the agueous solution and nevertheless cures at low temperature on the 25 substrate or as
bindér in IO faOhaH663 8l Gt amhiy tlae peopertiompheitiene hisdddaiso b bequehgt bf traineatered

addition has a ke pluanies on Mhepraductpronerties The,vdiolyeiscalcohol s adyaniageously
removed from the reaction system during the preparation of the binder, aTIowmg e provision of a
largely V@Q&fﬁée@@mé’d@hﬁfm@h 8@811 hygleise ey fobatkthanththowegahediiacten ofthe
epoxy-fungligna) alpstiros M RdIden ke Nanar i diactipnating s fyagtional
alkoxysilane - Cf. also formuld Il - the [ower the initial masseés of silane selected can be in the aqueous

formulatichsT Hie el Blistib strb o Silieabifaaiuco nipsid g endrally on tompiédelyashgiéolysed and at
leagfpartial|y t%%ﬁ@.%@ﬁ@ﬁwé%é@%@e%l @n@rg%@rgﬁé@i hIesagensiaple gilane systems, the

solids content of the pure epoxy-functional alkoxysilane in the aqueous sol-gel system must
advantagBSIHNNE8E &5 POVEHY HEIRHC WHIRIE solids content of the pure bis-amino-functional
alkoxysilane ought 5 only to be not more than approximately 10% by weight, without becoming solid.
The dry residue (also designated here as solids content) of the condensates or cocondensates in the

binder is SHYGTARVORT AT FIINAHN S 1RO 13RS 8688 Y WRRSHEYHBReSHET R RISy Detween 3% and
45% by wergbioand sesyiryefenabiydietyeein sitatandidiemoutigbtadOuHae presastdwpntion

accggdingé%twg \c/:igggsaﬁo%ocmo% %H?Qs?gégpgginnggable only to develop a passive corrosion coat,
and may also act as binder and/or crosslinker in coating compositions. Accordingly,
binders may also be seen as crosslinkers. Active corrosion control can be achieved
by means of corrosion inhibitors. In order to allow such formulations, more
particularly eco-friendly aqueous formulations, to be produced, the binder and the
30  anti-corrosion additions must be compatible, in order to provide an extremely stable
and effective formulation which can be processed in a reasonable time frame on the

industrial scale.



- a binder comprising at least one cocondensate based on an wglycidyloxyalkylalkoxysilane of the
formula | 15X-Si(R2)x(OR1)3_x(1), in which X is a 2-(3,4-epoxycyclohexyl)ethyl, 1-glycidyloxymethyl,
2- glycidyloxyethyl, 3-glycidyloxypropyl or 3-glycidyoxyisobutyl group, R1 and R2 independently of one
another are each a linear or branched alkyl group having 201 to 4 C atoms, and x is 0 or 1, and on at
least one bis(alkoxysilylalkyl)amine of the general formula 11 (OR1)3Si - A - Si (OR1)3(ll), 25 in which
the groupSRAPKE!BEMFRI GrEHENERIAN REEPEUNGIeaV RSP I AiEKES AYTERSRIHEON AN 4 C
atoms an@@é&yamm@ﬁunﬁii@@?bgr@@mmm?fﬁ%awa Ha 3@—-&é1léa)dbis-amilnos(i§ane )
INH(CH2)fIONH[(CH2)f-NH]9--(CH2)j--(11a), in which if, f*, g .or g" are identical,qr different, with i
andlor 1 EEEOETTER SRR 11 200 BRI o SRR RRA AR H being fdentical
to 3 and gandysisemyidenticakiabareg Rh&lyn dinyleardiditietsylzng apthglstmraptiastallye on at least
one fyrther.silicon compen fram.he, growp cansisting.of tetraalkxysiane, alkvialkxysiane,
mercaptoaﬁ<yFaﬁ oxysﬁaane, aminoalkylalkoxysilane, carbox ﬁ(}ﬁ% 'koxysﬁﬁane, ureidoalkylalkoxysilane,
Sthiocyanfatdzdkyialicoxyafidhat sngsiicmnsbigonsaten belconed iat ancamiepmertless drah 3% by weight,

preferably 04,8 LhécRve RAHIIBPLS RRLISHIBIMRIIN INAA K BYYIRIN haped on the

composition, 10- at least one addition from the group consisting of particulate metals, metal alloys
and/or métepieshadinashahanbsesiasiynaetedisgerd adaniie on ﬁﬁ@@@ﬁﬁtﬁ@c@r@@imﬁ%eing 1to
14, prefer@htyrgnionia tIHRRREICYIAUIY 2. Qo Rty Fepahpattdafer Bfth $ i e wo B, including all

positive numbers from 15> 2.5 to < 12, and the dry residue of the binder being 1% to 50% by weight,
preftPablP B F0sH a5 irefsie fiRitd premifasly BY e0P35U6 U WérPEIARGTERAUPIL RN E8% to 25%
by weight, additionally 2%, 3%, 4%, 6%, 7%, 9%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%,
20%, 21%, 22%, 23%, 24% by weight, based on the binder used. = ,

%he object has been ach;e%ed in accordance with the invention in line with the

features in the claims.

15  Thus it has been found, surprisingly, that on the basis of virtually completely
hydrolysed cocondensates of an epoxyalkyl-functional alkoxysilane - ¢f. formula |
below - with at least cne bis-aminoalkyl-functional alkoxysilane - ¢f. alsc formulae |l
and la below - and also, optionally, further organo-functional alkoxysilanes and/or
silica sol systems, it is possible to prepare specific aqueous binders for anti-corrosion

20  formulations, having a defined pH and a defined dry residue; these formulations are
largely VOC-free, cure in the air at low temperatures, i.e. preferably at room
temperature, more preferably at 16 to 26 °C, more particularly at 20 °C, and, with
additions from the group consisting of particulate metals, metal alloys and/or metal
compounds, including metal oxides or metal salts, and also, optionally, further

25  additives, are advantageously compatible, storage-stable and suitable for application.
Using the present compositions it is possible, furthermore, to produce
advantageously thin films on metal, to which further paint coats can be applied and
with which at the same time it is possible to obtain effective adhesion to the primer
and/or to the metal.

30
Binders are, generally speaking, liquids, which bond solids with a fine degree of
division, additionally may have a crosslinking effect in a preparation, and allow
adhesion to the substrate. In order that a formulation comprising a binder and a

particulate adjuvant can be produced, the binder must be compatible with the



20 The binder for the composition of the invention can be prepared advantageously by a procedure in
which first of all water is introduced in a molar excess, based on the silanes of the formulae | and II
and also, optionally, on the aforementioned silicon-compounds used, and is adjusted to an acidic pH
with addition of an organic or 25inorganic acid, a silica sol being added optionally, an
co-glycidyloxyalkylalkoxysilane of the formula | is metered in and the mixture is heated, optionally

further acRfidAdteBatfe dhaurtiuelibre iAo AN HIRiALIYIRE GENBPAIIRRRTSREAN and also
30optionatytras Iﬁa&’é@,mwtﬂ@?ﬁ@@i@ﬁﬂ c@mm@%adtﬂglmﬁ(m@rgrmm t’) tjngclﬁletaltfﬂalrkglxysilanz,
alkylalkoxysilane, aminoalkylalkoxysilane, ureidoalkylalkoxysilane, carboxyalkylalkoxysilane an
thiocyandtGHTES SRR I 2V GESHSE Tl i 1S Syepine EPLERLRG 151 EXAHD Slbsequentl the
resultant bydoalysisaltobloguemaveds ansasteppapictiGnbtelyvisotagheueaction onixtexe, under
reduged pr e, the hinder th btained is optionally diluted with water and/qr. an aqueous acid and
IS su seq%g(?\%;{ﬁﬁ?’erce%ﬁ%' hat r%/{%gcgfa Jengf?ﬁ%‘%iiﬁ er eer}#sgo (%&ég 5095 Oy‘"‘Wé’fgﬁ ,ypreferably 5% to
40% by waghtgimtﬂrétmef@nabgz B%JgpSS%DbgMebg}tgmethnawm%mdlg?s%t lByaveight, based
on the binger Uéﬁ?‘variatﬁ@%ﬁ%&r‘?%‘iﬁthp&}%#g\é‘?v’gl%@ e DRAIESRALATKAMBACEUSH S 2 one-10

component system and used as such. It'is also possible, however, to use the above-described binder
and at le&%t afieasiumedtar! ¢ wriameTirPiHE Aeakipdaeredcth sonéan pstdnic sh&Worlpsonents being

mixed prighpdiie RRRISAESRALBVRISHICEA GRRABSION: W dhiscass: iiix afseylrrassiBisito add
further additives. A composition of the invention advantageously has a dry residue (solids content) of
1% 18 5086 RFWRRIHY. preferably 3% to 45% by weight, more preferably 3% to 35% by weight, based
on the composition. 20 Furthermore, a composition of the invention is characterized by an amount of
particulate metals and/or metal compounds in the comﬁositi_on of 1% to 95% by weight, preferably 3%

to 90% by WeidiR!FRARS STRPEIRET, BE4ME BESER) SMGRESRRAGrafs 4By 40646 80% hyaReight. 25
Additionstis preseiyeonsposiikiasare piatatediyopaiticiiche naetalsianetal siteysand/or metal

o A S P YR R em s R gondce ad
zinctbismaitto atipyis ey matsidomthad Behtagaesithm alleirsn atuiminawen lpainakenspbaduminium flakes,
powders 8&%@%&? ﬂ'(en an alkyltriatkoxysilane may be used as a further component
alongside the epoxy-functional alkoxysilane and the bis-amino-functional
alkoxysilanes. Where there is a need for specific properties on the part of the
aqueous binder system, or for specific functions for coupling to an organic coating
20  system, then further organofunctional silanes or else tetraalkoxysilanes may also be
used in addition to the epoxy-functional alkoxysilanes and the bis-amino-functional
alkoxysilanes. The proportions of the silane components may advantageously be
adjusted in such a way that the completely hydrolysed and condensed product is
stable in the aqueous solution and nevertheless cures at low temperature on the
25  substrate or as binder in the formulation. Not only the proportion, however, but also
the sequence of the metered addition has a key influence on the product properties.
The hydrolysis alcohol is advantageously removed from the reaction system during
the preparation of the binder, allowing the provision of a largely VOC-free aqueous
product.
30
It has also been found that the lower the fraction of the epoxy-functional alkoxysilane
in the binder, and the higher the fraction of the bis-amino-functional alkoxysilane - cf.
also formula Il - the lower the initial masses of silane selected can be in the aqueous

formulation. The active substance of the binder consists generally of completely



aluminium alloys, titanium dioxide, red iron oxide, yellow iron oxide, calcium carbonate, talc, aluminium
silicates, barium sulphate, kaolin, magnesium silicates, crystalline quartz, amorphous quartz, calcium
magnesium carbonate, calcium 11 silicates, alumigium oxide, zeolites, wollastonites, zinc oxide, zinc
phosphate, bismuth vanadate, lead chromate, silicon carbide and inorganic colour pigments. The
particulate addijtions here advantageously have a particle size of 5 nm to 50 pm, Spreferably of 10 nm
to 40 pm, WTRYSRAAERIF IR RATHE N RRTeASE ARIIS LS RSEY BLaieRNiREPh means, for

example,diftai€atosigerstaordsilb A3, stEhh thardiris e biIH O fram Retsepokgabnelagyai The
particle sizl . %6)The conductive
[

may. be determined accordingly from 1 nm wet and from 100 nm dr,
P eitions ST SR HE ROk SR R o SRS A s 7 et
concentratisgtand/aite thecoolidstasittetiteofribtapsub sirmteniderfoadietal silistyates protegted against
corrgsion Wit ting comprisin rticul Is can advantagequsly be.welded. 15Furthermore,
comcpl):)sositlg()\)%n‘g-I E)% &%ﬁﬁ?ﬂ&%ﬁnﬁ%ﬁy%@ﬁ? .ﬁ%ﬁ%%ﬁ?n%r?&%”‘é%i&?#v&é a 3%%%%338@@(& éctlr%% from the
group corﬁ%ﬁfﬁ@’%@‘b@rﬁ_@ﬁé@Wﬁi@éh@r@,&ﬁ@@l‘@@mmss&mfrm @@p@&s’m‘t%si’stants,. anti-settling
agents, sl inhipiisWeiting smtfsfsogﬂagegdo@%}srﬁa RS RO AT disBersigns, and

catalysts for the condensation and curing. As polymers, accordingly, it Is poss or example, 20but
not exclu¥{eEt16'G5e RiGhAERBIRPEYSRINS, /P endidfersynacishs an tesiydpspiaEibhs, functionalized

polyestergwaier seiBIRIRAYMSFvaleh as, for example, PVA, and polyacrylic acid - to name but a
few suitable polymers. As additives or polymers or cobinders it is possible, furthermore, to use organic

film¥8rmers and also adhesion promoters based on acrylic esters, acrylic-polyester-polyurethane

25copolymess; redpfene-asivhicLieeingy s rondeoesteihtasing kavipgidieg carboxyl groups.
Compositiongpof he invention, accordingly, may be characterized by an amount of additives of in each
C(?ﬁ%‘li‘

case 0% to B WG IS psteLiirR, REEIHPB96Y5°808%4 %y weight and/or of
anti-settlingghgsayiok 04tk idaBxbyietgbt andiermefiwetting agent of 0% to 3% by weight and/or of
corrosion inhibitor of 0% to 1% by weight, based in each case on the composition, the sum of all the
constituents present in the composition making 100% by weight. 12

15 X-SiROA(OR )5 (1),

in which X is a 2-(3,4-epoxycyclohexyliethyl, 1-glycidyloxymethyl, 2-

glycidyloxyethyl, 3-glycidyloxypropyl or 3-glycidyloxyisobutyl group, R" and R?

independently of one another are each a linear or branched alkyl group having
20 1to4 Catoms, andxisOor1,

and on at least one bis{alkoxysilylalkylyamine of the general formula li

(OR™:Si-A-Si (ORY: (I,

25
in which the groups R are identical or different and R’ is a linear or branched
afkyl group having 1 to 4 C atoms and A is a bis-amino-functional group of the
formula lla

30 -(CHzji -INH(CH2)dNH[{CH2)eNH]g- -(CHo - (Ha),

inwhich i, 1", f, f*, g or g" are identical or different, with i and/or i* = 1, 2, 3 or 4,
fand/or f* =1 or 2, g and/or g* = 0 or 1, preferably with i and i* being identical
to 3 and g and g* being identical to 0 and R is methyl and/or ethyl,



Typical thickeners are, for example, polyacrylic acid polymers, cellulose ethers, polyurethanes,
acrylate polymers, hydroxyethylcellulose, which are used at concentrations of 0.005% to 4,0% by
weight, preferably of 0.008% to 3.0% by weight angl very preferably of 0.01% to 2.0% by weight.
Examples of thickeners and 5 rheology modifiers include Coapur 6050 and Coapur XS 71 from
Coatex. Examples of anti-settling agents include laponites, bentonites, glycerol stearates, polyamides,
xanthan, polyethylene waxes, modified and non-modified fumed silica, as for example Aerosil R 812 S
or Aerosil Ra8@Siwdicbtanealigedrlikewiset anhtGoohee ifatonsooipgutal 4ferbyheeightppreferably 0.01%

to 3% by weight, more particularly from 0.1% t0,2% by weight. Typical wettin ents are, for
exampie, BOR I Al SRR e BRI e P AR AR AR o o 396 by
weight, preferabiyafkyinlogysdaoel 52 5%y vybidigsieng preterablyyieoke/dane. 1.5% by weight.

Typigal corrm%%%ﬂ t%%@gﬁgg@%%aéﬁﬁ QI?B&%B?SEES’ chromates, borates and also, in particular,

organic corrosio e organic corrosion inhibitors are used at lower concentrations,
suitably up to 1.0% by weight, preferably 0.8% by 20weight, more preferably 0.5% by weight, more
particularly J,gg{g,{).OOOOl% to 0.1% by weight, based in each case on the composition, with the sum of
all the constituents present in the composition making 100% by weight. ~ Possible catalysts for the

condensatiGitanal duAnPameURsrdesasRarmyZoPy Aoglibupsiiabtafidh’ademiadetdnate and

tetrakis(triethapplamisR) pEranateyihe presentinwsnier firthesdrevides @oﬂﬁ@é@&ﬁ)mr preparing a
composition of the invention, which is characterized in that first of all a binder I1s prepared, comprising

at 1d&st onePESBHAMS AR BQ0HO8R B YIRS DRAARR BT BF HE BRI 2 5
X-Si(R2)x(QRd )3 metd T ordepentienihdof one another are each a linear or branched alkyl group
having 1 to 4 E atc?{ns,ﬁmd @f’éo or {,and 50n at least one bis(alkoxysilylalkyl)amine of the general
formula II’((ﬂQ E?E?@ Y s( ?)%?ﬁ%,we’ in which the groups RI are identical or different and Rl is a
linear or branehed itGatkgbgroupitavimgrigtd b GAatpraseaats yA2isoalBisrannenpaitinatiohalBdioup of the

formula lla §%HZ)(} 2{@%%"@)@'9@'5'[@%"?)6WQ%@',‘}@&C{,%@H positive numbers from

15 > 2.5t0 <12, and
the dry residue of the binder being 1% to 50% by weight, preferably 5% to 40% by
weight, more preferably 8% to 35% by weight, more particularly 10% to 25% by
weight, additionally 2%, 3%, 4%, 6%, 7%, 9%, 11%, 12%, 13%, 14%, 15%, 16%,
17%, 18%, 19%, 20%, 21%, 22%, 23%, 24% by weight, based on the binder used.

20
The binder for the composition of the invention can be prepared advantageously by
a procedure in which first of all water is introduced in a molar excess, based on the
silanes of the formulae | and Il and also, optionally, on the aforementioned silicon
compounds used, and is adjusted to an acidic pH with addition of an organic or

25 inorganic acid, a silica sol being added optionally,
an w-glycidyloxyalkylalkoxysilane of the formula | is metered in and the mixture is
heated,
optionaly further acid is metered in,
and at least one bis{alkoxysilylalkylJamine of the general formula Il and also

30 optionally at least one further silicon compound from the group consisting of
tetraalkoxysilane, alkylalkoxysilane, aminoalkylalkoxysilane,
ureidoalkylatkoxysilane, carboxyalkylatkoxysilane and thiocyanatoalkylalkoxysilane

is metered in and the system is caused to react,



15in which i, i*, g or g* are identical or different, with i and/or i* =1, 2,3 or 4, fand/orf*=1o0r 2, g
and/or g* = 0 or 1, preferably with i and i* being identical to 3 and g and g* being identical to 0 and RI
is methyl and/or ethyl, and 20also, optionally, on atgeast one further silicon compound from the group
consisting of tetraalkoxysilane, alkylalkoxysilane, mercaptoalkylalkoxysilane, carboxyalkylalkoxysilane,
aminoalkylalkoxysilan %eidoalkﬁﬁﬁﬁ)ﬁ silane, thioc a,natoalkylalkoigsilane and silica sols, said

binder boing Eeavea by e s RSP RRoNEd 7 ARt BIOBRena el on the

silanes of tHeo@bfhemetatidnantkidendralso reglicswdilye ssutee aforementioned silicon compounds used,

and is adjusted,to an acidic pH.with .addition of an grganic or inorganjc acid, a silica sol.heing added
with stirring%égt%ﬁ(gﬁ{/, a%sﬁ%%gﬁe/ligx(ﬁﬁﬂgmo%%%ﬁg@ %%%?B%nqé 8178 R&EREIRERd the mixture
is heated, 3gopimaalipdurbeihatigisanetered in, and at least one bis(alkoxysilylalkyl)amine of the

genegal for S ionall ng f, ili ram t consisting
of tetéaalko?&%ﬁja g ?a&}%fﬁfo%s%gﬁée%rﬁé?&?&t%aﬁy%ﬁ%%@%%%? O%E%%#%é%& %)%/gi:%%e,
carboxyalkylgiiy siiarfepraieiab Rlalkox§ ¥l aevarahthioeyamardaidprndRYsiars s Mmetered in and

the system ﬁe@@‘ﬂﬁ%é@é%fﬁé@ﬁ@gﬁé‘é‘b{.the resultant hydrolysis alcohol is removed at least
proportionately from the reaction mixture under reduced pressure, Sthe binder thus obtained is

optionally diluted with water and/or an aqueous acid and is subsequently filtered, and at least one

addition fnam HergriosonsistingvehRaHisAgtednetalsnMmelah /a80/as Melqk compounds is
dispersed into the resulting binder and also, optionally, at 10least one additive is incorporated with

stirrifg. FOP IRPPRIP BN SREhESHARS $¥%his context it is preferred to use the

wglycidyloxyalkylalkoxysilane of the formula | in a molar ratio to the bis(alkoxysilylalkyl)amine of the

general formula 11 of 0.1:99.9 to 99:1, preferably of 151:99 tg 95:5, more preferably up to 80:20, very

oreferant 0 15765 o SRR EL e G RS AIR ARDS AT  CESHSH e binder at

0.001 to 42enstd%dpreditiablyifrtine Go0h tf 2Qwoactinprorenpraferahlytiieo oo hidechisrbelvy very

fhrgﬁc :f;ﬁfé%@ St R PR IS BRI G M LS RBLISHIANY IS REQGERS QL he invention is
15 possible to add further additives.

A composition of the invention advantageously has a dry residue (solids content) of
1% to 50% by weight, preferably 3% to 45% by weight, more preferably 3% to 35%
by weight, based on the composition.

20
Furthermore, a composition of the inventicn is characterized by an amount of
particuiate metals and/or metal compounds in the composition of 1% to 95% by
weight, preferably 3% to 90% by weight, more preferably 5% to 85% by weight, very
preferably 10% to 80% by weight.

25
Additions in present compositions are preferably particulate metals, metal alloys
and/or metal compounds, more particularly metal oxides, selected from the group
consisting of conductive and non-conductive fillers, zinc powders, zinc flakes, zinc
dust, powders and flakes of zinc alloys, such as zinc-bismuth alloys, magnesium and

30 magnesium alloys, aluminium powders, aluminium flakes, powders and flakes of
aluminium alloys, titanium dioxide, red iron oxide, yellow iron oxide, calcium
carbonate, talc, aluminium silicates, barium sulphate, kaolin, magnesium silicates,

crystalline quariz, amorphous guartz, caicium magnesium carbonate, calcium



introduced in a molar excess, based on the silanes of the formulae | and Il and also, optionally, the
aforementioned silicon compounds that are used, of suitably 2 to 1000 mol of water, preferably 5 to
500 mol, more particularly 10 to 100 mol of water per mole of the Si-bonded alkoxy groups present in
the silanes used, under inert gas. 25The inert gas used in the reaction is generally nitrogen or argon.
Furthermore when car%lé%out é@ rocess of Qhe invention, it |sl§ossrble n organic or

a

inorganic MSa RiL AR ERYLTT K P LR Fr G R Do RS formic acid, acetic
acid, propimmit: ércichrizyiinecitadccacioh altricitictd SHdudehand acidjand pbrephBgcactd. Said acids
may be used in aqueous form or else in concentrated form. Using one of said acids, preferably with
formic acid, it is possible more particularly to adjust the pH of the reaction mixtures and/or product
mixtures, Partisaticiyase theddinde helgringvantigeaftely theveeagiioticto dize 6{%, nb5 tpréférably 21t0 6,

moresparieularhely &So% &b 3 elsRRn AT RGRONS o SHIPTRIDGM g been found

that certal inders used In ance wit 5invention ca in the neutral

and alkalifé@disgdstarainsdmprasany. ddofrg e lagabadsaaicdesr daiitabl-8askBiti8(ossible to set
the pH adyaniageouslysio fone HER & falinao@)uenBpERRAISHAN, b Rt8idineds 9-5; 10; 10.5;

11; 11.5; 12; 12.5; 13 and also 14 - cf. the examples. Further bases besides alkalis, such as aqueous
NaOH or?@@@deHfé’ﬁr@Qh bamset adineay d 8GN afeY1 0preferably N,N-dimethylethanolamine or else
Tyzor TEAZ [tetrakrs(trrethanolamrne)zrrconate] In the process of the invention, furthermore, it is
preferred_to use 3- glycidylox propyltrrmethoxysrlane and/or 3- gchrdyloxypropyltrlethoxysrIane as w-

15ghtidy I ARG SHHECORITCFS RATSYIZHY BSIHER PICINS BB R ROHRSESLY WiRture obtained
before, amskipdreaidhe mdticiavesrdhddod e dreieiabhh@ottailharer b pyiiastirring and/or
mixing, tq g temperature of 50 to 90 C %ﬁferabl 5510 70 C, more 5a{trculaﬁ§ 60 to 65 C

20Subseq erh%%/%he%tjé% Sér %F’dfg%tﬁg gﬁ?@r‘& o&?féﬂa}%ﬂk‘w%ﬁg BHEShER H%Srﬂg(ture is admixed
preferably avith & nmecthozysiytiwopplanusl ardiaidas(triethoxysilylpropyl)amine. Additionally the
following can be used, for example together with the bis(alkoxysilylalkyl)amine, optionally as further
silicon compound: a tetraalkoxysilane, preferably tetramethoxysilane, tetraethoxysilane, an
25a115y|a|@Wsﬂane[Q)retﬁaﬂablsfi@ms(bftit@lWkﬁ&ysﬂm@ﬁ@wﬁan@@aﬁmﬁ@mymmethoxysiIane,
e clopelans,dyoRATe U walana R IMON R RdIEIE e SRR (RTEO)

isobutyltrimethoxysilane (IBTMO), Isobutyltfiethoxysi ane BTEO), octylt oxysilane (OCTMO),
octyltrietHERpgIsa ! EFSTEOS riiearsioal RpsIKe S lank-Seitfedatiy Bten BtehindpHs§Itrimethoxysilane

wetlting agents, organic pigments, polymers and polymer dispersions, and catalysts
for the condensation and curing. As polymers, accordingly, it is possible for example,

20  but not exclusively, to use acrylate dispersions, PU dispersions, epoxy resin
dispersions, functionalized polyesters, water-soluble polymers, such as, for example,
PVA, and polyacrylic acid - to name but a few suitable polymers. As additives or
polymers or cobinders it is possible, furthermore, to use organic film-formers and also
adhesion promoters based on acrylic esters, acrylic-polyester-polyurethane

25  copolymers, ethylene-acrylic copolymers, and polyester resins having free carboxyl

groups.

Compositions of the invention, accordingly, may be characterized by an amount of
additives of in each case 0% to 5% by weight, more particularly of thickener of 0% to
30 5% by weight and/or of anti-settling agent of 0% to 5% by weight and/or of wetting
agent of 0% to 3% by weight and/or of corrosion inhibitor of 0% to 1% by weight,
based in each case on the composition, the sum of all the constituents present in the

composition making 100% by weight,



30(MTMO), mercaptopropyltrimethoxysilane (MTEQ), aminoalkylalkoxysilane, preferably
3-aminopropyltrimethoxysilane (AMMO), 3-aminopropyltriethoxysilane (AMEO),
N-(2-aminoethyl)-3-aminopropyltrimethoxysilane (RAMO), N-(2-aminoethyl)-
3-aminopropyltriethoxysilane, N,N'-diaminoethy1-3-aminopropyltrimethoxysilane (TriAMO),
N,N'-diaminoethy1-3-aminopropyltriethoxysilane, a ureidoalkylalkoxysilane, 16 preferably

3. ureidoproAGIKIETAAE: SUFABIGp PRGBS ARSI o I S B Ry alkoxysilane,
preferablypdithiatiianatopropidtarpethoxysilane;dyttiogyanataproppltimethoxysitane,
carboxyalkyltrialkoxysilan rably 4. (trimethoxysilyhbutanoic acid, 5-(tri xysilyl)pentanoic
acid and ggg&%ré rﬁ"@@ﬁsﬁﬁ Péér)l&gr%o% g(‘:(l}({ ; %Mewr%{g%greoé% [ﬁtﬁ nooﬂéﬁﬁémgowgéﬁes here
takes placeddwatagdeusiy atf 4 PH 6ft8 805, refeeadity. & rabpéesdofithcktémierg anBg0 to 90 C,

prefebly 60,05, b Gl Kiee b akeplagsnusl Faredpdeact over 03 0

hours, preterably’2 to 4 hours, possibly accompanie er stirring; that Is, the alkoxysilanes used
hydrolyse substantially completely 10hydrolysed and condensed or cocondensed From the product

mixiure N PRI % RIRFIREUARCORAIGY (5dhRdy ahrsinel il dasrasdliniig reaction,

generally with fractions of wate at east proportionately from the reaction mixture

under redbeb@Pidesure WA 1S idRnaivR e e Biien hid presemdifiay BitsARijwse diluted with

water and4arfan AAeeSARG L IF ROJEDESHINE MR IFrEesdor errRMBIR Rad el iie Ri, the amount of
dry residue and/or the viscosity. The binder, subsequently, is suitably filtered, preference being

20gilRn t&METULTPEHRRYRIRA iy RGN PER IR EAIVR RRHVRI SN e BBtfegates that may

have formesthinagythereactisnoR gindewelfiainable in this way possesses at room temperature a
generally oil-like consistency, is slightly cloudy to clear, and ranges from yellowish to colourless. 25Into
the resulting binder it is now possible to disperse at least one addition from the group consisting of the

particulate ypétalsyatieigl adjleys and/domeetahomn Bon8s takind dysdistlasgdhabpui-andialso, optionally,
to incorporate a k 0 itive, as likewise set.Qut above, with stirring. 30Furthegmore, in
accordan(\:j\e% t\i./%;nr%h%i %ﬁ%%é;%{%%%é%ngr%éonqg gﬁlu o%r%tgn%’]ctb c%eé%?é’c?é ttrrc’ﬁir% t?reogrﬂ(?ul%q%]r?gisting of
forniié acid,Saedticveeiah heopiyio it ahiditchloricatid! .hftti©reidighilphuric acid and phosphoric
acid and also an aqueous base selected from the group consisting of sodium hydroxide, potassium

hydroxide or else Tyzor TEAZ [tetrakis(triethanolamine)zirconate] or N,N-dimethylethanolamine or 17
Typical corrosion inhibitors are molybdates, phosphates, chromates, borates and

also, in particular, organic corrosion inhibitors. These organic corrosion inhibitors are
used at lower concentrations, suitably up to 1.0% by weight, preferably 0.8% by

20 weight, more preferably 6.5% by weight, more particutarly from 0.00001% to 0.1% by
weight, based in each case on the composition, with the sum of all the constituents

present in the composition making 100% by weight.

Possible catalysts for the condensation and curing are, for example, Tyzor LA

25  (DuPont), titanium acetylacetonate and tetrakis(triethanolamine)zirconate.

The present invention further provides a process for preparing a composition of the
invention, which is characterized in that first of all a binder is prepared, comprising at
least one cocondensate based on an w-glycidyloxyaikylalkoxysitane of the formula |
30
X-SiR)MOR )55 (1),

in which X is a 2-(3,4-epoxycyclohexyliethyl, 1-glycidyloxymethyl, 2-
glycidyloxyethyl, 3-glycidyloxypropyl or 3-glycidyloxyisobutyl group, R' and R?



other bases are preferably used, with the pH being adjusted during and/or after the reaction in the
binder and/or after formulation in the composition to 1 to 14, preferably 2 to 12, more preferably 2.5 to
9, very preferably 3 to 8, more particularly to 3.5; 434.5; 5; 5.5; 6; 6.5; 7; 7.5; 8 and also 8.5, in which
context the addition of at least one 50f the aforementioned particulate metals, metal alloys and/or
metal compounds to the binder may also result in a change in the pH, more particularly the addition of
zinc, zinc oxidd] ﬁ?@ﬁf%;’?&'}’rﬂé@ﬁ%s‘?lﬂﬂ{ Sl MATRSRIMTENGYS SRt ST IBYL S a
micaceous iron ae4 shialvassiViex Misromrtd, an acidified binder. 10A composition of the invention can
be produced in corresponding mixers or mixing assemblies which are known per se to the skilled
person. Further provided by the present invention is the use of a composition of the invention or
composit@robtainable in accordance with the invention for coatings which cure in 15the air at a

temperatyfe 9% d0:10,48 &s{&iﬂ‘o@%\f )I/Qt L?é’&%%do‘fﬁ%%.ggﬁgrra‘i?é‘%‘gﬁ?ﬁ.meta's and metal alloys for

protection from corrosion. Accordin se specific compositions of the invention are notable with
particular advantage for a comparatively excellent processing stability and outstanding user
20propertles_and a_Iso _eco-frl_endly p(@rpgr)t:ilggfg\r__cg{r@ﬁgr)gcon“ I app!lcatlons on r_netal subs_tra_tes.
The present invention is elucidated in more detail by the examples which follow, without restriction on
the subject matter of the invention. 25 Examples: Chemicals and abbreviations used: Trade

nameDescriptiopMaithasit! o Ly 28yiae (QakddYQ 31 beicy/ ARy RIORY IBHIBYSHAREYONIK
Degussa (GLYMO) Dynasylan(r) 1122Bis(triethoxysilylpropyl)amineEvonik Degussa (Bis-AMEQ)

DynidbylanO ANEOEIRHMBRYEI itriethdx AR EVEnik DR ﬁ%’éﬁ'“o”fundionﬁgfo‘ip of the

formula lia
-(CHa) -[NH(CHz $lgNH[{CHy)rNH]g- -(CH2)-  (lla),

15 inwhich i, i*, f, f*, g or g* are identical or different, with i and/ori*=1,2, 3 or 4,
fand/or f*=1or 2 gand/org* =0 or 1, preferably with i and i* being identical

to 3 and g and g* being identical to 0 and R is methy! and/or ethyl,

and

20  also, optionally, on at least one further siticon compound from the group consisting of
tetraalkoxysilane, alkylalkoxysilane, mercaptoalkylalkoxysilane,
carboxyalkylalkoxysilane, aminoalkylalkoxysilane, ureidoalkylalkoxysilane,
thiocyanatoalkylalkoxysitane and silica sols, said binder being prepared by a
procedure in which water is introduced in a molar excess, based on the silanes of the

25 formulae | and Il and also, optionally, on the aforementioned silicon compounds
used, and is adjusted to an acidic pH with addition of an organic or inorganic acid, a
silica sol being added with stirring optionally,
an w-glycidyloxyalkylatkoxysilane of the formula | is metered in and the mixture is
heated,

30  optionally further acid is metered in,
and at least one bis(alkoxysilylalkyl)amine of the general formula Il and also
optionally at least one further silicon compound from the group consisting of

tetraalkoxysilane, alkylalkoxysilane, mercaptoalkylalkoxysilane,



18 Trade nameDescription anu ac u rer li (AMEO) DynasylanO PTMO Propyltrimethoxysilane
(PTMO) Evonik Degussa Dynasylan0 MTMO 3-MercaptopropyltrimethoxysilaneEvonik Degussa
Dynasylan(r) 2201 EQ 3-Ureidopropyltriethoxysilange inEvonik Degussa methanol Si 264
3-Isocyanatopropyltriethoxysilane Evonik Degussa Dynasylan0 A

aminoalkylalkoxysilane, carboxyalkylalkoxysilane , ureidoalkylalkoxysilane and
thiocyanatoalkylalkoxysilane is metered in and the system is caused to react,
subsequently the resuitant hydrolysis alcohol is removed at least proportionately from
the reaction mixture under reduced pressure,

5 the binder thus obtained is optionally diluted with water and/or an agueous acid and
is subsequently filtered,
and
at least one addition from the group consisting of particulate metals, metal alloys
and/or metal compounds is dispersed into the resulting binder and also, opticnally, at

10 least one additive is incorporated with stirring.

For the preparation of the binder in this context it is preferred to use the w-

glycidyloxyalkylalkoxysilane of the formula | in a molar ratio to the

bis{alkoxysilylalkyl)amine of the general formula Il of 0.1:99.9 to 99:1, preferably of
15 1:99 to 95:5, more preferably up to 80:20, very preferably up to 70:30, more

particularly the w-glycidyloxyalkylalkoxysilane is used in the binder at 0.001 to

42 mol%, preferably from 0.01 to 30 mol%, more preferably from 0.1 to 15 mol%,

very preferably from 0.2 to 1.5 mol%.

20  The procedure more particularly in the process of the invention is that water is
introduced in a molar excess, based on the silanes of the formulae | and Il and also,
optionally, the aforementioned silicon compounds that are used, of suitably 2 to
1000 mol of water, preferably 5 to 500 mol, more particularly 10 to 100 mol of water
per mole of the Si-bonded alkoxy groups present in the silanes used, under inert gas.

25 The inert gas used in the reaction is generally nitrogen or argon.

Furthermore, when carrying out the process of the invention, it is possible to use an
organic or inorganic acid, this acid being advantageously selected from the group
consisting of formic acid, acetic acid, propionic acid, hydrochloric acid, nitric acid,

30  sulphuric acid and phosphoric acid. Said acids may be used in agueous form or else
in concentrated form. Using one of said acids, preferably with formic acid, it is
possibie more particularly to adjust the pH of the reaction mixtures and/or product

mixtures, particularly of the binder, during and/or after the reaction, to 110 6.5,



Tetraethoxysilane (TEOS)Evonik Degussa Dynasylan0 AR Solvent-containing sol-gel system Evonik
Degussa Kostrosol0 3550 Silica sol, 35 nm Chemische Werke Bad Kostritz LevasilO 1005/45 Silica
sol, 100 nmAkzo Nobel Chemicals GmbH HP 1535 Silica sol. 30 nmSilco International, USA HP 5540
Silica sol, 130 nm Silco International, USA Additions: Additions Manufacturer/supplier

preferably 2 to 6, more particularly t0 2.5; 3; 3.5, 4;: 4.5; 5 and alsc 5.5,

advantageously.

Surprisingly it has been found that certain of the binders used in accordance with the
5 invention can also be stabilized in the neutral and alkaline ranges. For examples, by
adding an aqueous alkali or a suitable base, it s possible to set the pH
advantageously o a neutral or alkaline value, more particular{o 7; 7.5, 8; 8.5; 9; 9.5;
10, 10.5; 11, 11.5: 12, 12.5; 13 and alsc 14 - ¢f. the examples. Further bases besides
alkalis, such as agueous NaOH or KOH, which can be used advantageously are
10 preferably N,N-dimethylethanclamine or else Tyzor TEAZ

[tetrakis(triethanolamine)zirconate].

In the process of the invention, furthermore, it is preferred to use 3-
glycidyloxypropyltrimethoxysilane and/or 3-glycidyloxypropyltriethoxysilane as w-

15 glycidyloxyalkylalkoxysilane of the formula | and to meter it into the acidic aqueous
mixiure obtained before, and to heat the mixture over 0.1 to 3 hours, preferably 0.5 to
1.5 or 2 hours, with stirring and/or mixing, to a temperature of 50 to 90 °C, preferably
55 to 76 °C, more particularly 60 {o 65 °C.

20  Subsequently the heated, acidic and w-glycidyloxyalkylalkoxysilane-containing
mixiure is admixed preferably with bis(trimethoxysilylpropytyamine and/or
bis(triethoxysilylpropyllamine. Additionally the following can be used, for example
together with the bis(alkoxysilylalkyllamine, optionally as further silicon compound: a
tetraalkoxysilane, preferably tetramethoxysilane, tetraethoxysilane, an

25  alkylalkoxysilane, preferably C1-C16-alkylalkoxysilanes, more particularly
methyltrimethoxysilane, methyliriethoxysilane, n-propyltrimethoxysilane (PTMO), n-
propyliriethoxysilane (PTEO), isobutyitrimethoxysilane (IBTMO),
isobutyltriethoxysilane (IBTEQ), octyltrimethoxysilane {OCTMQO), octyltriethoxysilane
(OCTEO), mercaptoalkylalkoxysilane, preferably 3-mercaptopropyltrimethoxysilane

36 (MTMO), mercaptopropyltrimethoxysilane (MTEQ), aminoalkylalkoxysilane,
preferably 3-aminopropyltrimethoxysilane (AMMO), 3-aminopropyltriethoxysilane
(AMEO), N-(2-amincethyl)-3-aminopropyltrimethoxysilane (DAMO), N-(2-aminoethyl)-
3-aminopropyltriethoxysilane, N,N’-diaminoethyl-3-aminopropyltrimethoxysilane

(TriAMO), N,N’-diaminoethyl-3-aminopropyltriethoxysilane, a ureidoalkylalkoxysilane,



Zinc dust 3 pm Numinor MIOX Micro 30 Kartner Montanindust e Bayferrox Red 130 BM |
Harold-Scholz & Co. GmbH Zinc oxide Red Seal Numinor (STD) Sibelco 5102 M500
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16

preferably 3-ureidopropyltrimethoxysitane, 3-ureidopropyitriethoxysilane, and/or a
thiocyanatoalkylalkoxysilane, preferably 3-thiocyanatopropylitrimethoxysilane, 3-
thiocyanatopropyitrimethoxysilane, carboxyalkyltrialkoxysilanes, preferably 4-
{trimethoxysilyl)butanoic acid, 5-(trimethoxysilyl)pentanoic acid and 5-
(triethoxysilyl)pentanoic acid. The metered addition of the aforementioned silanes
here takes place advantageously at a pH of 2 to 8, preferably 3 to 5, and with stirring
at 50 to 90 °C, preferably 60 to 65 °C. Subsequently the mixture is advantageously
caused to react over 0.3 to 6 hours, preferably 2 to 4 hours, possibly accompanied by
further stirring; that is, the alkoxysilanes used hydrolyse substantially completely

hydrolysed and condensed or cocondensed.

From the product mixture thus obtained it is possible subsequently for the hydrolysis
alcohol formed in the reaction, generally with fractions of water, to be removed at
least proportionately from the reaction mixture under reduced pressure (vacuum

distillation).

The binder thus present may optionally be diluted with water and/or an agueous acid
or aqueous base in order, for example, fo adjust the pH, the amount of dry residue
and/or the viscosity. The binder, subsequently, is suitably filtered, preference being
given to the use of a fine-pored filter plate, in order to remove relatively coarse
aggregates that may have formed during the reaction. A binder obtainable in this way
possesses at room temperature a generally oil-like consistency, is slightly cloudy to

clear, and ranges from yellowish to colourless.

into the resulting binder it is now possible {o disperse at least one addition from the
group consisting of the particulate metals, metal alloys and/or metal compounds
already disclosed above and also, optionally, to incorporate at least one additive, as

likewise set out above, with stirring.

Furthermore, in accordance with the invention, an organic or inorganic acid selected
from the group consisting of formic acid, acetic acid, propionic acid, hydrochloric
acid, nitric acid, sulphuric acid and phosphoric acid and also an agueous base
selected from the group consisting of sedium hydroxide, potassium hydroxide or else

Tyzor TEAZ [tetrakis(triethanclamine)zirconate] or N,N-dimethylethanolamine or



S.C.R.-Sibelco N.V Aerosil0 300 Evonik Degussa Analytical investigations: Determination of pH:

The pH of the reaction mixtures was determined using pH paper (special-purpose indicator pH 2.5 -

4.5, Merck; pH-Fix 0.0 - 6.0, Machery-Nagel). 19 The pH values in the binders and the compositions

formulated from them were determined alternatively using a Metrohm 826 pH mobile pH meter. The

formulatio v¥egre diluted 1:1 with water prior t&geésureme%Determinatio of dry residue (solids
S

content): SIS CBTSEHAIRaNEISIEE Versr oM L B b O B E LA EBHE BN PEEL s was
determinedagitollownibelbin oé thmsampfeenfasngighed o tientorapgrsiath poscelain dishaineheiied to

constant weight in a drying ov t 105 'C. 10 Determination af Si02 content: 1.0.t0.5,0 g of the
cample it 00 O Y B P R At Tce KAl GHlA S0 ot iphurc acid
and heatels|owlydotstard with.. Butiagaedshdating procidoreiahietiptasd bitaker walsasivened with a
watch glass,,J. emper ise it Iphuri i fume nji Il the
orgari%ic C(?rﬁé?ii%fr%?were (ﬁ%%trr éﬁﬂcﬁg\%% t ér{%‘oglutﬁl%ﬁegrﬁ(g&(r%ir%%ﬁi%ar an%%ﬁ%@gﬁq(ﬂgesﬂon
solution wWaBdIUTEY t8lsp previhate g Rogennite aidtimsterasicuer yribfhaBeiten @fatecat the edge of

the glass ﬂﬁewa%%W%Mstl%%a?géam,emwmﬁ ﬁ@é&%@iwf;;\safm?g%mm%@awﬁp@-band filter

and washed with hot water until 20the washing water gave a pH of > 4 {pH paper). The filter was dried
in a platintn? CRIRAGROUSHRR aft BufdfshAPsddiecady i ROFGKIESHIYRimace. After having been
weighed, the residue was smoked off with hydrofluoric acid, the crucible was calcined by means of a
fan burner and optionally calcined again at 800 C, and, after it had cooled, was weighed. The

diffetncd bEiness tHon %f\ﬁémﬁ%%%% bgdoroduced in corresponding mixers or mixing

assemblies which are known per se to the skilled person.

Further provided by the present invention is the use of a composition of the invention
or composition obtainable in accordance with the invention for coatings which cure in
16 the air at a temperature of 16 to 26 °C, with more particular advantage for coatings

on metals and metal alloys for protection from corrosion.

Accordingly, these specific compositions of the invention are notable with particular
advantage for a comparatively excellent processing stability and outstanding user
20  properties and also eco-friendly properties for corrosion control applications on metal

substrates.

The present invention is elucidated in more detail by the examples which follow,
without restriction on the subject matter of the invention.
25

Examples:

Chemicals and abbreviations used:

Trade name Description Manufacturer

Dynasylan® GLYMO 3-Glycidyloxypropyltrimethoxysilane | Evonik Degussa
' (GLYMO)
Dynasylan® 1122 Bis(triethoxysilylpropylamine Evonik Degussa
(Bis-AMEQO}
Dynasylan® AMEQO 3-Aminopropyliriethoxysilane Evonik Degussa




25amount of Si02. Evaluation: D x 100/E = c1/0 by weight Si02 D = weight difference before and after

heating with hydrofluoric acid in mg 100 = conversion to % E =

initial mass in mg 30 Determination of

free methanol and ethanol content: The alcohol detgrmination was carried out by means of GC.
Column: RTX 200 (60 m) Temperature programme: 90-10-25-240-0 20 Detector: FID Injection

volume:
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Dynasylan® A

Tetraethoxysilane (TEOS)

ssa
Evonik Degussa

Dynasylan® AR

Solvent-containing sol-gel system

Evonik Degussa

Késtrosol® 3550

Silica sol, 35 nm

Chemische Werke
Bad Kdstritz

Levasil® 1005/45

Silica sol, 160 nm

Akzo Nobel
Chemicals GmbH

HP 1535 Silica sol, 30 nm Silco International,
USA

HP 5540 Siica sol, 130 nm Silco International,
USA

Additions:

Additions Manufacturer/supplier

Zinc dust 3 ym Numinor

MIOX Micro 30 Kartner Montanindustrie

Bayferrox Red 130 BM Harold-Scholz & Co.

GmbH

Zinc oxide Red Seal Numinor

(STD)

Sibelco Si0; M500 S.C.R.-Sibelco N.V

Aerosil® 300 Evonik Degussa

Analytical investigations:

Determination of pH:

The pH of the reaction mixtures was determined using pH paper (special-purpose
indicator pH 2.5 — 4.5, Merck; pH-Fix 0.0 - 6.0, Machery-Nage!).



Free methanol: 0.6% by weight Free ethanol: 1.5% by weight Example 2 25 A 2 | stirred apparatus
with metering device and reflux condenser was charged under nitrogen atmosphere with 1336.0 g of
water and 2 g of formic acid (HCOOH = 85% by wegight). 150.0 g of GLYMO were metered in (pH
determined after the addition = 3.0) and the mixture was heated to 65 C and stirred for 1 hour. 19.0 g
of formic acid 30 (HOOCH = 85% by weight) were added, and 150.0 g of Dynasylan0 1122 were
metered i i e BT GRIRETR AHEE S8R5 RRRIC SR AR B CBEHB weight) were
metered idewtaipkdadi® B tEwNGwasdduiethous 26 6H Cntdsid bélnssand aHufives i of formic
; _ acg . O )
acid (HOOCH 18?/8 Qije{grwa%ere metered in Flnallxt at a pH of 3.8 and at approximately 170

mbar, 31&8?9%? alconolWarerd o1 Pr;iQfL}PerT\}veear%ufgﬁgve'd by distillation. The batch was admixed with

27.67 g of water. The residue, cooled to room temperature, was filtered on a Seitz T-950 filter plate.

The final mgés"gl% ?iB‘?\S. e Wasdddéd A3 ud Qgﬂr I){ﬁ:jlowish liquid having a pH of 4.3 was obtained.
stoggesfor at 6 ﬁ

The product Is stable on east 6 months.’Dry residue: 14.9% by weight Si02 content:
5.9% by WéRspieconésianded refertsiieighidrrsesedvanof tha Fbgaveigheno Ssiemte 3 A 2 |
stirred appaagiisithmeteringdeyvice and reflux condenser was charged under nitrogen atmosphere
with 1338.3 g of water and 2 g of formic acid (HCOOH = 85% 15by weight). 180.0 g of GLYMO were
metered ih @M HaSATRKIVE e MEigNRIbRISANCE5)BAY RRECRIBIUAES T 28 $h 85RM o BHSIEAN stirred for
1 hour. 1§Vgi§;-@fi,ﬁoc§ra@;g@i@&@@@@gm@fs% by weight) were added, and 120.0 g of bis-AMEO were
metered in via the metering device. A further 1.5 g of formic acid (HCOOH = 85% by weight) were
met&Ped in. At a pH of 3.8 to 4.0, stirring was carried out at 65 C for 3 hours. 20Finally, at
approximpiglyr20datiat o340 2 epditadgohol/water mixture were removed by distillation. The batch

550 fite DG PR AALE S e AOOL A IR TR SRR SRR GRGE T aving & pi of
5.0 was obtatechdlwérpRaduc biSssligbleriora2istoraipe drcht least © sranthstbrpuesigittes 15.7% by
weight Sifz ISR LMY TS MSIRANY 2 L2 At el s &hAng!l- 0-5% by weight 30
15 temperature was raised until the sulphuric acid fumed substantially and all the
organic constituents were destroyed, with the solution remaining clear and light. The
cold digestion solution was diluted to approximately 200 ml with distilled water and
briefly boiled (water at the edge of the glass beaker is allowed to flow under the acid).
The residue was filtered through a white-band filter and washed with hot water until
20 the washing water gave a pH of > 4 (pH paper). The filter was dried in a platinum
crucible, ashed and calcined at 800 °C for 1 hour in a muffle furnace. After having
been weighed, the residue was smoked off with hydrofluoric acid, the crucible was
calcined by means of a fan burner and optionally calcined again at 800 °C, and, after
it had cooled, was weighed. The difference between the two weighings gave the
25 amount of SiO,.
Evaluation: D x 100/E = % by weight SiO2
D = weight difference before and after heating with hydrofluoric acid, in mg
100 = conversion to %
E = initial mass in mg
30
Determination of free methanoi and ethanol content:
The alcohol determination was carried out by means of GC.
Column: RTX 200 (60 m)
Temperature programme: 90-10-25-240-0



Example 4 22 by weight). 120.0 g of GLYMO were metered in (pH determined after the addition = 2.5)
and the mixture was heated to 65 C and stirred for 1 hour. 25.9 g of formic acid (HCOOH = 85% by
weight) were added, and 180.0 g of bis-AMEO werg metered in via the metering device. At a pH of
4.0, stirring was carried out at 65 C for 3 hours. 5Finally, at approximately 200 mbar, 344.57 g of
alcohollwgﬁémixttjg were removed by distillation. The batch was admixed with 20.189 of water. The
residue, C00 95 fobin temperature, was filtered on a Seitz T-950 filter plate. The final mass of the
residue Wagi304 B2:gne: 1A0qgléar, yellowish liquid having a pH of 4.4 was obtained. The product is

%r %:I%_ L%T% mpnths. Dry residue: 15.0% by weight Si02 content: 6.1% by weight

stable on % esrtoargl%e f A m
Free metl!1ano?: 5786 y weight Free ethanol: 1.1% by weight 15 Example 5 A 2 | stirred apparatus

with metering device and reflux condenser was charged under nitrogen atmosphere with 1319.69 of
wateg ancti%grﬂgigrmic acid (HCOOH = 85% 20by weight). 60.0 g of GLYMO were metered in (pH
determin addition = 2.5) and the mixture was heated to 65 C and stirred for 1 hour. 34.5 g
of formic acid (HCOOH = 85% by weight) were added, and 240.0 g of bis-AMEO were metered in via

the metering dgyicss AbGapit Rf i 194l wan aadift Ahab Ao iRk TR Finally. at

approximately 200 mbar, 356.64 g of alcohol/water mixture were 25remo_ved|it‘géy distillation. The batch
was admiXE@IRthIBTIPGIeWELR! it Bréfeotef yEpievantid weblefcdt seikisHeRekt 518556, However,

the viscogi{yweashsp Hiob that silpianwas srspadiaingidanaly Bithd 3 - &ohvaeptpir solids
content of approximately 10%. The residue, cooled to room temperature, was filtered on a Seitz T-950

filte? Platd Pt el slptiicaddiietas A 7998'g BoUEC4RS, RABIERRIBRIchalfMg a pH of 4.4
was obtagteebd e prociuctas stable fomsitorage facatdeast Ssmanhedytyeriduedbe 4%y weight

Si02 Contfp 551 _E:;g(g? B&%‘?&QR@?‘?E%@?‘Q %L:e é%g/& P \yivaelggtmetefing device. At a pH of
4.94, stirring was carried out at 65 °C for 3 hours. Finally, at approximately 130 mbar,
362.93 g of alcohol/water mixture were removed by distillation. The gel-like batch

15 was admixed with 400.0 g of water. The residue, cooled to room temperature, was
filtered on a Seitz T-950 filter plate. The final mass of the residue was 1681 .4 g.
A clear, yellowish liquid having a pH of 5.6 was obtained. The product is stable on
storage for at least 6 months.
Dry residue: 11.82% by weight

20 Si0; content: n. d.
Free methanol: 0.6% by weight
Free ethanol: 1.5% by weight

Example 2
25

A 2 | stirred apparatus with metering device and reflux condenser was charged under
nitrogen atmosphere with 1336.0 g of water and 2 g of formic acid (HCOOH = 85%
by weight). 150.0 g of GLYMO were metered in (pH determined after the addition =
3.0) and the mixture was heated to 65 °C and stirred for 1 hour. 19.0 g of formic acid
30 (HCOOH = 85% by weight) were added, and 150.0 g of Dynasylan® 1122 were
metered in via the metering device. A further 2.94 g of formic acid (HCOOH = 85% by
weight) were metered in. At a pH of 3.82, stirring was carried out at 65 °C for 3 hours
and a further 1.29 g of formic acid (HCOOH = 85% by weight) were metered in.
Finally, at a pH of 3.8 and at approximately 170 mbar, 318.G7 g of alcohol/water



23 Free ethanol: 0.6% by weight Example 6 5 A 2 | stirred apparatus with metering device and reflux
condenser was charged under nitrogen atmosphere with 1346.3 g of water and 2 g of formic acid
(HOOCH = 85% by weight). 210.0 g of GLYMO wenre metered in (pH determined after the addition =
2.5) and the mixture was heated to 65 C and stirred for 1 hour. 11.73 g of formic acid (HCOOH = 85%

b ight dded, and 90. f his-AM tered 10in via th ing device. At a pH of
20, st e A B QL A B O SR A e A AP RA A 120 WP S Tb g of
alcohol/water rasitiure, weseceimovech byrdistidatian . Wdefilatel was Ex@cbbithile. pfageof water. The

residue, (;ﬂ,g)lgd tq room t eratudfe was ql rf% n a Seitz T-950 filter plate. The final mass of the
0 g PERE e e g

residue was 1 g%agsysf %Ié%sik, 3L/}e Oish iquil h%iving a pH of 4.2 was obtained. The product is

stable onAtdegye Yollewigastigithomihg Rry residug vid: 6%t by srkidhe $iGRiconteataiBl8 Wby weight

Free @etg%}%é%‘%ﬁpy weight,gQkree ethanol: 0.5% by weight Example 7 A 2 | stirred apparatus with
metering device and ref?ux condenser was charged under 25 nitrogen atmosphere with 1347.9 g of

water and”?yg efifbifidh8id YOOt = 85% by weight). 240.0 g of GLYMO were metered in (pH
determines}gftes the-adslgion s gahand the mixture was heated to 6500 and stirred for 1 hour. 7.1 g of
formic acid (HOOCH = 85% by weight) were added, and 60 g of bis-AMEO were metered in via the
metering BERAcEERI2BH bf 22P¥09Ntirring was carried out at 65 C for 3 30hours. In between, 3.0 g
of formic aeig HRAAGH1=185%y Ryeight) were metered in, to give a pH of 3.5. Finally, at
approximately 180 mbar, 295.81 g of alcohol/water mixture were removed by distillation. The batch
was ddmixed with 50.62 g of water. The residue, cooled to room temperature, was filtered on a Seitz
T-950 filteyaigld Be final mass of the residue was 1333.38 g. 24 A clear, yellowish liquid having a
pH of 5.2 was obtained. The product is stable on storage for at least 6 months. Dry residue: 16.2% by
weight Si02 content: 5.6% by weight 5Free methanol: 1.4% by weight Free ethanol: 0.4% by weight
Example 8 20AtRrestinmgthegiparatismath imgtdangalevitecding reftuie comdensehaas:dhanged under

nitrogen atmosphere with 1338.3 g of water and 2 g of formic acid (HCOOH = 85%
15 by weight). 180.0 g of GLYMO were metered in (pH determined after the addition =
2.5) and the mixture was heated to 65 °C and stirred for 1 hour. 16.7 g of formic acid
(HCOOH = 85% by weight) were added, and 120.0 g of bis-AMEO were metered in
via the metering device. A further 1.5 g of formic acid (HCOOH = 85% by weight)
were metered in. At a pH of 3.8 10 4.0, stirring was carried out at 65 °C for 3 hours.
20  Finally, at approximately 200 mbar, 342.12 g of alcohol/water mixture were removed
by distillation. The baich was admixed with 74.79 g of water. The residue, cooled to
room temperature, was filtered on a Seitz T-950 filter plate. The final mass of the
residue was 1280.21 g.
A clear, yellowish liquid having a pH of 5.0 was obtained. The product is stable on
25  storage for at least 6 months.
Dry residue: 15.7% by weight
Si0; content: 5.7% by weight
Free methanol: 0.7% by weight
Free ethanol: 0.5% by weight
30

Example 4

A 2 | stirred apparatus with metering device and reflux condenser was charged under

nitrogen atmosphere with 1329.2 g of water and 2 g of formic acid (HCOOH = 85%



| nitrogen atmosphere with 1353.2 g of water and 2 g of formic acid (HCOOH = 85% by weight). 270 g
of GLYMO were metered in (pH determined after the addition = 2.5) and the mixture was heated to
6500 and stirred for 1 hour. 2.6 g of formic acid (H£OOH = 85% by weight) were added, and 30.0 g of
Dynasylan0 1122 were 15metered in via the metering device. At a pH of 4.3, stirring was carried out at
65 C for 3 hours. In between, 1. ofiggrmic acid (HCOOH = 85% by weight) were metered in, to give
o PH of 4.8) FRAN) 2t inbrb Ry St A S5 b ARBF MGl il et amoved by
distillatiorz. Thertahtab wadiadmixe davtbdid &4 9O hwatstiresd faith aciurtizerOdad fafrfaraieiacid
(HCOOH =,85% hy weight). 20The residue, cooled t temper as filtered on a Seitz T-950
fiter piate TR e Bt DR s A et (O R Vi VR ot of 4.8
was obtaiviedh#&hegieoitigot évistablé apidtofage, fetlirahipastscoaroirthsubDay 66siGuer Ben2Uray weight
25SiQ2 ¢ ;5,39 ight, F t l; 1.7% hy. yeight F thanol: 0.2% by weight
Exar%éle%@%?&%?é%ﬁ%g(\{ g{pgp%ya??? vﬁﬁwgﬁg'?éﬁﬁg e(\gl}igl(\é §@}r\’é’ﬁﬁe§ &'ﬁ&é%s@?ﬁag%g%%d under
nitrogen dmadisghetiewiina S24ch wat waixandvithy st 16roief avite(H Does i 85%dsjasdight). 180,0 g

O SLYMShw RIS (ph fiRteniord et esaddilion iADiiacihg miuduts e heated to
6500 and stirred for 1 hour. 15.0 g of formic acid 25 (HCOOH = 85% by weight) were added, and

105.0 g of¥Sifsyrand 3492 v8re metered in via the metering device. At a pH of 4.0, 15.0 g of
n-propyltrimethexysiiangs M@ hware; addadfallowad ByaiERgTaILs GulRl Fhess: Binally, at

approximately 130 mbar, 585.35 g of alcohol/water mixture were removed by 5distillation. The batch
was'QdmiRIARRH Y. 85 '§35¢ RARANHMR with a further 0.90 g of formic acid (HCOOH = 85% by weight).
The residpey eesiggktormom mpasature, was filtered on a Seitz T-950 filter plate. The final mass of
the residu§§/as 1?35._3%)% A clear, ﬁellowish liquid having a pH of 4.5 was obtained The product is
stable on gt Fa%;%p SP%\t ea@t%’r‘ﬁgﬁ 5 10Dry residue: 16.8% by weight Si02 content: 6.3% by weight
Free mettraneln(a:804nby Wé&ithbfreseigthanol: 0.1% by weight 15 Example 10 A 2 | stirred apparatus
with metagge%d f\%/ice md@r%ﬂﬁj( condp?fnser was charged under nitrogen atmosphere with 1220.0 g of
C aci

water an St formi CGEH = 85% by weight). 165.10 g of GLYMO were metered in (pH

detelfmined after the addition =
Example 5

A 2 | stirred apparatus with metering device and reflux condenser was charged under
nitrogen atmosphere with 1319.6 g of water and 2 g of formic acid (HCOOH = 85%

20 by weight). 60.0 g of GLYMO were metered in (pH determined after the addition =
2.5) and the mixture was heated to 65 °C and stirred for 1 hour. 345 g of formic acid
(HCOOH = 85% by weight) were added, and 240.0 g of bis-AMEO were metered in
via the metering device. At a pH of 3.8 to 4.0, stirring was carried out at 65 °C for 3
hours. Finally, at approximately 200 mbar, 356.64 g of alcohol/water mixture were

25 removed by distillation. The batch was admixed with 95.71 g of water, in order to
achieve the theoretical solids content of 15%. However, the viscosity was so high
that dilution was carried out additionally with 272.2 g of water to a solids content of
approximately 10%. The residue, cooled to room temperature, was filtered on a Seitz
T-950 filter plate. The final mass of the residue was 1472.29 ¢.

30 Aclear, yellowish liguid having a pH of 4.4 was obtained. The product is stable on
storage for at least 6 months.
Dry residue: 10.4% by weight
Si0; content: 4.3% by weight
Free methanol: 0.2% by weight



202.5) and the mixture was heated to 65 C and stirred for 1 hour. 15.0 g of formic acid (HCOOH =
85% by weight) were added, and 105.0 g of bis-AMEO were metered in via the metering device. At a
pH of 4.0, 30.0 g of PTMO were added, followed By stirring at 65 C for 3 hours. Finally, at
approximately 130 mbar, 323.13 g of alcohol/water mixture were removed by distillation. The batch
was admixed with 25158.76 g of water. The residue, cooled to room temperature, was filtered on a
Seitz T-956°REINARRE. Orie ANANVRIZES of the residue was 1196.54 g. A clear, yellowish liquid having a
pH of 4.5 was obtained. The product is stable on storage for at least 6 months. Dry residue: 15.2% by
weight S(iiioz C?ntgnt: 6.0% by weight Free methanol: 1.4% by weight Free ethanol: 0.7% by weight
Example a | stirred apparatus with metering device and reflux condenser was charged under
nitrogen atmosphere with 1193.8 g of water and 2 g of formic acid (HCOOH = 85% by weight). 152.6 g

of Levasil,1. 45 and subsequently 210.g of GLYMO were Smetered in (pH determined after the
acaton 2 g T S e s i e R SR Y A R B
(HCOOHNi @5yt wesght) weavdhatitital 3an dfotadeofaDy rag yoafd b k22oivkld Gixtited 5 ¥a the
metering devi | iy alk 0, 4 i i .= 85% by
weight) in rvc‘i}gfgtrﬁjr’e%c '2 @?W?ﬂgﬁas 0 I%v(\g/gw@yﬁf&%ﬁ%%@h%%%t@gc%ﬁg%ours.

Finally, a2dpprostifhaterLae wisahesradde §%f @leaHotivae fonikiwewiie/molumpicdistillation.

The batc%&@%@@@ﬁ%@hfo%%ﬁgm%@gd@ém%&9@!@%refraemmwé@rﬁe\e@é&"tered ona
paint filter. The final mass of the residue was 1279.92 g. A milkily cloudy, slightly orange liquid

havify a PH/6f 1D WelsBraiseiseTid piid Wit 8isUiHBR s tarage fott &t feaske thonths. Dry

residue: 20:3% bynwBjoht SipPosantaBly 9 d9ninawegbtiergemathanoly S8 weigatEree ethanol:
0.4% by weight 20 Example 12

removed by distsﬁation. The batch was admixed with 72.14 g of water. The residue,
cooled to room temperature, was filtered on a Seitz T-950 filter plate. The final mass
of the residue was 1299.86 g.

15 A clear, yellowish liquid having a pH of 4.2 was obtained. The product is stable on
storage for at least 6 months.
Dry residue: 15.6% by weight
Si0, content: 5.8% by weight
Free methanol: 1.1% by weight

20  Free ethanol: 0.5% by weight

Example 7

A 2 | stirred apparatus with metering device and reflux condenser was charged under

25 nitrogen atmosphere with 1347.9 g of water and 2 g of formic acid (HCOOH = 85%
by weight). 246.0 g of GLYMO were metered in {pH determined after the addition =
2.5) and the mixture was heated to 65 °C and stirred for 1 hour. 7.1 g of formic acid
(HCOOH = 85% by weight) were added, and 60 g of bissAMEQ were metered in via
the metering device. At a pH of 4.0 to 4.5, stirring was carried out at 65 °C for 3

30 hours. In between, 3.0 g of formic acid (HCOOH = 85% by weight) were metered in,
to give a pH of 3.5. Finally, at approximately 180 mbar, 295.81 g of alcohol/water
mixture were removed by distillation. The batch was admixed with 50.62 g of water.
The residue, cooled to room temperature, was filtered on a Seitz T-950 filter plate.

The final mass of the residue was 1333.38 g.



A 2 | stirred apparatus with metering device and reflux condenser was charged under nitrogen
atmosphere with 1041.7 g of water and 3.63 g of formic acid (HCOOH = 2585% by weight). 305.0 g of
Levasil 0 100S/45 and subsequently 210 g of GLYMO were metered in (pH determined after the
addition = 3.5) and the mixture was heated to 65 C and stirred for 1 hour. 11.79 g of formic acid
(HCOOH = 85% by weight) were added, and 90 g of bis-AMEO were metered in via the metering
device. AftiRIGAMi{FASHERAGAA Y DeeaP et 6 W7 5PBA8Rt c HSPIRB ORI SB4OBY weight) in
30order tettgagh topkk 0fz3:66 Tiisivas followed by further stirring at 65 C for 3 hours. Finally, at
approximgtel){ 121%9 mbéaé, ; .71§.of Icohol/water mixture were removed by distillation. The batch
was admix&ll With 55 a%ﬁf e residue, cooled to room temperature, was filtered on a paint
filter. TheSital nasnof & sesiduagmas 1316.62g. 27 A milkily cloudy liquid having a pH of 3.9 was

obtaiped. The pr t s stable on ge for at least 6 months. Dry residue: 25.4% by weight Si02
contegnt: 15. %/Rb%%v%(é%{z& F&yrﬁve%tﬁlgé?lol: 1.0% by weight Free ethanol: 0.5% by weight Example 13

10A 2 | stirred sipacitis4kiihyneeegig device and reflux condenser was charged under nitrogen
atmosphere with 954.9 g of water and 2.16 g of formic acid (HCOOH = 85% by weight). 392 g of HP
1535 and subseguently 210.8 g of GLYMO were metered in (pH determined after the addition = 3.0)
and the heated to 65 C and stirred for 1 hour. 11.79 g of formic acid (HCOOH = 85% by
weight) were added, and 15909 of bis-AMEO were metered in via the metering device. All in all it was

necessary to add a further 2.58 g of formic acid (HCOOH = 85% by weight) in order to reach a pH of
4.0. his (vas' ISR ARRPIAHTF SIS EANEIEER SO IREUEIRANG CAP IR RHBEERA16 R bar,

291.96 g ﬁﬂﬁg@h%fm@mf@ﬂéuﬁ?}w&%[Ef%@(\lf;?ébéélf ﬁis@gbég/%’nghﬁi@gt)&bTw@@@g@i*e@bw(ilthd12-23 g of
water and also with 1.04 g o rmic aci = 85% by weight). The residue, cooled to room
temperattie FL T o IR S R L 318 PTG U EBa Bt 2 sightly

yellow, mitkdly apautely Hqiu'tdz’ea)vmgraeaﬂdcofd% \ﬂm%ﬁbtaimeadj folnel pracuct dsgstﬁbdﬁrﬁm siokage for at
st & NSRBI RREM WeNEHIP SRR STF B5H0% Ry psh Fiseg methanol: 1.5%
15  metered in via the metering device. At a pH of 4.3, stirring was carried out at 65 °C
for 3 hours. in between, 1.1 g of formic acid (HCOOH = 85% by weight) were
metered in, to give a pH of 4.0. Finally, at approximately 180 mbar, 289.82 g of
alcohol/water mixture were removed by distillation. The batch was admixed with
43.64 g of water and with a further 0.5 g of formic acid (HCOOH = 85% by weight).
20 The residue, cooled to room temperature, was filtered on a Seitz T-950 filter plate.
The final mass of the residue was 1355.06 g.
A clear, yellowish liquid having a pH of 4.8 was obtained. The product is stable on
storage for at least 6 months.
Dry residue: 16.2% by weight
25  Si0; content: 5.3% by weight
Free methanol: 1.7% by weight
Free ethanol: 0.2% by weight

Example 9
30

A 2 | stirred apparatus with metering device and reflux condenser was charged under
nitrogen atmosphere with 1524.8 g of water and 2 g of formic acid {(HCOOH = 85%
by weight). 180,0 g of GLYMO were metered in (pH determined after the addition =

2.0) and the mixture was heated {o 65 °C and stirred for 1 hour. 15.0 g of formic acid



Free ethanol: 0.7% by weight Example 14 30 A 2 | stirred apparatus with metering device and reflux
condenser was charged under nitrogen atmosphere with 501.8 g of water and 1.5 g of formic acid
(HCOOH = 85% by weight). 171.6 g of HP 5540 grgl subsequently 105.7 g of GLYMO were metered in
(pH determined after the addition = 2.0) and the mixture was heated to 65 C and 28 stirred for 1 hour.
5.88 g of formic ci_glé% OH = 85% by wei| tgéwere added, and 44.45 g of Dynasylan0 1122 were
metered IR MERAEY HEIRE) HATEA BT 10 adB 8% 1A e (HOOOH -
85% by weigbi}iniordenie reathriagpttofcsd 8alhishvesda|ovsetl dyfurgrep siningtad g Gifer 3 hours.
Finally, 5 roximateé)é 120.mbar, 159.4 g of al QJ\%N ter mixture_ were removed by distillation.
e batol A s PG S 1LY BH TS i oY 1 TN e (HCOOH = 85% by
weight). Eppresidaésigdde drioan dsbieémperaticehulagditte reckioneaysamt diber.ethieyfinal mass of the
residye w .44 g. A miikily ¢l liquid havi of 4.0 wa ai Th duct is stable on
osicrag A e B g e A R Ol e e
methanolfoImoasjoneigi®ree 8itarl vegdi by eigisidEEcemiidd BoAR lestipediapparatus with

metering gevifRead ERseAndenseiivas SRl oedudanAIade AINOSRNE RN 3450 9 of water
and 2.0 g of formic acid (HCOOH = 85% 20by weight). 1969 of HP 1535 and subsequently™2109 of

GLYMO viereaheratioa iR frrdbhamnged piter thé dasindiaings) dirdnfasvsikitisdahiss dieated to 65 C
and stirregtdes JegHEt 1daéB@mbiaraic acid (HCOOH = 85% by weight) were added, and 90 g of
bis-AMEQ were metered in via the metering device. It was necessary to add a further 2.6 g of formic
acid tHCBEHESEES, B Q&igMty R Pber to reach a pH of 4.0. 25This was followed by further stirring at
65 C for hmursntdnally, 3t apprexgrately 230 mbar, 321.52 g of alcohol/water mixture were removed
by distilla{:ion. The batch was admixed with 42.85 g of water and also with 1.0 g of formic acid
(HCOOH 5%5%%9%@9%?&% (=S ute cooled to room temperature, was filtered on a paint filter. The
final mas$ ektleehrasit ue Was L 329k2 g. 30A milkily cloudy liquid having a pH of 4.3 was obtained.
The product is stable on

15  Example 10

A 2 1 stirred apparatus with metering device and reflux condenser was charged under
nitrogen atmosphere with 1220.0 g of water and 2 g of formic acid (HCOOH = 85%
by weight). 165.10 g of GLYMO were metered in (pH determined after the addition =
20 2.5) and the mixture was heated to 65 °C and stirred for 1 hour. 15.0 g of formic acid
(HCOOH = 85% by weight) were added, and 105.0 g of bis-AMFO were metered in
via the metering device. At a pH of 4.0, 30.0 g of PTMO were added, followed by
stirring at 65 °C for 3 hours. Finally, at approximately 130 mbar, 323.13 g of
alcohol/water mixture were removed by distillation. The batch was admixed with
25  158.76 g of water. The residue, cooled to room temperature, was filtered on a Seitz
T-950 filter plate. The final mass of the residue was 1196.54 g.
A clear, yellowish liquid having a pH of 4.5 was obtained. The product is stable on
storage for at least 6 months.
Dry residue: 15.2% by weight
30 SiO; content: 6.0% by weight
Free methanol: 1.4% by weight
Free ethanol: 0.7% by weight

Example 11



storage for at least 6 months. Dry residue: 20.7% by weight Si02 content: 10.7% by weight Free
methanol: 1.1% by weight 29 Free ethanol: 0.6% by weight Example 16 5 A 2 | stirred apparatus with
metering device and reflux condenser was chargegkunder nitrogen atmosphere with 758.8 g of water
and 2.13 g of formic acid (HCOOH = 85% by weight). 588 g of HP 1535 and subsequently 210 g of
GLYMO were metered in (pH determined after the addition = 2.5) and the mixture was heated to 65 C
and 10stirred for 1 hour. 11.73 g of formic acid (HCOOH = 85% by weight) were added, and 90 g of
Dynasylaa(p) stz ersparatetediih matthemateitg ey edut hisndasdotomedbyrfigthengtirring at 65

C for 3 hours. Finally, at roximat 0 mbar, 306.17.9 of.alcohol/w ixture were removed by
distilIationn.Etfflzl%ega?cézpfﬁc\)/\?gizl]peal%mmig<[§g1I \?v%}tl%aggf Véa(gﬁvaa ér.z h%f?gsri%fﬁeafcf%tgﬁe%]@(%%%e{%perature,
was filteréq oeighgairit2Shilgeo Thedtilal (oadéobteskdsidueandy 2346 944614 Milkilvecmudy liquid

having a 4.2 obtai i le, t | ) ry residue:
30.8% by o D ot T by R DBl nele T o s T L 0 v
by weightExanfie s$rzsi fop 1 Soved dpPammeisonticraerkling Q8lite 8htreywetdridever was

charged Wlginiieagn aUIeSRIRIAINED F¥b9,0.@ WalelRnd %0 B OHRENRAELELCRIR = 8536 by
weight). 514.5 g of HP 5540 and subsequeng)éego g of GLYMO were metered in (pH determined after

the additiBh i \Was) e fsethiriarchdds heekddd® S STEoamic3rdd Hde fPt Foth 7a Byrwei@tormic acid

(HCOOH;r 8afér by wealghh prersy adslerhianghAal Ry nasviand: Mgt yakesmetersdan via the
metering device, It was necessary to add a further 1.77%iln total of formic acid (HCOOH = 85% by

weidht) il'GHiEr F R EERRBr G e hisRR 4818 oweh AR SRt RGN et BEEY fol8ours. In
between, rérhqofi foyraistaieitbtH CROMA =B s uwetgitiwre gz ryeiereddn, Th@ivadue,

cooled o room temperature, was filtered on a paint filter. The final mass of the

residue was 1279.92 g.

A mitkily cloudy, slightly orange liquid having a pH of 4.0 was obtained. The product
15  is stable on storage for at least 6 months.

Dry residue: 20.3% by weight

SiO; content: 9.7% by weight

Free methancl: 0.8% by weight

Free ethanotl: 0.4% by weight
20

Example 12

A 2 | stirred apparatus with metering device and reflux condenser was charged under
nitrogen atmosphere with 1041.7 g of water and 3.63 g of formic acid (HCOOH =

25  85% by weight). 305.0 g of Levasil ® 100S/45 and subsequently 210 g of GLYMO
were metered in (pH determined after the addition = 3.5) and the mixture was heated
to 65 °C and stirred for 1 hour. 11.79 g of formic acid (MCOOH = 85% by weight)
were added, and 90 g of bis-AMEO were metered in via the metering device. All in all
it was necessary to add a further 6.67 g of formic acid (MCOOH = 85% by weight) in

30  order to reach a pH of 3.8. This was followed by further stirring at 65 °C for 3 hours.
Finally, at approximately 120 mbar, 320.71 g of alcohol/water mixture were removed
by distillation. The batch was admixed with 55.38 g of water. The residue, cooled to
room temperature, was filtered on a paint filter. The final mass of the residue was
1316.62 g.



30 pH of 4.0. Finally, at approximately 180 mbar, 314.63 g of alcohol/water mixture were removed by
distillation. The batch was admixed with 38.02 g of water. The residue, cooled to room temperature,
was filtered on a paint filter. The final mass of the yesidue was 1334.02 g. 5A milkily cloudy liquid
having a pH of 4.3 was obtained. The product is stable on storage for at least 6 months. Dry residue:
31.0% by weight Si02 content: 20.7% by weight Free methanol: 1.1% by weight 10Free ethanol: 0.5%
by weight ERARISEILEK APRH S Bt Eh G5 Ao RANR SR I AKATUFL R SRS was charged
under 15stseganfatmprehe® wihtA£03.7 g of water and 3.0 g of formic acid (HCOOH = 85% by
weight). ?53 g of HP. %%4&)a/and subsgfuently 210 g of GLYMO were metered in (pH determined after
the additiol’= 3.0) ané the %tf%tﬁ'vr%i%v s heated to 65 C and stirred for 1 hour. 11.88 g of formic acid
(HCOOHS:B5e6 iy meighg weyenadgleld, and 90 g of bis-AMEO were metered in via the metering

devige. It Y.t dﬁj 20a. further 2.32 g of formic acid (HCOOH = 85% by weight) in order to
reac%ea p'l{\{%% %%?ﬁﬁié[ﬁa%@o gv%%glg‘)} further stirring at 65 C for 3 hours. Finally, at approximately

200 mbaf; Be1e8T2g@f 8160hoYwat@hinixture were removed by distillation. The batch was admixed with
28.71 g of water. The residue, cooled to room temperature, was filtered on a paint filter. The final mass
of the residue was 251343.39g. A milkily cloudy liquid having a pH of 4.2 was obtained. The product is
stable onX@mgletddat least 6 months Dry residue: 25.9% by weight Si02 content: 15.7% by weight
30Free methanol: 1.1°)/0 by weight Free ethanol: 0.5% by weight Example 19 31 A 2 | stirred
apparatus with metering device and reflux condenser was charged under nitrogen atmosphere with

11751 gdralatErethar e gluprafihiatsaBeRYEa 2ndsfey GrigRNSAMas §RAaedssadeand

subsequeiiyHOgrab i MQes metergdvnépHrietermined aiiaidheadditencr2-0y and the

mixture was heated 50 5C a}_rim 5stirred for 1 hour. 11.73 %of formic acid (HOOCH = 85% by weight)
were ad\(lj\{é\ﬂw t). 392 g of 15635 and subsequently 210.8 g of GLYMO were metered in

(pH determined after the addition = 3.0) and the mixture was heated to 65 °C and
stirred for 1 hour. 11.79 g of formic acid (HCOOH = 85% by weight) were added, and
15 90 g of bis-AMEQO were metered in via the metering device. All in all it was necessary
to add a further 2.58 g of formic acid (HCOOH = 85% by weight) in order to reach a
pH of 4.0. This was followed by further stirring at 65 °C for 3 hours. Finally, at
approximately 160 mbar, 291.96 g of alcohol/water mixture were removed by
distillation. The batch was admixed with 12.23 g of water and also with 1.04 g of
20 formic acid (HCOOH = 85% by weight). The residue, cooled to room temperature,
was filtered on a paint filter. The final mass of the residue was 1359.80 g.
A slightly yellow, milkily cloudy liquid having a pH of 4.2 was obtained. The product is
stable on storage for at least 6 months.
Dry residue: 25.8% by weight
25  SiO; content: 15.6% by weight
Free methanol: 1.5% by weight
Free ethanol 0.7% by weight

Example 14
30

A 2 | stirred apparatus with metering device and reflux condenser was charged under
nitrogen atmosphere with 501.8 g of water and 1.5 g of formic acid (HCOOH = 85%
by weight). 171.6 g of HP 5540 and subsequently 105.7 g of GLYMO were metered

in (pH determined after the addition = 2.0) and the mixture was heated to 65 °C and



90 g of bis-AMEO were metered in via the metering device. It was necessary to add a further 0.91 g of
formic acid (HOOCH = 85% by weight) in order to reach a pH of 4.0. This was followed by further
stirring at 65 C for 3 hours. Finally, at approximate}g 190 mbar, 336.96 g of alcohol/water mixture were
removed by 10 distillation. The batch was admixed with 58.03 g of water. The residue, cooled to room
temperature, was filtered on a paint filter. The final mass of the residue was 1314.02g. A cloudy, pale

beige liquitFRAHY A PRrerBES W4l BmiReE T HEASHI G RostaBrevsiiahibragecrarde e a81% months.

15Dry residuss 3 bRByhysyright 5i02 centemiettPembyaweiohidsen anathreaol: Q,9%0 by weight Free
ethanol: 0.5% bg/ weight éo @%ﬁwpl e%rg A 2fl stirred apparatus with metering device and reflux
condensetTaE AR TRy E)ﬁ SIS AR 1SS o R ReVEID. 7Y B Formic acid

(HOOCHTts R&thby mieight) 3158ig whSiolMwatefumgleredritngnd e mikitcehyasheatedyio 2565 'C
and stirred for 1 hour, 18. of formi id (HQOCH = 85% hy weight) were added, and 30 g of
Dynz?sylaﬁba,g g '%egy cz)“ yrﬁ]gglgn%?l%é K/\%?g%rﬁﬂé%%ed m%’fa'“ %/?%%{éaﬁﬁ%v&ge de. This was
followed Io\sfiiittien sfifng=datto B89 don8xecursiFidally, aobpptexmnatelgd 4dtmhae, §3#.97 g of
alcohol/water mi YR80 istillatiop, T tch w X ith 13.65 g of water. The
residue, (%t'gf[gg]%?ggroom té?{mp%\égjtgu% %Iv%%i'ﬁl)tlg@ (Ebrfsa ééitczoﬁégg i t%‘?%l\g ﬁ r%&"l'n%a’l mass of the
residue Wags1Blers8q) A prial filfenolisHinguarsinidghe pesoiue BvamSbidiried. The product is stable

on storagg [aliah|eRsi RANIAa RG & DU 46 - iieian! ALIRRGENeTtaBd Py weight Free

methanol: 1.3% by weight Free ethanol: 1.1% by weight 5 Example 21 A 2 | stirred apparatus with
met&¥ing HOVRES dRbIFERIRIDNUEMHESr was charged under nitrogen atmosphere with 1419.98 g of
water anthé, Q4 gRfdopmigeatid (feg@OH = 85% by weight). 150 g of GLYMO were metered in and the
mixture was heated to 1065 C and stirred for 1 hour. 11.80 g of formic acid (HOOCH = 85% by weight)
were adde? R 6eNG dPBYARYEHEN and 90 g of Dynasylan0 1122 were metered in via the metering
device. Thizwas:falewed hyfusthesighering at 65 C for 3 hours. Finally, at approximately 150 mbar,
417.63 g ng aIcSBoI/WEaé%gniﬁture Wﬁie removed by distillation. The batch was admixed with 81.99 g of
water. The' FEsTUE" Cboled &) BFRSHT temperature, was filtered on a Seitz T-950 filter plate. The final
madg$of the

Example 15

A 2 I stirred apparatus with metering device and reflux condenser was charged under
nitrogen atmosphere with 1150.7 g of water and 2.0 g of formic acid (HCOOH = 85%
20 by weight}. 196 g of HP 1535 and subsequently 210 g of GLYMO were metered in
{pH determined after the addition = 2.5} and the mixture was heated to 65 °C and
stirred for 1 hour. 11.73 g of formic acid (HCOOH = 85% by weight) were added, and
90 g of bis-AMEO were metered in via the metering device. It was necessary to add
a further 2.6 g of formic acid (HCOOH = 85% by weight) in order to reach a pH of 4.0.
25 This was foilowed by further stirring at 65 °C for 3 hours. Finally, at approximately
230 mbar, 321.52 g of alcohol/water mixture were removed by distillation. The batch
was admixed with 42.85 g of water and also with 1.0 g of formic acid (HCOOH = 85%
by weight). The residue, cooled to room temperature, was filtered on a paint filter.
The final mass of the residue was 1328.12 g.
30 A milkily cloudy liquid having a pH of 4.3 was obtained. The product is stable on
storage for at least 6 months.
Dry residue: 20.7% by weight
Si0; content: 10.7% by weight
Free methanol: 1.1% by weight



residue was 1306.34 g. A clear, yellowish liquid having a pH of 4.5 was obtained. The product is stable
on storage for at least 6 months. Dry residue: 13.4% by weight 20Si02 content: 5.8% by weight Free
methanol: 0.8% by weight Free ethanol: 0.7% by weight Example 22 25 A 2 | stirred apparatus with
metering device and reflux condenser was charged under nitrogen atmosphere with 1525.36 g of
water and_2.06 g of formic acid (HOOCH = 85% by weight). 180 g of GLYMO were metered in and the
mixture Wa€h 5 B> BV for 1 hour. 15.00 g of formic acid (HOOCH = 85% by weight)
were 30added, and 15 g of Si 264 and 105 g of Dynasylan0 1122 and were metered in via the
metering device. This was followed by further stirring at 65 C for 3 hours. Finally, at approximately 130
mbar, 408.08 g of alcohol/water mixture were removed by distillation. The batch was admixed with
124.11 g Bxkwaiele TBe residue, cooled to 33 room temperature, was filtered on a Seitz T-950 filter
plate, The final mass of the residue was 1417.98g. A clear, yellowish liquid having a pH of 4.5 was
obtained The product is stable on storage for at least 6 months 5Dry residue: 13.4% by weight Si02
content: 33124 #yrwgighpErakimeithaneled9ysbyioreigit Ride ethrdwisersyeabyiveeigit a0dexample 23

A 2 | stirr r ' i f - r_nigragen
mosphes o o O o 50 o
GLYMO Wer¥gigdvar&d droapld tRe! Mikiand b yrsaiedtho 28 a5of Ghdlditregrometesat 16.01 g of

formic acig (HERAR = 85HuP i Hessasider and 30g o POASHRRAA 228+ and, 105 g of

DynasylanQ 1122 were metered in via the metering device. This was followed by further stirring at 65

C for3 hairEe Al "t apbrddraakiormye asishitiza® § 8P nddnurigbM @ Rdré@fémoved by
distillatioy(Theaishyyas-asimizedwit hagfiarolwater nidieriesidbaceoniad (R20rmeMead

temperature, was filtered on a Seitz 1-950 filter plate. The final mass of the residue was 1433.42 g.
by turther stirring at 65 °C for 3 hours. Finally, at approximately 300 mbar, 306.17 g

of alcohol/water mixture were removed by distillation. The batch was admixed with
25.15 g of water. The residue, cooled to room temperature, was filtered on a paint
15  filter. The final mass of the residue was 1346.94 g.
A milkily cloudy liquid having a pH of 4.2 was obtained. The product is stable on
storage for at least 6 months.
Dry residue: 30.8% by weight
Si0, content: 20.5% by weight
20 Free methanol: 1.3% by weight
Free ethanol: 0.6% by weight

Example 17
25

A 2 | stirred apparatus with metering device and reflux condenser was charged under
nitrogen atmosphere with 831.9 g of water and 3.0 g of formic acid (HCOOH = 85%
by weight}. 514.5 g of HP 5540 and subsequently 210 g of GLYMO were metered in
(pH determined after the addition = 2.0) and the mixture was heated to 65 °C and

30 stirred for 1 hour. 11.74 g of formic acid (HCOOH = 85% by weight) were added, and
90 g of Dynasylan® 1122 were metered in via the metering device. It was necessary
to add a further 1.77 g in total of formic acid (HCOOH = 85% by weight) in order to
reach a pH of 4.0. This was followed by further stirring at 65 °C for 3 hours. In
between, 1.1 g of formic acid (HCOOH = 85% by weight) were metered in, to give a



A yellowish liquid having a pH of 4.5 was obtained. The product is stable on storage for at least 6
months. Dry residue: 13.5% by weight 25Si02 content: 5.1% by weight Free methanol: 0.8% by weight
Free ethanol: 0.4% by weight Example 24 30 A 2 kgtirred apparatus with metering device and reflux
condenser was charged under nitrogen atmosphere with 1525.28 g of water and 2.02 g of formic acid
(HCOOH = 85% by weight). 179.91 g of GLYMO were metered in and the mixture was heated to 65 C
and stirreB T PrbrNEEY Piesrioreiila 1RICOEN 219594 yrhRleppveateaRixiied et 15.84 g

of DynasylsneVdd dodail sk 3 Beob Reh M2y avenestriaied 810 thewaesermeedevieriel his was
rther stirring at 65 C for 3 houyrs. Finally, at a oxirgatg%zoo mbar, 335.83 g of

followed by f )
alcoholEUSISHIGURE et TRRRBULE By LR P T BAICH Flad AERLETRR 83750 g of water. The
residue, cesleddanaroodBtedipgrature, was filtered on a Seitz T-950 filter plate. The final mass of the

residue was 1491.779.,A clear, colourless, liqujd.havin H of 4.5 was . obtained, The product is
Cbld o A R e B B e B o T SnE 6 T oy i
Free metlsérrad fovmbieasighnbnéesethanol: 0.6% by weight Example 25 15 A 2 | stirred apparatus

with metex ggw 8'83”Idd fl gg;q‘qnser was charged under nitrogen atmosphere with 1525.68 g of
water and 2,02 gf o@ fbrmic%ctlj'gfll-l OCH = 85% by weight). 180.15 g of GLYMO were metered in and

the mixtufefimgoméenédib b5 b wabktirred for 1 hour. 15.01 g of formic acid (HOOCH = 85% by
weight) were20a8ed,and, %9&8\&%@ 264 in methanol (1:1) and 105 g of Dynasylan0 1122 were
metered in via the metering device. This was followed by further stirring at 65 C for 3 hours. Finally, at
apptOximhtesy Q@@Wﬁ&;@%@!SS"@‘@)*F%ICOhollwater mixture were removed by distillation. The batch
was admixed with 67.71 g of water. The residue, cooled to room temperature, was filtered on a Seitz
T-950 filter plate. The final mass 250f the residue was 1474.32 g. A clear, colourless liquid having a
pH of 4.5 tHed The product is stable on storage for at least 6 months.

A 2 | stirred apparatus with metering device and reflux condenser was charged under
15 nitrogen atmosphere with 1003.7 g of water and 3.0 g of formic acid (HCOOH = 85%
by weight). 343 g of HP 5540 and subsequently 210 g of GLYMO were metered in
(pH determined after the addition = 3.0} and the mixture was heated to 65 °C and
stirred for 1 hour. 11.88 g of formic acid (HCOOH = 85% by weight) were added, and
90 g of bis-AMEQO were metered in via the metering device. It was necessary to add
20  afurther 2.32 g of formic acid (HCOOH = 85% by weight) in order to reach a pH of
4.0. This was followed by further stirring at 65 °C for 3 hours. Finally, at
approximately 200 mbar, 311.97 g of alcohol/water mixture were removed by
distillation. The batch was admixed with 28.71 g of water. The residue, cooled to
room temperature, was filtered on a paint filter. The final mass of the residue was
25 1343.39g.
A milkily cloudy liquid having a pH of 4.2 was obtained. The product is stable on
storage for at least 6 months.
Dry residue: 25.9% by weight
510, content: 15.7% by weight
30  Free methanol: 1.1% by weight
Free ethanol: 0.5% by weight

Example 19



Dry residue: 13.6% by weight 5i02 content: 5.1% by weight 30Free methanol: 1.3% by weight Free
ethanol: 0.6% by weight Example 26 35 A 2 | stirred apparatus with metering device and reflux
condenser was charged under a nitrogen atmosphgre with 1203.89 g of water and 3.00 g of formic
acid (HCOOH = 85% by weight). Then 135.68 g of Kostrosol 3550 were added rapidly and 180 g of
Dynasylan0.GLYMO were metere% in via a metering device. The batch was heated 5to 65 C and

stirred at that RHHSEARIBTOFS WL ME RN SRYRRIRNELIE I HCESBHP L85 94as - NRiGRE W added,
and 120 gividgynasylaspHd@2wrerel Taeted iwer thedietegiogidemicea AdieHCTSOSFiBg Was

ti t 65 diti 1.11 f i i OH=85% b ight)
acded FAI K oLt LBGHLAY, S04 5 o HEGH TR Nh8 reihoVa By GARLS The batch
_ﬁ)]was f\c{rmi'rkd&wrthim " mellachtﬁiiqnizteﬁjl.@l))b)ndal’@rn?mm rfmwamaeslateﬁth? ﬁslés‘)iﬁwlleats 1347t.82 g.
e hatc i . 0 oye 36, alco ater, mixture,
and \%as %ﬁyﬁ%idqu %vﬂﬁ@fgg ; %2%?&?/@@% %él/gl cﬁgggggrﬁesmf ue %%g ﬁ%&gﬁ\l)\% %ta gﬁ%¥3g filter
plate. 15Rfefinbbisrddd Piiue e silierachin M The 2g el inigkgavhiee liguis heviegsarpiboidgproximately
4.3 was obgiped d18e BIopkGHiR slalle RS i %&y'a%%%yy%ﬂa%@ms&'rﬁgjg 14Qp% by weight

Si02 content: 10.8% by weight 20Free methanol: 0.4% by wei ree ethanol: 0.7% by weight

Example 4P 25NDWatifRig Upp aratushs ineteriddelico addeenitnd doallierer was charged under a

hitrogen aimpsiiesewitod 08K H 1ot anth BN :of FRsmicAgiddHERREG5% by weight).
Then 271.09 f%gf Kostrosol 3550 were added rapidly and 180.169 of GLYMO were metered in via a

met&Ping VIO d BRRR Ty FRatn e G At sitral wRiea BmissidiFeorRp'echisur. 30After

stirring at8br tohpdratilidhedatnkwasadiusied s pHhefdd with apradditanali’ g of formic acid
(HCOOH 1323260 by weight) and stirred again at 65 00 for 0.5 hour. Then 17.71 g of formic acid

(HCOOH 0 by weight) were added and 120.06 g of Dynasylan0 1122 were metered in. After this,
stirring ofAhechatghpaasbeige liquid having a pH of 5.0 was obtained. The product is stable on

storage for at least 6 months.
15 Dryresidue: 21.2% by weight
Si0; content: 10.7% by weight
Free methanol: 0.9% by weight
Free ethanol: 0.5% by weight

20 Example 20

A 2 | stirred apparatus with metering device and reflux condenser was charged under
nitrogen atmosphere with 1336.11 g of water and 2.07 g of formic acid (HCOOH =
85% by weight). 150 g of GLYMO were metered in and the mixture was heated to
25 65 °C and stirred for 1 hour. 18.21 g of formic acid (HCOOH = 85% by weight} were
added, and 30 g of Dynasylan® A and 120 g of Dynasylan® 1122 were metered in
via the metering device. This was followed by further stirring at 65 °C for 3 hours.
Finally, at approximately 140 mbar, 332.97 g of alcohol/water mixture were removed
by distillation. The batch was admixed with 13.65 g of water. The residue, cooled to
30 room temperature, was filtered on a Seitz T-950 filter plate. The final mass of the
residue was 1311.58 g.
A clear, yellowish liquid having a pH of 4.5 was obtained. The product is stable on
storage for at least 6 months.

Dry residue: 14.7% by weight



continued at 65 C for 3 hours and an additional 3.21 g of formic acid (HCOOH = 36 85% by weight)
were added. Finally, at about 160 mbar, 343.80 g of alcohol/water mixture were removed by
distillation. The batch was admixed with 48.91 g o4ully deionized (DI) water. The cooled residue was
filtered on a Seitz T-950 filter plate. 5The final mass of the residue was 1308.51 g. A milky white liquid
having a pH_ of approximately 4.0 was obtained. The product is stable on storage for at least 6 months.
Dry resid 26 996 BY %éf@%%@%ﬂtent: 15.8% by weight 10Free methanol: 1.0% by weight Free

ethanol: b3 meweight Exxamplewi8gA 2 | stirred apparatus with metering device and reflux
condenser was charged upder a nitrogen atmosphere with 1203.54 g of water and 2.99 g of formic
S oy it VR

acid (HC 68 et t)'."%‘ﬂ 135.59 g of Kostrosol 3550 were added rapidly and 165 g of

GLYMO were metered in via a metering device. The batch was heated to 65 C and stirred at that
tempgratys for ehQJ'Jrs. 20Dry residue: 20.4% by weight Si02 content: 13.6% by weight Free
methanol%: ight Free ethanol: 0.5% by weight 25 Example 29 A 2 | stirred apparatus with
metering device and reflux condenser was charged under a nitrogen atmosphere with 1203.16 g of

water 50 0 foie 00 (HEAORT B urioh e 43655 . Kasiasc dogp were

added rapidly and 165 g of 30 GLYMO were metered in via a meterin atch was heated

to 65 C. dHiegrreataasRiieemwEnatdid 88 7 Rbwelepapeeditdd 20fs9ribyrwidigheSi0Hcantent: 11.0%
by weightgrrea,neitigRal: 158% Y AIRD were metered in and the mixture was heated to

10 65 °C and stirred for 1 hour. 11.80 g of formic acid (HCOOH = 85% by weight) were
added, and 60 g of Dynasylan® A and 90 g of Dynasytan® 1122 were metered in via
the metering device. This was followed by further stirring at 65 °C for 3 hours. Finally,
at approximately 150 mbar, 417.63 g of alcohol/water mixture were removed by
distillation. The batch was admixed with 81.99 g of water. The residue, cooled to

15 room temperature, was filtered on a Seitz T-950 filter plate. The final mass of the
residue was 1306.34 g.

A clear, yellowish liquid having a pH of 4.5 was obtained. The product is stable on
storage for at least 6 months.
Dry residue: 13.4% by weight

20  SiO; content: 5.8% by weight
Free methanol: 0.8% by weight
Free ethanol: 0.7% by weight

Example 22
25

A 2| stirred apparatus with metering device and reflux condenser was charged under

nitrogen atmosphere with 1525.36 g of water and 2.06 g of formic acid (HCOOH =

85% by weight). 180 g of GLYMO were metered in and the mixture was heated to

65 °C and stirred for 1 hour. 15.00 g of formic acid (HCOOH = 85% by weight) were
30  added, and 15 g of Si 264 and 105 g of Dynasylan® 1122 and were metered in via

the metering device. This was followed by further stirring at 65 °C for 3 hours. Finally,

at approximately 130 mbar, 408.08 g of alcohol/water mixture were removed by

distillation. The batch was admixed with 124,11 g of water. The residue, cooled to



37 Free ethanol: 0.6% by weight Example 30 5A 2 | stirred apparatus with metering device and reflux
condenser was charged under a nitrogen atmosphere with 1112.88 g of water and 1.01 g of formic
acid (HCOOH = 85% by weight). First of all 225.49-g of Kostrosol K 1530 (pH after the addition = 3.5),
then 180 g of GLYMO, were metered in, and the batch was heated to 65C and stirred for 1 hour. Then
18.71 g of formic acid?&HCOOH = 85% by weight) were added, and_10120 g of bis-AMEO were
metered 1758 B RGERS YaTitEeRA0h1e 51, 1ie BalisT Ratesthred reB et 4 Mours. Finally, at
about 136aibak was.561g gfgaicohol/water mixture were removed by distillation. The batch was
admixed with 20.23 g of water. The residue, cogled to RT, was filtered on a Seitz, T-950 filter plate.
The final BES bR LS ELIsH AR P70 3 e MR RS L &Y A s SEIEA. The prociuct
is stable etosigeafye Erieadeash6ntienths. Dry residue: 20.9% by weight Si02 content: 10.5% by weight
Freegnethanol: 1.2% ight 20Free ethanol: 0.8% by weight Example 31 25A 2 | stirred apparatus
with ?rnnetegr?r)(g?e é\gll(}:% ggd%f%&%gﬁéZnser was charged under nitrogen atmosphere with 1220.56 g of
water and 0 Zenegformict’abid WeQBIOH = 85% by weight). 180 g of GLYMO were metered in and the

mixture was heatad 10,65 G %Uéri%ﬂtfor 1 hour. 15.00 g of formic acid (HCOOH = 85% by weight)
were added, and 90 g of bisfAMEO Were metered in via the metering device. After 15 30minutes, 30.0

g of PTMO &6eféhanged. Ateabgrvefalno, the batch was stirred at 65 C for 3 hours. Finally, at
approximately 130 mbar, 316.39 g of alcohol/water mixture were removed by distillation. The batch
was admixed with 18.68 g of water. The residue, cooled to RT, was filtered on a Seitz T-950 filter
plaﬂs{.) ThEXRTINEES of the residue was 1212.58 g. 38 A clear, yellowish liquid having a pH of 4.0 was
obtained. The product is stable on storage for at least 6 months.

A 2 | stirred apparatus with metering device and reflux condenser was charged under
nitrogen atmosphere with 1540.21 g of water and 2.06 g of formic acid (HCOOH =
85% by weight). 180 g of GLYMO were metered in and the mixture was heated {o
15 65 °C and stirred for 1 hour. 15.01 g of formic acid (HCOOH = 85% by weight) were
added, and 30 g of Dynasylan® 2201 and 105 g of Dynasylan® 1122 were metered
in via the metering device. This was followed by further stirring at 65 °C for 3 hours.
Finally, at approximately 150 mbar, 424.56 g of alcohol/water mixture were removed
by distiliation. The batch was admixed with 123.63 g of water. The residue, cooled to
20  room temperature, was filtered on a Seitz T-950 fiiter plate. The final mass of the
residue was 143342 g.
A yellowish liquid having a pH of 4.5 was obtained. The product is stable on storage
for at least 6 months.
Dry residue: 13.5% by weight
25  SiO; content: 5.1% by weight
Free methanol: 0.8% by weight
Free ethanol: 0.4% by weight

Example 24
30

A 2 | stirred apparatus with metering device and reflux condenser was charged under
nitrogen atmosphere with 1525.28 g of water and 2.02 g of formic acid (HCOOH =
85% by weight). 179.91 g of GLYMO were metered in and the mixture was heated to
65 °C and stirred for 1 hour. 15.01 g of formic acid (HCOOH = 85% by weight) were



Dry residue: 16.9% by weight Si02 content: 6.7% by weight 5Free methanol: 1.6% by weight Free
ethanol: 0.6% by weight Example 32 10 A 2 | stirred apparatus with metering device and reflux
condenser was charged under nitrogen atmosphesg with 1333.02 g of water and 1.98 g of formic acid
(HOOCH = 85% by weight). 135.69 g of GLYMO were metered in (pH after the addition = 3.0) and the
mixture was heated to 65 C and stirred for 1 hour. 20.0%%0f formic acid (HOOCH = 85% by weight)

were theASHRte@shi01%h DI PeneruIgNR H 1haFe attniierdd thiR thé métary etreed Ater 15
minutes, 4.9 waw@m@badmaé\t@t@we@f @{?T/tmeb@tﬁhr\@a& giyresiiat @51%5[;%{ 3 h0|:1r8-
Finally, at approximately 130 r, 344.63 g of alcohal/water mixture were remove istillation.
The batsﬁfwgt\%’*a%{%i&%%mfﬁ%%o B}Ahﬁ&tgﬁgl%\% Qe%ﬁm%éa&eforw?{ﬁa@?fﬁe%@ ¥4 Seitz K-900
filter platey Thetifiatb mase afdod residacrmesdl340.85. 89 204 slear, yelovdshiliguiddiadng a pH of 3.9
was pobtained. The product is stable on storage. fo 6 months, Dry residue: 14 7% by weight
107 con B B s e R S ol B ¥ e PR S e a5 8 it
Examplergsidug wetirretP appagatus with metering device and reflux condenser was charged under

3onioqen AMOSSAIU 438450601 wtes A 2L g ahoimiaeORCHG %p by weigh)

t
120.27go were metered in ter the addition ) and ture was heated to 65 C
and stirrédiGee frouat 2ot § ePfmic acid (HOOCH = 85% by weight) were then added, and 119.75

g of bis-@\éﬁ,@%g q’@t@r@g%nﬂ}g {ae metering device. After 15 minutes, 60.35 g of PTMO were
added. A,39 At a pH of 3.9, the batch was stirred at 65 C for 3 hours. Finally, at approximately 130

mb4¥, 312181 ePhiNEohdiMvaterRiBttire were removed by distillation. The batch was admixed with
3.59 g ofpwatenckhgn@sitlue, egalrddger RT, was filtered on a Seitz K-900 filter plate. The final mass of
the residue was 1329.04g. 5A clear, yellowish liquid having a pH of 3.9 was obtained The product is
stable orl SESTEJARSY Y 1B 4sP¥ W%ﬂﬂ{s. Dry residue: 14.8% by weight Si02 content: 6.0% by weight
Free methanol: 1.4% by weight

Example 25
15
A 2 | stirred apparatus with metering device and reflux condenser was charged under
nitrogen atmosphere with 1525.68 g of water and 2.02 g of formic acid (HCOOH =
85% by weight). 180.15 g of GLYMO were metered in and the mixture was heated to
65 °C and stirred for 1 hour. 15.01 g of formic acid (HCOOH = 85% by weight) were
20  added, and 29.98 g of Si 264 in methanol (1:1) and 105 g of Dynasylan® 1122 were
metered in via the metering device. This was followed by further stirring at 65 °C for 3
hours. Finally, at approximately 130 mbar, 370.58 g of alcohol/water mixture were
removed by distillation. The batch was admixed with 67.71 g of water. The residue,
cooled to room temperature, was filtered on a Seitz T-950 filter plate. The final mass
25  of the residue was 1474.32 g.
A clear, colouriess liquid having a pH of 4.5 was obtained. The product is stable on
storage for at least 6 months.
Dry residue: 13.6% by weight
SiO; content: 5.1% by weight
30  Free methanol: 1.3% by weight
Free ethanol: 0.6% by weight

Example 26



10Free ethanol: 0.8% by weight Example 34 A 2 | stirred apparatus with metering device and reflux
condenser was charged under 15nitrogen atmosphere with 1265.70 g of water and 3.05 g of formic
acid (HCOOH = 85% by weight). First 133.43 g of4¢Ostrosol 3550 were metered in (pH after the
addition = 3.0), then 134.93 g of GLYMO, and the mixture was heated to 65 C and stirred for 1 hour.
21.08 g of formic acid (HCOOH = 85% by weight) were added, and 119.97 g of bis-AMEO were
metered ift ¢id tHEFHABRRGR IS ) RIEEF IR AR eSS BIFRG N AR TS PN dRided. At a

le Or: 3;/-9athﬂrbgtﬁh MRS SHinead 4iteS1 Qofd@_tsalgqur@alfﬁn@lhd %mp@r&a@m@n%lﬁé%mmaoﬁ?o9 g ofh
alcohol/water mixture were rem y distillation. The batch was admixed with 32.57 g of water. The
residue, c% %(é@fo“ﬁ*ﬁr\ma ?ﬁ%rﬁ%%ga%g%ﬁf@é@ﬂﬁﬁﬁ%}%%‘? PAESH AL LB thEY &5Rlue was
1340.09g0zbAsy ki Aovtidiguick haringed pHief 3 Swtasrabtaivied. The procueids stakiedon storage
for atleast onths.,Dry residuge; 19.8% by, weight Sj02 co t: 11.0% by weight.Free methanol:
L35y Nt SO HHE I L S B e Bl Aot 35! G AT TR b og it metering
device angbféflux wenensersvaddshrged Uit graiifbggenydanio siftisr evaichnie5c04irg b water and
1.96 g of [ i (HCOQRH =,85% jght . L | in (pH after the
addition j%%%%ﬁ%%r%iﬁ%wz% ﬁte#ﬁg\%%g (éga%lﬁggﬁ??e% fo(\rf%?o%vﬁéﬁég:)%ﬁ%g{% formic acid 5
(HCOOH adgimigy Weightyivieneiadded (He@ftt 383% doipighisyrand addrseFaneléd wia the

metering deyigey sﬂf‘%%,?ﬂ%@%&'@ﬁ%@i%&ﬂﬂ%ﬂwg FERRG UG MY SRMIN IR GRam,dhen 119.98 g of
bis-AMEO were metered in. After 15 minutes, 30.08 g of PTMO were added. At a pH of 3.9, the batch

was' Stirretiast BETRY Voo SRiaAN LY slsibiaRthtel) watembar, 340.64 g of alcohol/water mixture

were 10rerpeved by sistidation ek eedidyq.3aq0tedfo RT, was filtered on a Seitz K-900 filter plate.
The final mass of the residue was 1259.899. A clear, yellowish IioL;id having a pH of 3.9 was obtained.

The proddQGLe5RIY3H 298R FEstbed db 28PEoHIBIRISY DR FBSRLE BIMRYPRPW&GH for the
applicatiosl¢ests iheproduatevas dilltechwritk s Niwa et q solids,ganter ot dskye weight) Si02

content: GW%OSA)fHPé iyg%i%kAtaFgeeeitgLF}ggg%ﬁ ér.%‘@tgy weight Free ethanol: 1.2% by weight
15 The final mass of the residue was 1347.82 g.
A milky white liquid having a pH of approximately 4.3 was obtained.
The product is stable on storage for at least 6 months.
Dry residue: 20.6% by weight
SiO; content: 10.8% by weight
20 Free methanol: 0.4% by weight

Free ethanol: 0.7% by weight

Example 27

25 A 21 stirred apparatus with metering device and reflux condenser was charged under
a nitrogen atmosphere with 1067.61 g of water and 3.00 g of formic acid (HCOOH =
85% by weight}. Then 271.09 g of Késtrosol 3550 were added rapidly and 180.16 ¢
of GLYMO were metered in via a metering device. The batch was heated to 65 °C
and stirred at that temperature for 1 hour.

30 After stirring at 65 °C for 1 hour, the batch was adjusted to a pH of 3.0 with an
additional 2.79 g of formic acid (HCOOH = 85% by weight) and stirred again at 65 °C
for 0.5 hour. Then 17.71 g of formic acid (HCOOH = 85% by weight) were added and
120.06 g of Dynasylan® 1122 were metered in. After this, stirring of the batch was
continued at 65 °C for 3 hours and an additional 3.21 g of formic acid (HCOOH =



20 Experiments on the stability of aqueous binders in the alkaline range Binder from Solids content
(c)/0 by weight) after addition of aqueous KOH pH adjusted withAssessment of stability aqueous KOH
toof alkalified binder Example 8 10 12stable Examyye 7 10 12stable Example 6 10 12 stable Example
3 10 12 stable Example 2 10

85% by weight) were added. Finally, at about 160 mbar, 343.80 g of alcohol/water
mixture were removed by distillation. The batch was admixed with 48.91 g of fully
deionized (D) water.
The cooled residue was filtered on a Seitz T-950 filter plate.
5 The final mass of the residue was 1308.51 g.

A milky white fiquid having a pH of approximately 4.0 was obtained.
The product is stable on storage for at least 6 months.
Dry residue: 26.0% by weight
SiO; content: 15.8% by weight

10 Free methanol: 1.0% by weight
Free ethanol: 0.5% by weight

Example 28

15 A 2| stirred apparatus with metering device and reflux condenser was charged under
a nitrogen atmosphere with 1203.54 g of water and 2.99 g of formic acid (HCOOH =
85% by weight). Then 135.59 g of K&strosol 3550 were added rapidly and 165 g of
GLYMO were metered in via a metering device. The batch was heated to 65 °C and
stirred at that temperature for 2 hours.

20  Dry residue: 20.4% by weight
SiO; content: 13.6% by weight
Free methanol: 1.2% by weight
Free ethanol: 0.5% by weight

25 Example 29

A 2 | stirred apparatus with metering device and reflux condenser was charged under

a nitrogen atmosphere with 1203.16 g of water and 3.00 g of formic acid (HCOOH =

85% by weight). Then 135.55 g of K&strosol 3550 were added rapidly and 165 g of
30 GLYMO were metered in via a metering device. The batch was heated to 65 °C and

stirred at that temperature for 2 hours.

Dry residue: 20.5% by weight

Si0y content: 11.0% by weight

Free methanol: 1.5% by weight



12 stable The pH of samples of the acidic aqueous binders from Examples 2, 3, 6, 7 and 8 was
adjusted to pH 12 using a 10% strength aqueous KOH solution. For this, alkali 41 solution was added
rapidly. The examples marked in the table as "stahle" were stable at the stated pH for at least 1 week.
Application Examples 1. Cleaning of the R-36 steel test panels made of DC01 C290, 152x76x0.8
mm 5(Rocholl) The sf | test panels were cleaned with an organic solvent (ethyl acetate) and then
placed info §f &ikaNA ﬁlga(ﬁ%b%%ﬂmcomposition: 10.0 g/l S 5610 (Chemetal), pH 11.5, 60 "C, 35
seconds). Following alkaline cleaning, the metal substrates were 10rinsed with DI water. The excess
water wa blonwn‘frgw the surface using a compressed-air gun. 2. Corrosion investigations 15The
corrosionﬁe&é—?&%ﬁ#eferred to for short as NSS) were carried out in a salt spray mist (testing
according to DIN 50021-55). The cross-cut tests were carried out in accordance with EN 1SO 24009.

3. Addlitio sed fo licati xamples 20 - Zing dust "superfine” 3 micron (Numinor) (zinc
powder) %%%@R%%%%ﬂéggﬁﬁ%ﬁ@ﬁ%‘ggﬁ% %n%?ﬁ&r)élC%%}?agacnesgds%?gncﬁﬁég;? g{/‘fgﬁox Red
130 BM (HartkEsedinGoh& SritH) (brgl S dodirantanian & 208Y diferOxideReédSa&INUMINOR)

(zinc oxidgy 45 SV IR (IBRLSL 18 IS (LYsIAlingssliea dil RI0%0ANER™ 5.5)
then 180 g of GLYMO, were metered in, and the batch was heated to 65 °C and stirred
for 1 hour. Then 18.71 g of formic acid (HCOOH = 85% by weight) were added, and

10 120 g of bis-AMEO were metered in via the metering device. At a pH of 4.0, the batch
was stirred at 65 °C for 3 heurs. Finally, at about 130 mbar, 321.56 g of alcohol/water
mixture were removed by distillation. The batch was admixed with 20.23 g of water.
The residue, cooled to RT, was filtered on a Seitz T-950 filter plate. The final mass of
the residue was 1334.77 g.

15 A ligwd having a pH of 4.0 was obtained. The product is stable on storage for at least
6 months.

Dry residue: 20.9% by weight

Si0; content: 10.5% by weight

Free methanol: 1.2% by weight
20  Free ethanol: 0.8% by weight

Example 31

25 A 21 stirred apparatus with metering device and refiux condenser was charged under
nitrogen atmosphere with 1220.56 g of water and 2.02 g of formic acid (HCOOH =
85% by weight). 180 g of GLYMO were metered in and the mixture was heated to
65 “C and stirred for 1 hour. 15.00 g of formic acid (HCOOH = 85% by weight) were
added, and 90 g of bis-AMEO were metered in via the metering device. After 15

30  minutes, 30.0 g of PTMO were added. At a pH of 4.0, the batch was stirred at 65 °C
for 3 hours. Finally, at approximately 130 mbar, 316.39 g of alcohol/water mixture
were removed by distillation. The batch was admixed with 18.68 g of water. The
residue, cooled to RT, was filtered on a Seitz T-950 filter plate. The final mass of the

residue was 1212.58 g.



4. Binders used for the comparative application examples Binders used for the application examples
were as follows: 42 Binder 1lreproduced according to Example 3 from W02006/079516 (comparative
composition) dry residue 16.2% by weight Binder 2&ynasylan(r) AR (comparative composition,
solvent-con aining) 5dry residue 27.3% by weight Binder 3from Example 6 (70% GLYMO) dry residue

15.6% by weight Binder 4from _Example 2 (50% GLYMO) dry residue 14.9% by weight 10 Binder 5from
Evample d (608% EV1E) 0y ToURNIESTS H3b et REr Gt ESCAHEIC NS 188icue 20 99

by weightRirger Tiratndasad phe3h4. 5dry residue 15.0% by weight Binder 8from Example 35 dry

residue 1 ?4(Vroeg%¥lv§ig tgo/ 5. @dpig}ipns and preparation of additions B and C inan AM 501 T
universal (ymlxmg machine Pr%mel-gauschild - Addition mixture B:12.06% by weight Zinc Oxide Red

Seal, 12.68% bywenght Bayteregigtdd 130 BM, 35.86% by weight MIOX MICRO 30, 40.00% by
weight Z'%é&’ﬁ%&ﬂg}%ﬁ)q .6% by weight

Free ethanol: 0.6% by weight

Example 32

10 A 21 stirred apparatus with metering device and reflux condenser was charged under
nitrogen atmosphere with 1333.02 g of water and 1.98 g of formic acid (HCOOH =
85% by weight). 135.69 g of GLYMO were metered in (pH after the addition = 3.0)
and the mixture was heated to 65 °C and stirred for 1 hour. 20.09 g of formic acid
(HCOOH = 85% by weight) were then added, and 120.01 g of bis-AMEO were

15 metered in via the metering device. After 15 minutes, 44.96 g of PTMO were added.
At a pH of 3.9, the batch was stirred at 65 °C for 3 hours. Finally, at approximately
130 mbar, 344.63 g of alcohol/water mixture were removed by distillation. The batch
was admixed with 45.51 g of water. The residue, cooled to RT, was filtered on a Seitz
K-900 filter plate. The final mass of the residue was 1340.46 g.

20 A clear, yeliowish liquid having a pH of 3.9 was obtained. The product is stable on
storage for at least 6 months.
Dry residue: 14.7% by weight
SiO; content: 6.9% by weight
Free methanol: 1.0% by weight

25  Free ethanol: 0.6% by weight

Exampie 33

A 2 | stirred apparatus with metering device and reflux condenser was charged under
30  nitrogen atmosphere with 1324.50 g of water and 2.01 g of formic acid (HCOOH =
85% by weight}. 120.27 g of GLYMO were metered in (pH after the addition = 3.0)
and the mixture was heated to 65 °C and stirred for 1 hour. 22.01 g of formic acid
(HCOOH = 85% by weight) were then added, and 119.75 g of bis-AMEQO were
metered in via the metering device. After 15 minutes, 60.35 g of PTMO were added.



25- Addition mixture C:43.13% by weight Sikron M500, 43.13% by weight zinc dust 3 micron, 13.74%
by weight MIOX MICRO 30 - Addition M:Sikron M500 - Addition D:Aerosil 300 30 Additions B and C
were prepared in a universal mixing machine (typgsAM 501 T from Hauschild). Addition mixtures B and
C were each mixed in the universal mixing machine at 3000 rpm for 3 x 30 seconds. 43 6. Preparation
of the comfositions for the comﬁarative application examples in the universal mixing machine (type

AM 501 TPramthaudchildp PattherasdiioR O hbaitbriPnxiiee i Gidtio RIARPERSBBRIEY into the
respectivedindpeb at 3000y BrufesiN 2 seands: 30ed abiesvt @Ry dislimiierd: GrRasHions

prepared for comparative examples (the of the compositions was measured in each_case 30
minutes fSfSVAR Wihis Qﬂ)o%%%%r 6 &SN T LA AR M WaAYRSHINRIES BPKIndeR%g] Mass of
addition BireErdtdit@maveeight fatial ptass bilthe residue was 1329.04 g.

5 A clear, yeliowish liquid having a pH of 3.9 was obtained. The product is stable on
storage for at least 6 months.
Dry residue: 14.8% by weight
SiO; content: 6.0% by weight
Free methanol: 1.4% by weight
10  Free ethanol: 0.8% by weight

Example 34

A 2 | stirred apparatus with metering device and reflux condenser was charged under
15 nitrogen atmosphere with 1265.70 g of water and 3.05 g of formic acid (HCOOH =
85% by weight). First 133.43 g of Kdstrosol 3550 were metered in (pH after the
addition = 3.0), then 134.93 g of GLYMO, and the mixture was heated to 65 °C and
stirred for 1 hour. 21.08 g of formic acid (HCOOH = 85% by weight) were added, and
119.97 g of bis-AMEQO were metered in via the metering device. After 15 minutes of
20 stirring, 44.99 g of PTMO were added. At a pH of 3.9, the batch was stirred at 65 °C
for 3 hours. Finally, at approximately 130 mbar, 370.09 g of alcohol/water mixture
were removed by distillation. The batch was admixed with 32.57 g of water. The
residue, cooled to RT, was filtered on a Seitz K-900 filter plate. The final mass of the
residue was 1340.09 g.
25 A milkily cloudy liguid having a pH of 3.9 was obtained. The product is stable on
storage for at least 6 months.
Dry residue: 19.8% by weight
SiO, content: 11.0% by weight
Free methanol: 1.3% by weight
30  Free ethanol: 1.1% by weight

Example 35



75 wt% B, 25 wt% M 4.0 8.0 :2 r 2 75 wt% B, 25 wr/o M 5016.0:3.27.23 408.01:27.24 4.0
16.01:4

40

A 2 | stirred apparatus with metering device and reflux condenser was charged under
nitrogen atmosphere with 1275.04 g of water and 1.96 g of formic acid (HCOOH =
85% by weight). 120.23 g of GLYMO were metered in {pH after the addition = 3.0)
and the mixture was heated to 65 °C and stirred for 1 hour. 18.03 g of formic acid
5 (HCOOH = 85% by weight) were added, and first 30.12 g of Dynasylan® A were

added via the metering device, and the batch was stirred until it turned from slightly
cloudy to clear. Then 118.98 g of bis-AMEO were metered in. After 15 minutes,
30.08 g of PTMO were added. At a pH of 3.9, the batch was stirred at 65 °C for 3
hours. Finally, at approximately 130 mbar, 340.64 g of alcohol/water mixture were

10 removed by distillation. The residue, cooled to RT, was filtered on a Seitz K-800 filter
plate. The final mass of the residue was 1259.89 g.
A clear, yellowish liquid having a pH of 3.9 was obtained. The product is stable on
storage for at least 6 months.
Dry residue: 17.4% by weight (for the application tests, the product was diluted with

15 Dl water to a solids content of 15% by weight)
SiO; content: 6.2% by weight
Free methanol: 1.2% by weight
Free ethanol: 1.2% by weight

20 Experiments on the stahility of agueous binders in the alkaline range

Binder from Solids content (% pH adjusted with | Assessment of stability
by weight) after aqueous KOH to of alkalified binder
addition of aqueous
KOH
Example 8 10 12 stable
Example 7 10 12 stable
Example 6 10 12 stable
Example 3 10 12 stable
Example 2 10 12 stable

The pH of samples of the acidic aguecus binders from Examples 2, 3, 6, 7 and 8
was adjusted to pH 12 using a 10% strength aqueocus KOH solution. For this, alkali




7.1 1H.. 75 wt% B, 25 wrk M 4.0 8.01:2 7.3 Table 2: 15Compositions'prepared for inventive
application examples (the pH of the compositions was measured in each case 30 minutes following
preparation): Addition 75 wt% B, 25 wtYO M Masg-of binder [g] 4.0 Mass of

solution was added rapidly.
The examples marked in the table as “stable” were stable at the stated pH for at

least 1 week.

Application Examples

1. Cleaning of the R-36 steel test panels made of DC01 C290, 152x76x0.8 mm
5 (Rocholl)

The steel test paneis were cleaned with an organic solvent {ethyl acetate) and then

placed into an alkaline cleaning bath (composition: 10.0 g/l S 5610 (Chemetal), pH

11.5, 60 °C, 35 seconds). Following alkaline cleaning, the metal substrates were
10 rinsed with DI water. The excess water was blown from the surface using a

compressed-air gun.

2. Corrosion investigations

15 The corrosion tests (also referred to for short as NSS) were carried out in a salt spray
mist (testing according to DIN 50021-S8S).

The cross-cut tests were carried out in accordance with EN SO 2409,

3. Additions used for the application examples
26
- Zinc dust “superfine” 3 micron (Numinor) (zinc powder)
- MIOX MICRO 30 {Karntner Montanindustrie) (natural micaceous iron ore)
- Bayferrox Red 130 BM (Harald-Scholz Co. & GmbH) (org. colourant with Fe;O3)
- Zinc Oxide Red Seal (NUMINOR) (zinc oxide)
25 - Sikron M500 (SIBELCO, Benelux) {(crystalline silica dust, SiO, powder)

4. Binders used for the comparative application examples

Binders used for the application examples were as follows:
30



addition [g] 8.0 Binder: addition weight ratio 1:2 44 pH Application Binder Addition Mass Mass of
Binder: examples of binder [9] addition

42

Binder 1 reproduced according to Example 3 from WO2006/079516
(comparative composition)

dry residue 16.2% by weight

Binder 2 Dynasylan® AR (comparative composition, solvent-containing)
5 dry residue 27.3% by weight
Binder 3 from Example 6 (70% GLYMO)
dry residue 15.6% by weight
Binder 4 from Example 2 (50% GLYMO)

dry residue 14.9% by weight
10 Binder 5 from Example 9 (60% GLYMOQO)
dry residue 16.8% by weight

Binder 6 from Example 30

dry residue 20.9% by weight
Binder 7 from Example 31

15 dry residue 15.0% by weight
Binder 8 from Example 35

dry residue 17.4% by weight

5. Additions and preparation of additions B and C in an AM 501 T universal

20 mixing machine from Hauschiid

- Addition mixture B: 12.06% by weight Zinc Oxide Red Seal, 12.08% by weight
Bayferrox Red 130 BM, 35.86% by weight MIOX MICRO
30, 40.00% by weight zinc dust 3 micron

25 - Addition mixture C: 43.13% by weight Sikron M500, 43.13% by weight zinc
dust 3 micron, 13.74% by weight MIOX MICRO 30
- Addition M: Sikron M500
- Addition D: Aerosil® 300

30  Additions B and C were prepared in a universal mixing machine (type AM 501 T from
Hauschiid). Addition mixtures B and C were each mixed in the universal mixing

machine at 3000 rpm for 3 x 30 seconds.



191 addition weight ratio 4 4.08.01:27.2 75wt% B, 25wt% M 4.08.01:27.14472.5 vvt% B', 22.5
wt% M, 5wt% D 4.0 8.0 1:2

43

6. Preparation of the compositions for the comparative application examples in

the universal mixing machine (type AM 501 T from Hauschild)

The addition or addition mixture in question was dispersed into the respective binder
5 at 3000 rpm for 3 x 20 seconds; see Tables 1 and 2.

Table 1:
Compositions prepared for comparative examples (the pH of the compositions was

measured in each case 30 minutes following preparation):

10
Com- Binder | Addition Mass of | Mass of | Binder:addition | pH
parative binder addition | weight ratio
examples [d] [g]
1 1 75 wt% B, 4.0 8.0 1.2 7.1
25 wt% M
2 2 75 wit% B, 5.0 16.0 1:3.2 7.2
25 wit% M
1 C 4.0 8.0 12 7.2
4 2 C 4.0 16.0 1.4 7.1
5 1 75 wt% B, 4.0 8.0 1:2 7.3
25 wt% M
Tabile 2:

15 Compositions prepared for inventive application examples (the pH of the

compositions was measured in each case 30 minutes following preparation}:

Application Binder | Addition Mass | Mass of | Binder: pH
examples | of addition | addition
| binder | [g]  weight
[g] ratio
1 3 75 wt% B, 4.0 8.0 1.2 7.1
25 wt% M




7.3 75wt% B, 25 wt/0 M 4.0 10.0:2.5 6 7 75 wt% B, 25 wt% M 4.0 10.0 1:2.57.2 75 wt% B, 25 wt%
M 4.0 10.0 1:2.57.1

44
Application Binder | Addition Mass | Massof | Binder: pH
examples of addition | addition
binder | [g] weight
igl ratio
2 4 C 4.0 8.0 1:2 7.2
3 5 75 wt% B, 4.0 8.0 1:2 7.1
25 wt% M
4 4 72.5 wt% B, 4.0 8.0 1:2 7.3
22.5 wt% M,
5wt% D
5 6 75 wt% B, 4.0 10.0 1:2.5 7.1
25 wit% M
6 7 75 wt% B, 4.0 10.0 1.2.5 7.2
25 wi% M
7 8 75 wt% B, 4.0 10.0 1:2.5 7.1
25 wit% M

7. Coating of the cleaned steel test panels

The formulations or compositions prepared in accordance with Tables 1 and 2 were
5 applied to the prepared steel test panels - ¢f. item 1 - in a wet film thickness of

80 um, using a four-way film applicator.

After coating, the plates were dried at 20 °C for 24 hours and scribed.

10 The adhesion of the coated substrates was tested by means of a cross-cut test.

Results of cross-cut (EN 1SO 2409) after 24 hours’ curing at 20 °C:
Comparative Example 1. 1
Comparative Example 2: 1
15  Application Example 1: 1
Comparative Example 3: O

Comparative Example 4:

b

Application Example 2:



7. Coating of the cleaned steel test panels  The formulations or compositions prepared in
accordance with Tables 1 and 2 were 5applied to the prepared steel test panels - cf. item 1 - in a wet
film thickness of 80 pm, using a four-way film appligator. After coating, the plates were dried at 20 C
for 24 hours and scribed. 10The adhesion of the coated substrates was tested by means of a cross-cut
test. Results of cross-cut (EN 1SO 2409) after 24 hours' curing at 20 C: Comparative Example 1:1
Comparafr " B5ANR BX8BKnplication Example 1:1 Comparative Example 3:0 Comparative
Example Agpfgnlnatoamprniple 2:1 45 Comparative Example 5: 2 Application Example 3: 0

Application SHamREs Eidmple 41 1

5 In addition, the coated and scribed substrates were tested for corrosion resistance in

a salt spray mist (DIN 50021-55) and assessed.

Results after 26 hours’ salt spray testing (cf. alsoc Table 3):

Comparative Example 1. corrosion at the scribe and partially over the surface
10  Comparative Example 2:  largely corrosion-free

Application Example 1. largely corrosion-free

Comparative Example 3. corrosion at the scribe and over the surface

Comparative Example 4. delaminations of the coating with corrosion

Application Example 2: largely corrosion-free
15
Results after 150 hours in the salt spray mist (cf. also Table 3);
Comparative Example 5. corrosion at the scribe and partially over the surface
Application Example 3: no corrosion at the scribe or over the surface
Application Example 4: corrosion at the scribe and partially over the surface
20

The sample from Application Example 3 was coated with a 2-component epoxy resin:
Standox, EP primer-surfacer and Standox EP hardener. Mixing ratio 2:1 (according
to specification). The coating system was applied using a bar applicator (80 pm wet
film thickness, ~ 30 pym dry film thickness) and cured at 20 °C for 24 hours. A

25  comparative sample (steel panel cleaned only) was likewise coated.
Cross-cut sample 1 (Application Example 3 + epoxy resin coating): 0
Cross-cut sample 2 (steel panel + epoxy resin coating). 0
Both samples were scribed with a 1 mm scorer and investigated for corrosion in a
salt spray mist. After 200 hours, sample 2 showed massive corrosion at the scribe

30  and delaminations, while sample 1 was corrosion-free even at the scribe.

The results from the application investigations are summarized once again in Table 3
below, since corresponding, suitable pictures can unfortunately not be reproduced in
patent specifications.

35



5In addition, the coated and scribed substrates were tested for corrosion resistance in a salt spray mist
(DIN 50021-SS) and assessed. Results after 26 hours' salt spray testing (cf. also Table 3):
Comparative Example 1:corrosion at the scribe angspartially over the surface 10Comparative Example
2:largely corrosion-free Application Example 1:largely corrosion-free Comparative Example 3:corrosion
at the scribe and over the surface Comparative Example 4:delaminations of the coating with corrosion
AppllcatlJ?Eg%%ple 2:largely corrosion-free 15 Results after 150 hours in the salt spray mist (cf. also
Table 3): ConprimtyeExampeliicarsnsianabdin sathecarimamrihOvRIdhe sHHaseoARRlICatION
Example 3:no corrgsion at the scribe or over the surface Application Example 4:corrosion at the scribe
and partlglﬁ/aé(/m%gsurface 20 The sample from Application Example 3 was coated with a

2- component epoxy resin: Standox, EP primer-surfacer and Standox EP hardener. Mixing ratio 2:1

(according-t cifiegtion):-The-coating-Syst Has apphied-using-a-barapplicator(80-pm-wet film
thickness, ,& 16’“ ‘ﬁ? ;qﬁ)m i@fﬁ’ Baﬁ‘g cureg T5°%4 hours. AQ%%%%%%?S%W sample (steel
panel cl =aﬁedmply) wadHkanise cd ated Cro >Se(sntcoamptetjtc(,0 plloaiuinaEs@tmpieaQ tesfpoxy resin
coating); 0 Cross-cut sample 2 (steel panel + e%%)(%gsﬂﬁ@atlr g): 0 @?gi‘ were sc ribed with
a 1 mm scorer and investigated forcorrosion in a salt spray mist. After hours sample 2 showed
massive corrosion at/the scribe 30and delaminations, while samp%vaimoorros}wn#’c@ elen at the
scribe. The results from the application investigations are summarized:pnce ggain T{ag)le 3 below,
since carresponding, suitable pictunes can unfortunately not be reproduced in| patent specificgtions. 46
Table 3: - 1 1 1 0 26 h
- 2 2 1 + 26 h
1 - 3 1 + 26 h
- 3 1 0 - 26 h
- 4 2 1 - 26 h
2 - 4 1 + 26 h
- 5 1 2 0 150 h
3 - 5 0 ++ 150 h
4 - 4 1 0 150 h
5 - 6 1 + 150 h
6 - 7 4 0 250 h
7 - 8 3 0 135h
1) Cross-cut after 24 hours’ curing at 20 °C of the coated sample panels
2) Evaluation:
++  no corrosion at the scribe or over the surface.
+ largely corrosion-free at the scribe and over the surface.
0 corrosion at the scribe and partially over the surface.
- delaminations of the coatings with corrosion.
- severe corrosion at the scribe and over the surface.
5

To summarize:

Comparative Examples 1 and 2 and Application Example 1 after 26 hours in the salt

spray mist:



Compilation of the results from the performance experiments before and after salt spray testing 1)
Cross-cut after 24 hours' curing at 20 C of the coated sample panels 2) Evaluation: ++no corrosion at
the scribe or over the surface. largely corrosion-free at the scribe and over the surface. Ocorrosion at
the scribe and partially over the surface. delaminations of the coatings with corrosion. severe corrosion
at the scribe and over the surface. To summarize: Comparative Examples 1 and 2 and Application

Example Y&REAR WO Erempie S SR QPLPHRSIO AARFRAIRRRDERANBIY PY8iolie EBFfESRHN at the

scribe andfrarfiaiyyeuasihe BUEBeeaten just2dnaUisnpaeanisaskafmpicaton Gepreatative Example
2 and Ap icatioE xample, 1 are without scribe corrosion. 5Comparative Examples 3 and 4 and

Applicati B Ieaéea‘ffgp%'ét 6UPE iﬁc’[ﬁg%ﬁﬁ'spray mist: Comparative Example 3 shows corrosion
at the scribe and over the surface after 26 hours in the salt spray mist, whereas Application

Comparative Exam Ieg, exhibits .onl me corrasion at the scribe, although some instances of
ol S B R el R e R RS S o' o
determinaipigoniesion at the scribe. Comparative Example Sand Application Examples 3 and 4 after

150 hours{ 108 Sl IR s SEQILRAIANE FAMPIS B0 APBIERIRD Eriapplspagw corrosion
at the scribe after 150 hours'in the salt spray mist, whereas Application Example 3 is entirely
corrosiontipeésantiie sebepaite MIS0 WodreaAPPISaEAEXampPR! Fishdwe Mo sctisEribitdsion after 28,

90 or 150&%5%&@6#&%@%%}%@@%wsg%nﬁ&hignts@l%@#%@%% Ay OLARRARYE LagOaPplication

Example 6 shows no scribe corrosion after 17 hours, partial scribe corrosion after 150 hours and
almb8t fulRfssHedchibe B8RS EH!IERIE SO WEUY ARG IPACE XA &r, IBRIGTD &n-free.

25ApplicaiigprExanpnie-4rehaws nRassrbaigorrosion after 19 hours in the salt spray

Comparative Example 5 and Application Examples 3 and 4 after 150 hours in the salt
spray mist:

15 Comparative Example 5 and Application Example 4 show corrosion at the scribe
after 150 hours in the salt spray mist, whereas Application Example 3 is entirely
corrosion-free at the scribe after 150 hours.

Application Example 5 shows no scribe corrosion after 28, 90 or 150 hours. Over the
surface, however, a slight discolouration can be observed.

20
Application Example 6 shows no scribe corrosion after 17 hours, partial scribe
carrosion after 150 hours and almost full-depth scribe corrosion after 250 hours. The

surface, however, is corrosion-free.

25  Application Example 7 shows no scribe corrosion after 19 hours in the salt spray

mist. After 135 hours, however, full-depth corrosion at the scribe can be determined.



mist. After 135 hours, however, full-depth corrosion at the scribe can be determined. 48 Claims: 1.
Composition comprising - a binder comprising at least one cocondensate based on an w-
5glycidyloxyalkylalkoxysilane of the formula | X-Sigg2)x(OR1)3..x(1I), in which X is a
2-(3,4-epoxycyclohexypethyl, 1-glycidyloxymethyl, 2- 10 glycidyloxyethyl, 3-glycidyloxypropyl or
3-glycidylgxyisobutyl group, R1 and R2 independently of one another are each a linear or branched
alkyl gro ig 1to 4 C atoms, and x is 0 or 1, and on at least one bis(alkoxysilylalkyl)am ne of the
general formula 11 15 (OR1)3Si - A - Si(OR1)3(ll), in which the groups RI are identical or different
and R1is 3 Iin?fr or branched aIkP/I, roup having 1 to 4 C atoms and A is a bis-amino-functional
20group of the TSR TS COTH =N (CH2)tiONEI[(CH2)f-NH]g*-(CH2),--(Ha), in which i, i*, f, f*, g or
g* are identical-oadiffetentowithisiandiofeatt 2n8 25cnd dramadéobdsedloaraty g-and/or g* =0 or 1, and

also, §ptiona|ly, ogqg%ﬁ%@{t one lfé“(thergsﬂii]icon gﬁzr;%gopndlg?m the group consisting of

. al 0X ne o mu :
tetraalkoxysilane; ysiane, mercapto aﬂ<oxy5|lane, carboxyalkylalkoxysilane,

aminoalkylalkoxysilane, ureidoalkylalkoxysilane, 30thiocyanatoalkylalkoxysilane and silica sols, -
water, - alcohol in an amount of less th?(”é"fgﬁi? @/@?Qt bas 51 on the composition, 49 - at least one
addition from the group consisting of particulate metals, metal alloys and/or metal compounds, and

in which X is a 2-(3,4-epoxycyclohexyhethyl, 1-glycidyloxymethyl, 2-
10 glycidyloxyethyl, 3-glycidyloxypropyl or 3-glycidyloxyisobuty! group, R and
R? independently of one another are each a linear or branched alkyl group

having 1 to 4 C atoms, and xis 0 or 1,

and on at least one bis(alkoxysilylalkyl)amine of the general formula il

15
(ORN:Si- A-Si (ORY: (1),
in which the groups R’ are identical or different and R’ is a linear or
branched alkyl group having 1 to 4 C atoms and A is a bis-amino-functional
20 group of the formula la
-(CHy) -[INH{CH ¥[gNH[(CH2)»NH]g- -(CHz)-  (Hla),
in which i, i*, f, f*, g or g™ are identical or different, with i andfor i* =1, 2, 3
25 or4,fand/orf*=10r2,gand/org"=00r1,
and also, optionally, on at least one further silicon compound from the group
consisting of tetraalkoxysilane, alkylalkoxysilane, mercaptoalkylalkoxysilane,
carboxyalkylalkoxysilane, aminoalkylalkoxysilane, ureidoalkylalkoxysilane,
30 thiocyanatoalkylalkoxysilane and silica sols,

- waler,

- alcohol in an amount of less than 3% by weight, based on the composition,



- optionally at least one additive, the pH in the composition being 1 to 14 and the dry residue of
the binder being 51% to 50% by weight, based on the binder used. 2. Composition according to Claim
1, where for preparing the binder water is introducggl in a molar excess, based on the silanes of the
formulae 1 10 and il and also, optionally, on the aforementioned silicon compounds used and is
adjusted to an acidic pH with addition of an organic or ié%;ganic ac d a silica sol being added

optionally, an co-giyEREHERFALILIREILTaNE S e fer M9OfgIed Aeang e Miktdte is heated,
150ptionally furthgiicaeicigiretatgst torapdaideashane bis(alkoxysilylalkyl)amine of the general
formula Il and also aptio IaII t least on é rther silicon compound from the group consisting of
tetraalkoxysilaﬁe,ogf glﬂ%%gﬁ%ﬁte?r}ﬁe%% B‘t\bealkylalkoxysilane, carboxyalkylalkoxysilane,
aminoalkylalkottysitahe tireicoalkyttioxysitané andeidoyahataalikilalkd Mysitangds iedtgred in and

the system is cwos%dig%egyt 8}19%§_??gg€51&|¥)tht% i SEHg%gturS\ggrolysis alcc_)hol IS removeo_l at Igast
proportionately from the reaction”mixture under reduced pressure, the binder thus obtained is

optionally diluted with water and/or an aqueous acid and is subsequently filtered, 25the dry residue of

the binder @eingo’lr?{%%iﬁg%a@égygjg tfopéqgwply 5% to 40% by weight, more preferably 8% to 35% by
weight, more particularly 10% to 25% by weight, based on the binder used. 3. Composition according

to Claim 1 or 2WBEEhaPACERRASINBYNE dipdesidue (solids content) of 1% to 50% by weight, preferably
3% to 45% by waights areRIEIE AR Fe 3038 ueiaNn hases A her sRERPRI IR 4-

Com$S sition according to any of Claims 1 to 3, 50 characterized in that amount of the particulate

methls, metal ARV ARG/ GFSRRIEHH o A TrARELBRIHIOSTE T HC29. P WeRfheMeferably
3% to 90% by weighistene Bretliallysbivio 3oty welthbryanidseiemibnio%eite 809hdy weight. S

5. Compositionsg[cg%rgéng dtge%n p%%%iws 1 to 4,

an w-glycidyloxyalkylalkoxysilane of the formula | is metfered in and the mixture
is heated,

15 optionally further acid is metered in,
and at least one bis(alkoxysilylalkyl)amine of the general formula Il and also
optionally at least one further silicon compound from the group consisting of
tetraalkoxysilane, alkylalkoxysilane, mercaptoaikylalkoxysilane,
carboxyalkylalkoxysilane, aminoalkylalkoxysilane, ureidoalkyialkoxysilane and

20 thiocyanatoalkylalkoxysilane is metered in and the system is caused to react,
subsequently the resultant hydrolysis alcohol is removed at least
proportionately from the reaction mixture under reduced pressure,
the binder thus obtained is optionally diluted with water and/or an aqueous acid
and is subsequently filtered,

25 the dry residue of the binder being 1% to 50% by weight, preferably 5% to 40%
by weight, more preferably 8% to 35% by weight, more particuiarly 10% to 25%
by weight, based on the binder used.

3.  Composition according to Claim 1 or 2,
30 characterized by
a dry residue (solids content) of 1% to 50% by weight, preferably 3% to 45% by

weight, more preferably 3% to 35% by weight, based on the composition.

4. Composition according to any of Claims 1 to 3,



characterized in that the addition of particulate metals, metal alloys and/or metal compounds, more
particularly metal oxides, is selected from the group consisting of conductive 10and non-conductive
fillers, zinc powders, zinc flakes, zinc dust, powdegg,or flakes or dust of zinc alloys, zinc-bismuth
alloys, aluminium powders, alumin u flakes, powders or flakes or dust of aluminium alloys, magnesium
powders, magnesium flakes, powders or flakes of magnesium alloys, titanium dioxide, red iron oxide,
yellow iron oxidf®AaRRIAhIBSRte, talc, aluminium silicates, 15 barium sulphate, kaolin, magnesium
sillicates, cryst(?im@m:u@ﬂm@r?mfmg FuaHE, @@é@mmsm@um@aﬁgogaﬁumtﬁé?eﬁ,
aluminium oxide, zeolites, wollastonites, zinc oxide, zinc sphate, bismuth vanadate, lead chromate,
silicon carbide %%'EW&L AniE J(%I%#l?r%fgf‘néﬁge@édé Qf%?ﬂﬁg&lg% a’i@c%%%?ﬁi}' t\'ﬁ’%{ﬁrb%omgfms 1to 5,
characterized iprifatabéy &3dittv85 arbyseleigted Frompiedegatlip 1sistiigobdefeamers, thickeners,
rheolé)gical assistants, dispersion assistants, anti-settling agents, rust inhibitors, wetting agents,
organic pigments, polymers and polymer dispersions, and also 25catalysts for the condensation and
curing. 7. Gompaositimrsiccordimgdoany af Cldifigittoielccharacterized by an amount of additives,
more particular‘%Q,fat&ighgggrmqﬁg% to 5% by weight 30and/or of anti-settling agent of 0% to 5% by

weight and/or of wetting agent of 0% to 3% by weight of corrosion inhibitor of 0% to 1% by weight,
based in each &additipe ebpastilie, Mriadanimetalliadeyeanstitienesa rysneidis BoPiPosition

making 100% by, weighiiy $eRIasessJorRIERRINIA-ROBRION Asequiing dp auatRiaims 110 7,

characterized in that first of all a binder comprising at least one cocondensate based on an
toglYidyloxyalRNAIRBRYARAGCHY il FEEFMERE PP HISTR ZREORUTS 30, HIUHEHSES L7

2-(3,4-epoxycyginaexyi)gtiayloflzaly cidylaxymethydna 8 Meishd XN et Sr Greieie X¥RISRNILAF
3-glycidyloxyisgbuty!l %roup, R1 and R2 10independently of one another are each a linear or branched
alkyl group haViA§SE tE MR AT ARE LidePeL algirium alloys, magnesium powders,

magnesium flakes, powders or flakes of magnesium alloys, titanium dioxide,
red iron oxide, yellow iron oxide, calcium carbonate, talc, aluminium silicates,
15 barium sulphate, kaolin, magnesium silicates, crystalline quartz, amorphous
quariz, calcium magnesium carbonate, calcium silicates, aluminium oxide,
zeolites, wollastonites, zinc oxide, zinc phosphate, bismuth vanadate, lead

chromate, silicon carbide and inorganic colour pigments.

20 6. Composition according to any of Claims 1 1o 5,
characterized in that
the additives are selected from the group consisting of defoamers, thickeners,
rheological assistants, dispersion assistants, anti-settling agents, rust inhibitors,
wetting agents, organic pigments, polymers and polymer dispersions, and also

25 catalysts for the condensation and curing.

7. Composition according to any of Claims 1 to 6,
characterized by
an amount of additives, more particularly of thickener, of 0% fo 5% by weight
30 and/or of anti-settling agent of 0% fo 5% by weight and/or of wetting agent of
0% to 3% by weight of corrosion inhibitor of 0% to 1% by weight, based in each
case on the composition, the sum of all the constituents present in the

composition making 100% by weight.



on at least one bis(alkoxys ly alkyl)amine of the general formula Il 15 (OR1)3Si - A - Si(OR1)3(ll), in
which the groups R1 are identical or different and Rl is a linear or branched alkyl group having 1 to 4 C
atoms and A is a bis-amino-functional group of the,20formula lla -(CH2),
-[NH(CH2)flgNHRCH2)f*NHig--(CH2),.-(11a), in which i, i*, f, ¥, g or g* are identical or
different, with i and/or i= 1, 2, 3 or 4, 25f and/orr = 1 or 2, g and/or g* = 0 or 1, and also, optionally, on
at least oné-furtHEFERREN PEPREENARIFGMRAS HREAF CBrLRgiHR FNET SAMBIS dilant, alkylalkoxysilane,
mercaptoalkylatkexystane Caraxyalkylalkoxysilane, aminoalkylalkoxysilane, ureidoalkylalkoxysilane,

30thiocyanatoglkylalkoxysilane and silica sols is prepared by a procedure in which 52 water is
introduced in aﬁﬁ%lﬁt%@(( e@@ﬁ&%ﬂ@ﬁ%’ﬁ@ éaﬁi?lgg gpﬁ]%%% 08915 TPEHY # optionally, on the

aforementioned|gticgtoggaiposiRdsysiiadearidie adiustad to an acidic pH with addition of an organic or
inorggnic acid, a silica sol being added with stirring optionally, 5an w-glycidyloxyalkylalkoxysilane of
the formula | is metered in and the mixture is heated, optionally further acid is metered in, and at least
one bis(alkoxysilylalkyl)amine of the geXeBaROm@MA Jband dl3o optionally at least one further silicon
compound from the group consisting of 10tetraalkoxysilane, alkylalkoxysilane,
mercaptoalkylalkoxysilane, carboxyalkylalkoxysilane, aminoalkylalkoxysilane, ureidoalkylalkoxysilane
and isocyanatdalkiigRokysitaid dstrepereeymonsd thetbystéral isichimadretghdt; subsequently the
resultant hydrolysj ' r%né(g_ y i I i i der
reduced pressgggfgﬁ%l}%rﬁgr thus&ogbﬁgi%}%%ﬁ%ﬂ)%%gf%eggi%?gg %vl?:gf}ﬁvgale er and%r)%l’r{}[‘:gﬁeous acid

and’&r an aqueBdsnsideBMRE IS —ratigstate aAehtRd BRI iBasheguRkyIiRERBa%ING 20at least

one addition framdthecgrgp Sonsisking whparticulate metals, metal alloys and/or metal compounds is
dispersed into the resulting binder and also, optionally, at least one additive is incorporated with
stirring and optionally the pH in the composition is adjusted.

and

on at least one bis(alkoxysilylaltkyh)amine of the general formula Il
15
(OR"):Si-A-Si (OR": (1),

in which the groups R’ are identical or different and R is a linear or branched
alkyl group having 1 to 4 C atoms and A is a bis-amino-functional group of the

20 formula Ha
~(CHz) -[NH(CH2)i]gNH[(CH2)«NH]g--(CHu3-  (Ha),

in which i, i*, f, f*, g or g” are identical or different, with i and/or i* =1, 2, 3 or 4,

25 fand/orf*=1o0r2 gandiorg*=0or 1,

and also, optionally, on at least one further silicon compound from the group
consisting of tetraalkoxysilane, alkylalkoxysilane, mercaptoalkylalkoxysilane,
carboxyalkylalkoxysilane, aminoalkylalkoxysilane, ureidoalkylalkoxysilane,

30 thiocyanatoalkylalkoxysilane and silica sols

1s prepared by a procedure in which



259. Process according to Claim 8, characterized in that the w-glycidyloxyalkylalkoxysilane of the
formula | is used in a molar ratio to the bis(alkoxysilylalkyl)amine of the general formula Il of 0.1:99.9 to
99:1; more particularly the w-glycidyloxyalkylalkoxysilane is used in the binder at 0.001 to 3042 mol%,
preferably from 0.01 to 30 mar/0, more preferably from 0.1 to 15 mol%, very preferably from 0.2 to 1.5
moN/0. 10. Process according to Claim 8 or 9, characterized in that 53 water is introduced in a molar

excess, based UAEhESNERLL SR FoPIARETSETT 1 PARERD NSpatanss AHEAIBFEMIESibned silicon
compounds usaaki of stitaidy oisid a0 Mol ofodtesmeefiesably Sicob R mehumesespadicidarly 10 to
100 mol of Wateri r rpode[ of the S'.—bgj;lpeq aIk(F?X}éPq{Ol#ps present in the 5silanes.gsed,_‘ljjnder inert
gas, the reactioh é‘ijﬁgecar?iga 8t E)(f' er‘évb@% %f i ni?ro%%ﬁ g 3@85."1%95%%8% atcd 8@19 to any of
Claims 8 to 10schbeatyexibetinvithattiOttieogrigramadiyor inorganic acid is selected from the group
consisting of formic agi [ i, lQnic.agi chlaric acid, nitri i Iphuric acid and
phos%horic aci Ha]lﬁ) i ﬂg 'ﬁ%&fﬁﬂ%’s@?y és% ég{?’d%gr}:lg{ﬁg %ﬂ)hgp%':%%éﬁ(ﬁiﬁ(ﬁg%() %(t)ﬁ |uHr.H%'§E/dEroxide,
potassium hydiexigetad,Ndimethylethanolamine and tetrakis(triethanolamine) zirconate, and the pH is

15adjusted durﬁaﬁi&wgﬂf@fﬁ%ﬂa@mwg{b%mﬁ binder and/or after formulation in the composition to
1 to 14, preferably 2 to 12, more preferably 2.5 to 9, very preferably 3 to 8, more particularly to 3.5; 4;

4.5; 5; 5.5; 6; AFIAIIERE pR| ISR YRIMSiKBeH PR SSiIe fist widldedmiola Hfahd pifticulate metal,
metal alloy andiginpeli) serepaLskkia, hiePulfesiasasiURLreange 1dhg Bbhotpigisrably on

addition of micaceous iron ore, zinc, zinc oxide or a zinc alloy to an acidified binder. 12. Process

accofting to arf§iEARHANE816 A URKIEIRRE MeRer PEalgNRIRRIARGpYItrimethoxysilane and/or
3-glycidyloxypremytigtieyysilang: aae s1sadipp g R iAW ehyeidngrialis)alkewy silane of the
formula I, and the acidic agueous mix}ure obtained g,heat d over 0.1 to 3 hours, preferably 0.5 to 2
hours, with stir}ﬁ?gf%\mg)ra?#ﬁ ?1‘8%?@&1&?&%‘?@6 ‘BFtt é%%@%f@r’ﬁtﬁ?ﬁ?%t%é%%o 13. Process

according to any:bé&ijainsg\Bite 12sdharabterizedindhahol is removed at least
proportionately from the reaction mixture under reduced pressure,
15 the binder thus obtained is optionally diluted with water and/or an agueous acid
and/or an aqueous base, or the pH is adjusted, and the binder is subsequently
filtered,

and

20 at least one addition from the group consisting of particulate metals, metal
alloys and/or metal compounds is dispersed into the resulting binder and also,
optionally, at least one additive is incorporated with stirring and optionally the

pH in the composition is adjusted.

25 8. Process according to Claim &,
characterized in that
the w-glycidyloxyalkylalkoxysilane of the formula | is used in a molar ratio to the
bis{alkoxysilylalkyl)amine of the generai formula Il of 0.1:99.9 to 99:1; more
particularly the w-glycidyloxyalkylalkoxysilane is used in the binder at 0.001 to
30 42 mol%, preferably from 0.01 to 30 mol%, more preferably from 0.1 to

15 mol%, very preferably from 0.2 to 1.5 moi%.

10. Process according to Claim 8 or 9,

characterized in that



the heated, acidic and w-glycidyloxyalkylalkoxysilane-containing mixture is admixed in metered form
with bis(trimethoxysilylpropyl)amine and/or 54 bis(triethoxysilylpropyl)amine and optionally as further
silicon compound with a tetraalkoxysilane, preferably tetramethoxysilane, tetraethoxysilane, an
alkylalkoxysilane, preferably 01-016-alkylalkoxysilanes, more particularly methyltrimethoxysilane,
methyltriethoxysilane, n-propyltrimethoxysilane 5(PTMO), n-propyltriethoxysilane (PTEOB,

isobutyltrimeth8&Efian & RF44eS)  fBBIRRT NGRS sPATEFIBT S StRRAT MMl ENdRe (ocTMO),
octyltriethoxysitane| (@A &6), metcaptgatingalkaxysdanen pdedeiably-dmpounds used, of
mercaptopropyltrimethqaxysi MTMO), mercapto Itri oxysilane (MTEOQO),
minonlly ok KT el DLy St ST ot b R ClEry 10 10
3-aminopropylttidthoxy sifamet ¢ AMIE @) IBl ¢ P taenihideihg b Balamin gpoopylrhesthoky Hilane (DAMO),
N-(2-aminoethyl)-3- aminopropyltriethoxysilane, N.N.-diaminoethy1-3-aminopropyltrimethoxysilane
(THAMIO). NNy DR e e e e AR e
ureidoalkylalkoxysiigere oprsterably 3- 15ureidopropyltrimethoxysilane, 3-ureidopropyltriethoxysilane,
and/or a thiocyanatoalkylalkoxysilane, preferably 3-thiocyanatopropyltrimethoxysilane, 3-
thiocyanatopropyltrimethoxysilane, at a pH of 2 to 6, preferably 3 to 5, and is caused to react with
stirring at’50 to" 30 sprRIEpABINBD e eECHIBEE3A0 8. hours, preferably 1 to 4 hours, i.e. the
alkoxysilanes ygegd-ane sehstantially 20completely hydrolysed and condensed or cocondensed. 14.
Use of a composition according to any of Claims 1 to 7 or prepared according to any of Claims 8 to 13

for ¢8atings wHIth QUG HNHFsRIGeripdtaipiRe B BB SBacgrogr 8ot RE BiAg o Claim 14 for
coatings on meiaig, anemelaka iyt P eirRCiga B MR EQSOMitric acid, sulphuric acid

and phosphoric acid and the aqueous base is selected from the group
consisting of sodium hydroxide, potassium hydroxide, N, N-
dimethylethanolamine and tetrakis({triethanolamine) zirconate, and the pH is

15 adjusted during and/or after the reaction in the binder and/or after formulation in
the composition to 1 to 14, preferably 2 to 12, more preferably 2.5 to 9, very
preferably 3 to 8, more particularly to 3.5;4; 45,5, 55,6;6.5;7; 7.5, 8 and
also 8.5, it also being possible for the addition of the pariiculate metal, metal
alloy and/or metal compound to the binder to result in a change in the pH,

20 preferably on addition of micaceous iron ore, zinc, zinc oxide or a zinc ailoy to

an acidified binder.

12. Process according to any of Claims 810 11,
characterized in that
25 3-glycidyloxypropyltrimethoxysilane and/or 3-glycidyloxypropyitriethoxysilane
are used and metered in as w-glycidyloxyalkylalkoxysilane of the formula |, and
the acidic aqueous mixture obtained is heated over 0.1 to 3 hours, preferably
0.5 to 2 hours, with stirring and/or mixing, to a temperature of 50 to 90 °C,
preferably 60 to 65 °C.
30
13.  Process according to any of Claims 8 to 12,
characterized in that
the heated, acidic and w-glycidyloxyalkylalkoxysilane-containing mixture is

admixed in metered form with bis{trimethoxysilylpropylyamine and/or
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14.

15.

54

bis(triethoxysilylpropyljamine and optionally as further silicon compound with a
tetraalkoxysilane, preferably tetramethoxysilane, tetraethoxysilane, an
alkylalkoxysilane, preferably C1-C16-alkylalkoxysilanes, more particularly
methyltrimethoxysilane, methyltriethoxysilane, n-propyltrimethoxysitane
(PTMO), n-propyftriethoxysilane (PTEQ), isobutyltrimethoxysitane (IBTMO),
isobutyltriethoxysitane (IBTEQ), octyltrimethoxysilane (OCTMO),
octyltriethoxysilane (OCTEQ), mercaptoalkylatkoxysilane, preferably 3-
mercaptopropyltrimethoxysiane (MTMO), mercaptopropyltrimethoxysilane
(MTEO}, aminoalkylalkoxysilane, preferably 3-aminopropyltrimethoxysilane
(AMMO), 3-aminopropyliriethoxysilane (AMEO), N-(2-aminoethyl}-3-
aminopropyitrimethoxysilane (DAMOY), N-(2-aminoethy!}-3-
aminopropyitriethoxysilane, N,N'-diaminoethyl-3-aminopropyltrimethoxysilane
(TriAMO), N,N'-diaminoethyl-3-aminopropyltriethoxysilane, a
carboxyalkyltrialkoxysilane, a ureidoalkylalkoxysilane, preferably 3-
ureidopropyltrimethoxysilane, 3-ureidopropyltriethoxysilane, and/or a
thiocyanatoalkylalkoxysilane, preferably 3-thiocyanatopropyltrimethoxysilane, 3-
thiocyanatopropyltrimethoxysilane, at a pH of 2 to 6, preferably 3 to 5, and is
caused to react with stirring at 50 to 90 °C, preferably 60 to 65 °C, over 0.3 t0 6
hours, preferably 1 to 4 hours, i.e. the alkoxysilanes used are substantially

completely hydrolysed and condensed or cocondensed.

Use of a composition according to any of Claims 1 1o 7 or prepared according
to any of Claims 8 to 13 for coatings which cure in the air at a temperature of 16
to 26 °C.

Use according to Claim 14 for coatings on metals and metal alloys for

protection from corrosion.



