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Organically nodified silica particles are used as fillers for materials and
the like, as well as a nunber of high technology uses. The silica may be in
colloid form 5In the prior art, it is knowmn to graft organically nodified
silanes onto a silica nanoparticle surface. Natural silica is covered with
hydr oxi de groups, which are reactive with silanes having silanol or
hydr ol yzabl e groups, to bond the silane to the silica. Such silanes may
carry a bonded or gsORGANIGALIY MODIHERSIARAAND USETHEREQM ani noal kyl group,
or any of a variety of organic groups, which can change the surface
characteristics of 10the BACKEROUND OF TE INVENTIONeNntion, silica
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hydrol yzing an al kali silicate under acid conditions (less than pH seven)
to obk@in a silicic acid QESCRIBTION OFJHEINVENTION anosi | ane havi ng hydr oxyl
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nanoparticle, and not just at the surfaces thereof. Accordingly, upon the breakage of a
25 nanoparticle during use and handling, the newly formed, exposed surfaces can also
carry the organosilane modifying agent. Furthermore, the physical characteristics of the
modified silica thus formed will be different, providing opportunities for new types of
fillers, abrasives having greater softness than pure silica, and other desirable
characteristics. Such nanoparticles may find high technology uses in, for example,
30 biotechnology, and also as foam stabilizers, catalysts, catalyst supports, abrasive and

polishing agents, and the like.



In sone enbodinents, the silicic acid dispersion, prior to raising of the
pH of the dispersion, conprises silicic acid nolecules having an average of
no nore than about 10 silicon atons per silicic acid nolecule. 15Typically,
the pH of the dispersion may be raised to at | east about 10 in the pH
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typically, at least a substantial portion of the entire volume of the silica nanoparticles



In sonme enbodi ments, the organosilane conprises a material of the formula
(R,Si(Rl),,, inwhich Ris an organic radical having a reactive group
conpri sing at |east 25 one of (1) nitrogen, (2) oxygen, (3) sulfur, (4)
hal i de, and (5) at |east one unsaturated carbon-carbon |inkage; RL is a
hydr ol yzabl e group or an al kyl group, at least two of said Rl groups being
hydr ol yzabl e groups; ais 1 or 2; and bis 2 or 3, the total of a and b
being 4. R has a reactive group which conprises at | east one of (1)
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can be accomplished through cationic exchange in a conventional manner.
In some embodiments, the organosilane comprises a material of the formula
(R)aSi(R")p, in whieh R is an organic radical having a reactive group comprising at least
25 one of (1) nitrogen, (2) oxygen, (3) sulfur, (4) halide, and (5) at least one unsaturated
carbon-carbon linkage; R'is a hydrolyzable group or an alkyl group, at least two of said
R! groups being hydrolyzable groups; ais 1 or 2; and bis 2 or 3, the total of aand b
being 4.
R has a reactive group which comprises at least one of (1) nitrogen, (2) oxygen,
30 (3) sulfur, and (4) at least one unsaturated carbon-carbon linkage. Examples of such
materials may be allyl, 3-glycidoxypropyl; 3-aminopropyl; dimethylaminopropyl; 3-
iodopropy!; 3-chloropropyl; acetoxypropyl; 3-methacryloxypropyl; and mercaptopropyi. It
can be seen that these R groups are organic radicals having a reactive group so that the
silane, in which R' comprises at least two of hydroxyl or hydrolyzable groups, can be



Si'in which RL is a hydrolyzable group; R2 is a hydrocarbon radical; (R2),,
(R2) 4 113 is a divalent organic radical, cis 2 or 3; dis 0 or 1, the
c and d relating to each silicon 25 atomtotaling 3. Referring to the above
formula, RL may be hydroxyl or a hydrolyzable group as previously

di scussed. R2 may be a hydrocarbon radical if present, such as nethyl,
ethyl, or phenyl. Fels a divalent organic radical, for exanple dinethylene,
2- et hyl hexanet hyl ene, 30 phenylene or simlar radicals, optionally
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Referring to the above formula, R! may be hydroxyl or a hydrolyzable group as
previously discussed. R? may be a hydrocarbon radical if present, such as methyl,
ethyl, or phenyl.

R3is a divalent organic radical, for example dimethylene, 2-ethyl hexamethylene,

30 phenylene or similar radicals, optionally modified to have a reactive group as previously
described comprising at least one of (1) nitrogen, (2) oxygen, (3) sulfur, and (4) at least
one unsaturated carbon-carbon linkage. Thus, an unsaturated divalent hydrocarbon
radical may be used as R® if desired such as phenylene, or an unsaturated olefin



30The protective coating may include a formulation of generally
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reaction wi t hTHe/ANepariFies forpgimay %“%ﬁdl’@%" H‘s@g&’éﬁf{’a f‘?ﬁ‘%ﬁ& ﬁ’é'?r eaction
ErgdUCt bfmﬁﬁtilil@na&moﬁbrﬁalw oviding ﬁtgvstﬁcmldmereﬁcwhrperfmucsbmpweﬁtMr by the f
ydr agar bg car t rou S n atoms o
t he ndl E))/s:capproperpqasns%%ﬁéh%%g%? Iaﬁxﬁﬁfrtﬁéﬁg%ﬂ?ﬁ@l’nééyﬂ onpri se
about ona'hafmbadspantaidsmdyb’éstﬁedﬁstoﬂommyutmns 6- hexane di am ne (such a

carbon St UCt Uit B SIS ENEN eNy. fe Biordills shEBELEbUED 2 o1 20

t hat has bond roups and a silircon organi ¢ epoxi de
radi cal , nsaydie iasororgted ditela protectiys caatingrior meta) surfagas whinhrcogtingemayroodi nent s,

the polyauhagsiASinfcdiRbih Ubdting Wit #3lso byl daRre RNRinhg ddding for paint.

30 The protective coating may include a formulation of generally conventional

ingredients for coating formulations, but also comprising (a) one part by weight of the
organosilane-modified silica nanoparticles as described above, and (b) from 0.3 to 3
parts by weight of the reaction product of (1) a compound comprising a polyamine in
which a plurality of amine groups are bonded to at least one radical selected from the



to 10,000. Good results can be achieved when one nolar part of the diam ne

Is reacted with at least 2.5 nolar parts of the silane, to provide a

conposition with nol ecul es containing both silicon and am ne groups and

ly at least 2.5 hydrolyzable silane groups per nolecule, up to

| y about six silane groups per nolecule, on average. 10The known

ne al kyl ene ether pol yam nes may be used in the preparation of the
reaction product of ingredient (b). The pol yam ne may al so have am ne
bonded to a branched al kyl ene radical of at |east 6 carbon atons, or
an aryl emeun conpistng of droeasben anddydinsarknn AbeTarovRsSgast SaPasAls NPUAR | east four
'nterﬁecﬂt&ﬁ§oﬁ§am‘§mhé‘gknﬁs S;Pﬁt'léhstfbﬂ?m@‘rﬂ@ﬂ?&t@a%stlﬂatchﬂﬁldhﬂ @he 15 1013 and

TGl4 materials disclosed in the above cited patent. Unbranched al kyl ene

r adi cal 55"§'%R:‘Mh"a‘.%W@%@PWW%@"WH?%ﬂWYS@W@@S 9FYPE. QY 3 HISOR0| yani ne used

in for mﬂ&dém&’gsm gfdup érﬁ}rscseélérﬁlv&édwwmm dh@%nﬁﬁbm vaﬂwﬁsaadnanmsed as wel |

as ot her @-PPB am ngs havj, ng a cent ﬁ% ene.radi cal vmtrh to 22 -carbon
egul rcﬁg
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typi cal
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However, coatings of the materials as described in U.S. Patent No. 6,867,318 are

}elatively smooth in some circumstances. It is desirable to have chromium free coatings
that are rougher in their surface on a nanoscale basis. By this invention, with the
addition of the organosilane-modified silica to the above-described coating formulation,
a microroughening of the surface and a significant improvement in paint adhesion has
been achieved, for example, using the organosilane-modified silica as described above
having a particle size of about 5-20 nm.

The phrase “silicon-bonded organic group that is covalently reactive with and
which bonds with said amine group” is defined as an organic group which has a moiety
or portion, such as an epoxy ring, that is spaced from the silicon atom, and is covalently
reactive with an amine group, to bond the silicon bonded organic group, and the silicon
atom that it carries, with the molecule that carries the amine group. An example of such
a silicon-bonded organic group is 3-glycidoxypropyltrimethoxysilane. Thus, in a
compound used in this invention, the silicon atom per se does not react with the amine
group, but is spaced from the amine group by the silicoﬁ bonded organic group.

In some embodiments for ingredient (b), essentially two amine groups of a
polyamine compound are present per molecule of reaction product, each amine group
comprising a primary amine prior to reaction with the silane. Thus, the original reactant
to form the reaction product may be a diamine with two primary amine groups separated

by the hydrocarbon or hydrocarbon ether groups that separate the nitrogen atoms of the

amine groups.

yether group with at
materi al s



As used in the formulas i nmedi ately above, n, k, | and mare independently
integers from1l to 3,000. In the fornul ae above, R through R10 may

i ndependent|y be hydrogen or organic groups of up to 4 carbon atons.

Typi cally, each of the nunbered R 6 groups in the groups of fornulas (1)

and (2) imedi ately above may be hydrogen. O her exanpl es of

aromati c di am nes and pol yam nes, for reaction with the polysilanes
described herein (thus formng an R group that |inks am ne groups) are as
12N NH2 f olin eame emboiments, hepalyaainemay FanPrise aamﬁ@mawiaﬁ@ampi& t he silane

carrying é'(':‘trﬁﬁé!hﬁqnﬂﬁ&a%@fa%ﬂez(%%rﬁa %r@&?ﬁn@&r@'@%ﬁ&h@ﬁqDa@é?@Ve the

mul tifunctional_ ami ne "bac , represented % above covalently |inks
t hr ough tMNe 8887 n@%ﬁﬁ?ﬁ%"{'@ atsr‘lé”%?hﬁ'hﬁ‘?é bogepshyd[QrabiR IEIBEAEY 2as above, to
form am n@hc&hlbaimdad@hmdépoxhe rddical, 80E0aH ﬁg@@ao @bﬂtrﬁl”éthb&?éiﬁnél lane is

used, the add cts are for creatlo 0X ges, 10
with & varyin ﬁ%“ﬁlﬁ%"ﬁ%@aﬁw M@ﬁ@ﬁg‘? QBH e mol ar
ra]t i 0, tq?ij]p{oog.l %oditésﬁl%daﬂ@e@bﬁ:é@écﬁwm ailesmartpad ofithe\atamirldis rdléml | ting

si | ane-no | ne. .a t [ iple.termn ilyl groups
that are %ﬁh%fi%?sf‘gkmﬁf 8?5 3@“%“&(‘8&%?‘%’% E%Q?’E%’}(V'm ‘f‘ﬁ‘%%@ fre capabl e of
hi gh- degraatainimg motsilicoowEnd @mireagrsugsi amkl itypically atHeadt 3l5\hyilyaakle bilanki ng of t he
hydr ol yz [ o di spersion
and cur egg%%s‘g; H@%g@% llhhg %co%@é‘%%’gﬁmgé{%%g %‘Sm@lg{:&r% o&x t:r'?r%Pent results
have Been achilbslgpwn Jeffammwa&(ylpme gthaf magmﬁwna kenesed drtithe Prepefatipmgr edi ent

(b) may Qﬁtf‘/@%ﬁéﬂoﬁ‘b"&f%&f@‘fgr&@éﬂ?gb ydi spersi ble especially when neutralized

with an organic acid such as acetic acid. Therefore the technol ogy can be
conpl i ant wi t hh¢ BRYaRite B3y 3lsp bave ¥gine g{quaﬁgondgpgba branched alkylene

radical of at least 6 carbon atoms, or an arylene radical that separate the amine nitrogen
atoms by at least four intermediate atoms in the chain, one example of that being the
15 TG13 and TG14 materials disclosed in the above cited patent. Unbranched alkylene
radicals such as héxamethylene may also be used to form the polyamine used in
forming ingredient (b). Tetramethylene diamine may also be used, as well as other
polyamines having a central alkylene radical with 4 to 22 carbon atoms.
Aromatic polyamine materials may be used, where R through R; of these
20 aromatic formulations may comprise hydrogen or lower alkyl groups up to about 6
carbon atoms. These polyamines may be respectively reacted with the hydrolyzable
silanes described herein to provide the polyfunctional, cross-linkable materials used in
this invention. Examples are shown below:

o

25 As another category of polyamines which may be used in this invention, providing - .
a hydrocarbon ether or polyether group with at least two attached amine groups, is
shown below. Jeffamine-type materials may also be used.



10 the coating solution is free of hazardous netals such as chrom um

Furt hernore, an aqueous 5% sol ution of a preferred pol yam ne sil ane adducts
exhibits a long tank |ife of greater than three weeks w thout degradation
of anticorrosion performance, indicating the hydrodynam c stability of
particularly the am ne-epoxy silane adducts in water. Thus, the process of
use of the materials of this invention can be fully conpatible wth 15 the
exi sting equi pnent of custoners. The coating can be applied to netal
substrates such as al um num and al |l oys thereof fromwater solution, either
by spraying, dipping, or the |like. The entire process may be acconplished
by an initial step of alk linengleaning, a double rinse, dip coating, and
curing by annealing with gﬁxbn ° Typical annealing tenperatures range from
room 20 tenperature of aBout 0€% 0 an el evat ed tenperature of about 120C
with higher tegperatures accelerating the cross-1Iinking process of the
coati ng. The reactﬁ&n“ﬁﬂ%&ﬁ%ions ORI pol yam ne- epoxy sil ane
adducts of ingredient (RI-gr&.oenerallylgte,mild. For the epoxy silanes

t he conditions of making {adducts may of!en be sinply a period of reaction
of 24 to 48 hours at aboyt-©a2@x a petdwdoek-M25 about 3 hours at 70C, the
reaction being typically perforned in al cohol solvent The reaction yield is
hi gh, usually exceedi ng 90% of the am ne present. Resul ti ng coatings
cont ai ni ng i Agueeti iptite fotmulasaimnizdiatdly aboxech, & lead m @eiimdgpendentyal | y on t he

or der, Nng, ' i LGkn (il se where it
i s dip- aﬁé%g‘%%g'r"%{"lrg%q:’sdb&e?"gﬁte%%g‘g“l?gﬁﬁsﬁaﬁé?h’és%?’%? fra f"@l?'ﬁbé’tdrgralygb%i al of this
i nvent i diydeagan georganic areues o up te 4 catben elpes, Tapigally fobthe ndbered® i nterfere
Wi € h 8 NeyreiRsah e PAINOFlorhiad O and @Y Imifdiaibiy abil hiky IRyMgeRSed conversion
coat i ngs. . anpl es of epoxy silanes ich may be "'used in this

i nventiion to make ingredients (a) and/or (b) -conprise ,

3-glyci doxypropyl trimethoxysilane: 3-glycidoxypropyl met hyl di net hoxysi |l ane;
3-gl yci doxypropyl triethoxysilane: and 3- B v -

gl yci doxypr opyl met hyl di et hoxysi | ane. A preferred solvent for
conducting the adduct-form ng reaction to make ingredient (b) is an al cohol
or al cohol -cont ai ning solvent in which the al cohol content is 30%by 5

vol une or nore, typically about 50 vol une percent. The preferred al cohols
are the al kyl alcohols, linear or branched, of no nore than 6 carbon atons,
specifically nmethanol or ethanol, particularly when using a water-based
wor ki ng solution. The preferred synthesis tenperature may typically range
from about 70F.-to 250F. Hi gher tenperatures generally give faster reaction
kinetics. In a typical reaction 10 that uses nethanol as a sol vent w thout
pressure, the reaction tenperature nmay be held constant at the boiling
poi nt of nethanol, 150F, for up to about 6 hours. Using a reaction vessel
that can sustain pressure can bring the reaction tenperatures higher than
the point of boiling alcohol, thus achieving faster reaction rate at 200F
and 5 atnosphere pressures. 15The reaction in nmethanol between the epoxy
silane and the pol yam ne can-go to conpletion with greater than 90%yield
in 3 hours-



The prepared reactant loading in the total solvent-reactant m xture is
generally not critical, and thus may range from about 1-95% More preferred
reactants are on the order of 70% of the total weight of the m xture, or

| ess 20The resulting nmultifunctional am no silane produced can be applied,
with or without further dilution with organic solvent, as a sol vent-borne
coating onto netallic substrates. Typically, the nmultifunctional silane
wll be at least partially hydrolyzed into silanol form This partial

hydrol ysi s caftheeexasplascé aropiatia diamingsand palyamiags derireastiopwite et o t he

mul tif ungklyembs AbdcAb&s RErSRALs RAMINE Bh RBrSUP 8 links arthing ngp?raréray be present

in the 25réaction mxturelnltlally For  a sil ane-sol vent 50 m xture by

weight, it is prefe aout 2t05p weFght of water shoul d
be present for eve by wei ght of am rpe si | ane adduct.
As a preferred nethk glvi ng the p unct icapal~pol yam ne-si | anes

in water, whi cHNay be required i NHeer Haln situations wher®hi gh vol atile,
organi ¢ solvent 30 em ssions are undesirable, the multifunctional
pol yani ne-silane may be converted into 't he anmoni um or salt f.grym Wi t h adds.

The preferred adds are.volsa adds with a boi point | ess than
350F incl udi ng but 1 acid and form d. .. Thus,
by this invention, gr Si

al um num ar e>rovhHggd which are
free of chrom upNand™fhig extd82 | ent characteristics as paint
priners, The coatings are useful on alum num but also on akuyi num al | oys
and other materials, such as steel, zinc, copper, chromu Zi rconi um
manganese, cobalt, nickel, titani um 5 m)l ybdenum for npl e, and al |l oys
t her eof . The } S y formul ated

into colloidal solut ' [ ich are eithg at er based or
organi c sol vent S€eh_Nd_ Ay be apphked by Psprayl NGOy~ PPNEY-
Typi cal ly, the ocess ofH2§ppI ication thereof “to netal s’ conpri sés (1)

al kaline cleaning, (2) a double rinse, (3) dip coating in the coating 10
formul ation of this invention, haV|ng approprlate sol vents and ot her
conventional i ngredi R ‘

i nvention may be thi
when di p-coated on _ne : ‘1 w. %total solids water
(colloidal) sol dkNon. oatlng is typica invisible to the eyes, and
therefore is not 15 colored, as are chronme coatings Chrone coatings

interfere with the rretal s natural Iuster Surface active agents nmay

be optionally added to [ e wet G e terials of this

i nvention on a netal : gni c, i @ noni oni ¢ surfactants

can be added to the § for at e n asgpee ﬁatlon of typically
nt of the toIfIHI soI ution weig

0.05- 20 2 wei ghthalerc .2 Ani oni ¢ or noni oni c
surfactants are typically preferred. Defoaners nmay also be added, typically
at a weight percent of about 0.1-3 percent based on the total solution

wei ght . Corrosi gn 2 ) i ncl udi ng both

cat hodi ¢ and anodic i -unt of 0.1-5 wei ght
percent of the solid g d the exanpl es

bel ow ar I@fferedﬁﬁbr i Id%ﬂ%atl e-%ﬁﬁposes only, and até not intended to
limt th g%pe of the invention of this application, which is as defined
in the clains bel ow

5 In the reaction of a polyamine with the silane carrying silicon-bonded

hydrolyzable groups as described above, the multifunctional amine “backbone’,
represented by R above covalently links through the amine groups to the silane “arms”
(the R’ groups) as above, to form amine silane adducts. In the embodiments where an
epoxy silane is used, the adducts are formed by the creation of amine-epoxy linkages,
10  with a varying number of the amine-epoxy linkages depending on the molar ratio, to



Exanple 1: A sihcic acid solution was produced by passing a solution of 25
grans of sodiumsilicate in 57.37g of deionized water through a col um

cont ai ni ng Dowex 650C(-1+) cation exchange resin_ About 40 m . of resin for
each 100 grans of sodiumsilicate 5solution plus water was used. The
resul ting product conprises a silicic acid solution at a pH of about 3.5.
To this freshly nmade sol ution was added 5 grans of 3-

gl yci doxypropyl tri met hoxysil ane, the pH of the m xture being maintained at

| ess than 7 throughout the m xing. 10This m xture of silicic acid and

or ganosiHravide difieringtefiectoas dessdbedizboypeing resting slangmodified 2R at a rate of

10 m peJddU&tQH{chaW hﬁ]ltlbl@@eﬁrﬁ’ﬁ’aﬁ’&llypé}o%ﬁﬁé’t a?@mrﬂb@td}@ijdﬁﬂyzﬁble@foub@t er with

sufficient so droxi de to provi about he, wat er sol ution
bei ng hewcRas akervuridese %r@maqh'w highyriegres; E’@"W'ec%@f%sd’ﬁ'fm%g\f cent of the

silicic RaidisisandBhihg oﬂlﬁé ﬁ)&ﬁél ﬁbletdmpﬁragmatbﬂm% cadbfohh a 36lufformei ght
percent of deionized water an n?c? ercent_ of soﬂ ym thdrom de was
Do e HisPEREIE S SHEd g2 pimsineg.cgitonaelorig k. Excalent sl

gl yci doxisRe epyrt Adhigved hoxysi | ane was 4. 3/ 1. ' The resul ti ng solution is
a clear, colloid sol ution.co I n orabout 10-20
nanonet ers (lrfﬁ’?r?&m"aﬂ%?%?‘y S{IWF%’QF%? gﬂgérgdle %?ng?ﬁ%er%étg Net work of

Si @ uniwateradispesilim especiaiynehanmidutralizag Fith ap begagic acid such ag apetmacsd Exanpl e,
oo o mrsBleset 3 BARCARY L hOBSAARKALIABE VRS rRLIE b Paford, A, of uel o

containin cetrc aci e solution was in an ice bath to
keeptQ héh@c¢alnes@UM| ie fresspiazandeysymetals sgchyan C"cﬂmléimsﬁuftbﬁﬁ‘%% 28 sol ution

like th ue{sus%ﬁ/@gah@onlof%'fef@&@do@mﬁmn&ma@muea th.Q&Ba Whg taPRIiGDAt Si 02. The

sil ane sol ution was added silicic acid solution, .and m xed

t hor ougHir¢aterthansthegs waeks H"tW&g dFSH éﬁat&ﬂ gbaptisprrosionpegorpange.dndi§ating n 1o a

reacti onnd hdtkd aﬁ%k@téﬁllﬂgof(baﬂlcgmiy ok aEﬂweV\époxypﬁraﬁeaBdlﬁ;Mh watehy dr oxi. de
sol ution, m xe he resulting

col 1'of dafruEdaprosreRSoe b mala B RreRti s S e mBRte Wl vor k of Si 02
uni t 4 anfe amtm@@qhwnahtlcﬁl&ﬂstuﬁertss, coval ently bonded together in siloxane

30l i nk , d i cl t db

au als In 2?:; i ?Ref ?‘5’?{?9 g%a!ge[ %qprhﬁ%%(r%ﬁl' ngt%%?%lagﬁjss %u?\m‘am and no)geéip:; Immr;ﬁt y

simlar thaebhmnabmesmmmamenammram fipping, mgtr(e RS Ghheaentied process

t hi | 5 f

ncettc dipkbe SRRMBEY bR tal e pfuiihe Heanlfy, Saphig e iBGoptint, 1 0

st abl e. ﬁlﬁe:pamgab)eér}n,ealﬁlg&ﬂ@rdmm '@Pi@b&f@edtﬂg@@réﬂf@wieé fanggdTofuReMat ed, in a
mannsg Sté%él?furé & J’%m@ toan %\?ﬁgeJ t@ﬁwpén‘é{dﬂé b%oﬁpﬁg% WiAGhigheP85 Wt . percent

Si 027" The ane solution was a sol ut1on, and m xed
t hor ougHegpperaiesAqegieiating tigicense-linking process of the coating.

The reaction conditions for making polyamine-epoxy silane adducts of ingredient
(b) are generally quite mild. For the epoxy si!anes.the conditions of making adducts
may often be simply a period of reaction of 24 to 48 hours at about 22°C, or a period of

25  about 3 hours at 70°C, the reaction being typically performed in alcoho! solvent. The
reaction yield is high, usually exceeding 90% of the amine present.

Resulting coatings containing ingredient (b) can be thin and clear, being typically
on the order, after drying, of 0.3 to 1 micron in thickness (in the case where it is dip-
coated from 5 weight percent water solution). The material of this invention can be

30 invisible to the eyes, and therefore does not interfere with the metal's natural luster,

contrary to the chromium based conversion coatings.
Examples of epoxy silanes which may be used in this invention to make

ingredients (a) and/or (b} comprise 3-glycidoxypropyltrimethoxysilane:

10



The resulting m xture was then added a rate of 1.5 m per mnute to a
reaction flask containing 0.4 gm of 50 w. percent sodi um hydroxi de
solution, mxed with 68.6 10 gm of water, at a tenperature of 80C The
expected al kali condensation of the silane and & ido acid took place,
resulting in conposite particles of silica and silane having a particle
size of about 5.5 nm, as determned by QELS. ‘Exanple 4: In this exanple,
the direct synthesis of vi nyl - doped col |l oidal silica nanoparticles is 15

di scl ose@-glwmcmrom@nethyighmemwsnﬁﬁelumwm@yﬁmtwmlam andi3si de portion of

the coll p | ges are made in situ, without the addition
of pref o%l]rf@g f‘pé/ nop Elﬂ% (as is disclosed in the next exanple).

A batch of S|4\p@fetfrea@iobre@tdwmon@wt'm&@emdé'p%f@a'Iﬂgﬁe@qﬁl@" Ak ingiedieRtanpl e 1,
the amoung) Dgh El@otﬁﬁ’oﬁal&fﬁol éH‘ntafir% Eél\%ﬁt mthdhhhéaI@MBénterﬂ% :2)%26‘9 of the

silicic aC|dsout|on ctlon m X ?lngo4gm

of 505t VO&HEP&EHPV%&H'Q?M ?RRH'F 69<Y%i@“§8?rﬁ?’?t he prefgsred a&?ﬁ{w'ﬁf” ‘?é' W at a

t enper at WRhel, 1i804F.or bRckdd, bEACmaei thars®tatboroatoms spacifieatly methiahel ohot  sol uti on
m nute over a period of two

t t

ﬁou?s,r ar %Q{?Bg': eﬁi‘f%lﬁg'tyr‘(‘g’e%’ﬁ'ﬂgﬁ%ﬁt‘?robﬁs%qw?rgjgggf?lm'ocﬂ c acid into nanoparticles
t hat renmai nedTheprefesed sytthesis|térapetaluresrobytypioally raiglf ftapm atmmnm°6tto on of this

t t ; t t
Which va2saRaditer BBt obia BN LR inBics. 4 £ ncateadiol]  ©0. |
and 3. 3 thptusesf metharmal as waelverddﬁuomor@smraﬂbe ofaction tﬁmpp@turﬁmwbe held t he above
e | Sohstadia naibiihd Bl of RenlefBih6d:P Il b AbBs ks iy £OTPL 1

y's e I hg artic

general | cal aneter of about 25 nm
as obt ai mtu@yvetsselrnmcsssmﬁalep@@wrgnambrmgd@e epgntiomtamperatuess highef i on_ of t he

parti cl e?h éélﬁtetg béah‘@s g&ﬁi Husac Hlﬁ{/lﬁ%ﬁ%{e'r cFF%cbd’r‘ﬂ‘a eeat?ﬁﬁ"?%@rs portion of

the parti rrse énse a and organosi 'ane.” Exanple 5. In
this exaraﬁh@phelelplreﬂswls seed particles serve as a base on which silicic add

and ai or ganogid @aGioAifmERardB § e?bﬁ §i8he ShPIMB pelyamfklcah dato silica

seed particles having a size 0 nm were addéd to 250 gm of water
cont ai ni @gmglegorgmnﬁreg;eBﬂ)% §Q)é|)'!ﬁ|ﬁ 'ﬁﬁdWE@'r de solution to provide a pHin

excess of 8, ré;%réd)feﬁbtant li%iﬁﬂg in Sl tofal S9vehOreatthRt rﬁlﬁt@ﬁ‘é it @Bnerflyt i onal 1y,
added wat er

3-glyci d@?ﬁ/‘ﬁ!"&%yﬂdrt?‘ﬁéf‘%wg‘? f’%ﬁﬂé‘%aﬁgaéagﬁ e'éﬂmtecpr%m@cﬁ'l'e?aﬁﬁtﬁ 8"%91"8i ¢ “aci d
sol ut i on offer bITEO% yithe wtﬁmtgﬂhdgﬂthe mivaurp| e lebs. at a tenperature of 5C and a pH
o L TR R i ond Sl S bR BEBR R P8 ot L e
over a pw’thomt furtheatintion vithuorghoia sslventhes a saveht-borge poadidg onto natalier i si ng a
modi 11 ed sSrstriss: Bl BE L firRlorapUlang uitheriticshs SR ROl R8T 7
sitanol form. This partial hydrolysis can be achleved by adding a small amount of water
to the multifunctional silane-alcohol solvent mixture, or the water may be present in the
. 25  reaction mixture initially. For a silane-solvent 50:50 mixture by weight, it is preferred
that about 2 to 5 parts by weight of water should be present for every 100 parts by
weight of the polyamine-silane adduct.
As a preferred method for dissolving the multifunctional polyamine-silanes in
water, which may be required in certain situations where high volatile, organic solvent
30 emissions are undesirable, the multifunctional polyamine-silane may be converted into
the ammonium or salt form with acids. The preferred acids are volatile organic acids
with a boiling point less than 350°F including but not limited to acetic acid and formic

acid.
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exchange resin (Dowex 650C). The resulting organic nodified silica solution
was 15 col lected, and fornmed a stable solution at a pH of less than 3.7.
Exanpl e 6: The organosil ane-nodified colloidal silicas nmade as
specified in Exanples 1 and/or 2 above were mixed with the trisilane
material identified as TGL3 (and TGL3R) in U. S. Patent No. 6,867,318 81,

t he di scl osures of which are incorporated by reference in 20 this
application. The proportions of such mxing are as specified in Table 1

bel ow for ea h experinmental run. The m xture of the organosilane nodified
silica colloi B%si bg&'ﬂf‘Y%Wo%rFﬂ”Vﬁﬂ%” GeatingsefarcalyrAINYM a5R,pravded WhiFhi@on,” with a

total comsesFichinion 8 wh:d@l@mthemnt&néraaénsﬁwa@pmﬂpﬂfne& Tagj usted with
aceti c aci

nel s were cl eaned 0 obrite 45
ol Fal Al e s eyl on AN B ARG bR A B RIS ST e SIS S Seher | The
al um nunasadtéedyzinvasoppbe clromiLe, zircorium, mangamdse 0gobait, 2t titanium, The cl eaned,
al um hu I | p- iLnto,the 1% total solids solutlon descrlbed
above§| r%@g%}ﬁengwy\ﬁhgxa ec%ﬁ?%ﬁg%’beﬁ%em s illustrated in Table 1, and dried
at an oven aFhe&giing trmdalbtions meydws. coB@Blienally forvillatedants colpalalest er white

pai nt “%&Eﬁ‘é’foﬁ&@hbﬁ@ %?cjg&?é‘&th%i)%t%ﬁ?é“s'eﬁ%}&g ?é{ﬂ%ﬁ?bé@eﬁ %»drrﬁlg) er bar, to

achi eve a thick m crons o pai nt was
cured atbeaplied & sppaying oi gipeng. Typlca"yaﬁMEFOS%ﬁﬁié?Ifgpﬂl)@ﬁ@néﬁﬁfﬁQfé@iwal% scrat ches

three i nehfisésAAPalkding BBafng, Qﬁ)raoddi@lemnsé Q3)E‘dfgpé’o°a%n§’ﬁar the BBRAAy I N the scribe

| ine, The respective alunlnun1pane s, of he vari ous experinents were then

subj@:t dermulptign of isanvestien, bayind W%'ateaﬁ‘?ﬁe@tﬁé”%ﬁ@ﬁh‘@“&?““ﬂ!“i"st ering and
openi ng ikgredibiits,RRUINM) théreAbcirihg. scri be |ine vvas recorded. 5Experinents A-C

bel ow i n Tabl e iljzed t silic ane 0 | ica),

nanopart i desjnber%‘)ﬁﬁ Ehﬁ'ﬁ "f—.’?&f?ﬂl"eaylbe EQGB%%’ %’"@)9&“8? %/’]?E@&“{ 8 -

si | i ca- ahickress Wheredip-aoatad sh et )ikengumipam tfion aeﬁwt)f% totarspiide w%terExperl ments G
H, and | t y silane and
ani nosi 160{eldRb S8R (B chirBREuPletviy S AE IS, dnhsléfe BASLY o

nanaffar taobbessl, b arevabiagie Joatisgse Xprerss cehtings intedbreovithehe methibhaturdD 1, as are
the resyldis, expressed as a distance in mllineters of transverse openi ng

of the scrlbe line after the 1,000 hour salt spray treatnent.
Experi ment JSv@caaﬁfmasﬁets@ayrbeqwmwlewc@ﬂmﬁmmmeghﬂweﬁmgﬂhe eated nerely

with a Jrrfﬁtér?éié%f'ﬂ%‘un%ntﬂ;%ﬁ,a r)’t‘ét&l*'é%H&cet pidpRNEARB] frdGonioaied heat cured as

specified in thi iment Krelated to the painted panel

wi t hout Saffgctants ﬁ'%" ??r@drﬁ’ie%o thg(ﬁtng E’H{"ng ﬁ’@t%'ai iR@ cpacenfration Qi peicaeO%ar e al | oy.

The z“oesuzlmgr&fp;ehezeﬁmweqzstaegdmiaﬁm.gﬁt |Amd#ﬁddr'néhlﬂﬁclﬂﬁédtéh@$éf§nt of al um num
with the ¢o anosi | gn

i an of n
nanopar tYR§ %Pf%‘" i §& anﬁFst@ﬂa‘ﬁ%P%?dd&&rm@?@M a} %g’ﬁ'lggtsperi%ﬁ‘ﬁfaﬂb%t with the
pr et r eatoredpeeéntpbased SAlR toNsbigion aelgit.

Corrosion inhibitors may also be added, including both cathodic and anodic
inhibitors, optionalfy in the amount of 0.1-5 weight percent of the solids present.
25 The above disclosure and the examples below are offered for ilustrative
purposes only, and are not intended to limit the scope of the invention of this application,
which is as defined in the claims below.
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20 inmproved results over the panel where the paint was directly applied to
the alum num alloy without an intervening pretreatment |ayer. Table 1
Experiment Conposition TGL3/Silica Ratio (by. wt.) 1000 Hr. Salt Spray-
blister wdth (nmm A TGL3 + epoxysilica lto 1 1

Example 1:

A silicic acid solution was produced by passing a solution of 25 grams of sodium
silicate in 57.37g of deionized water through a column containing Dowex 650C(H")
cation exchange resin. About 40 ml. of resin for each 100 grams of sodium silicate

5 solution plus water was used. The resulting product comprises a silicic acid solution at
a pH of about 3.5. ‘

To this freshly made solution was added 5 grams of 3-
glycidoxypropyltrimethoxysilane, the pH of the mixture being maintained at less than 7
throughout the mixing. ,

10 This mixture of silicic acid and organosilane in water was then dripped into a
reaction flask at a rate of 10 mi per minute, with the reaction flask containing 31 ml of
water with sufficient sodium hydroxide to provide a pH of about 9, the water solution
being heated and under agitation. Specifically, 64 weight percent of the silicic acid; 5
weight percent of the organosilane; about 30.7 weight percent of deionized water and

15 0.3 wt. percent of sodium hydroxide was combined in the flask. The mol. ratio of SiO/3-
glycidoxypropyltrimethoxysilane was 4.3/1.

The resulting solution is a clear, colloidal solution comprising colloidal particles of )
about 10-20 nanometers (nm) diameter, the particles comprising a bonded network of
SiO; units and organosilane units.

20 ‘ Example 2:

In this Example, 0.25 gm. of 3-aminopropyltrimethoxysilane was added to 5.0 gm.
of water containing 0.15 gm. of acetic acid. The solution was kept in an ice bath to keep o
the silane stable. Separately, 25.6 gm. of a silicic acid solution like that of Example 1
was prepared, containing 0.085 wt. percent SiO.. The silane solution was added to the
25  silicic acid solution, and mixed thoroughly. This solution was then added at a rate of 1.5
ml/min to a reaction flask containing 0.4 gm. of 50 wit. peréent sodium hydroxide
solution, mixed with 68.6 gm. of water, heated to 80°C.
The resulting colloidal sofution was clear, comprising nanbparticies of a network
of SiO. units and aminoalkylsilane units, covalently bonded together in siloxane
30 linkages, and having a particle size of about 5.5 nm., as determined by quasi-elastic

light scattering (QELS).

13
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B TGL3 + epoxysilica 2 to 1 0.5 C TGL3 + epoxysilica 1 to 2 1.5
TGL3 + am nosilica

Example 3:

An experiment similar to the above was repeated, by placing 0.25 gram of
thiopropyltrimethoxysilane into 5.0 gm. of water containing 0.15 gm of acetic acid. The
solution was kept in an ice bath, to keep the silane stable. '

5 Separately,-25.6 gm. of silicic acid solution was generated, in a manner similarto - -
Example 1, with the solution containing 0.085 wt. percent SiO,. The silane solution was
added to the silicic acid solution, and mixed thoroughly, the pH being acidic. |

The resulting mixture was then added a rate of 1.5 ml per minute to a reaction
flask containing 0.4 gm. of 50 wt. percent sodium hydroxide solution, mixed with 68.6

10 gm. of water, at a temperature of 80°C. The expected alkali condensation of the silane
and silicic acid took place, resulting in composite particles of silica and sitane having a
particle size of about 5.5 nm., as determined by QELS.

Example 4:

In this example, the direct synthesis of vinyl-doped colloidal silica nanoparticles is

15  disclosed, where the vinyl groups are located only on an outside portion of the colloid,
but the nanoparticles are made in situ, without the addition of preformed silica
nanoparticles (as is disclosed in the next example).

A batch of silicic acid solution was prepared in the manner of Example 1, the
amount being 56.2 gm. of solution. Of this amount, 46.2 gm. of the silicic acid solution

20 was added to a reaction mixture containing 0.4 gm. of 50 wt. percent sodium hydroxide
solution in 40.0 gm. of water, at a temperature of 90°C. The silicic acid solution was
added to the hot solution at a rate increasing from 0.22 mi to 0.8 ml per minute over a
period of two houfs, resulting in the condensation of the silicic acid into nanoparticles
that remained in a silica colloidal solution.

25 After completion of this reaction, another 10 gm. of the above, original silicic acid
solution, to which was added 0.5 gm. of vinyltrimethoxysilane, 0.5 gm. of acetic acid,
and 33.3 gm. of water, was added at a rate of 12 ml per minute to the above silica
colloidal solution.

The resulting colloidal solution comprised generally spherical particles having a

30 particle diameter of about 25 nm. as obtained by transmission electron micrograph. The
inner portion of the particles comprised substantially pure silica, while an outer portion of
the particles comprised condensed silica and organosilane.

14
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0.5 E 1013 + amnosilica 2 to 1 0.5 F TGL3 + amnosilica 1

Example 5:

In this example, colloidal seed particles serve as a base on which silicic acid and
an organosilane are co-condensed. Sixteen grams of colloidal silica seed particles
having a size of about 20 nm. were added to 250 gm. of water containing 2.2 gm. of
50% sodium hydrdxide solution to provide a pH in excess of 8, and to form a “heel’
solution for the reaction. Optionally, added water may be added.

Separately, 15 gm. of 3-glycidoxypropyltrimethoxysilane was added to freshly
made silicic acid solution of the type prepared in Example 1, at a temperature of 5°C
and a pH of about 3.5.

The reaction “heel” solution was heated to 80°C with agitation, while the silicic
acid-organosilane solution was slowly added over a period of about four hours.

The resulting product, comprising a solution of silica nanoparticles having an outer
coating of organic modified silica, was passed through a column of regenerated cationic
exchange resin (Dowex 650C). The resulting organic modified silica solution was
collected, and formed a stable solution at a pH of less than 3.7.

Example 6:

The organosilane-modified colicidal silicas made as specified in Examples 1
and/or 2 above were mixed with the trisilane material identified as TG13 (and TG13R) in
U.S. Patent No. 6,867,318 B1, the disclosures of which are incorporated by reference in
this application. The proportions of such mixing are as specified in Table 1 below for
each experimental run. The mixture of the organosilane modified silica colloidal solution
and TG13 was made in an aqueous solution, with a total concentration of 1 weight
percent solids and a pH of 5, adjusted with acetic acid.

Aluminum panels were cleaned with Nalco Globrite 45 IL alkaline cleaner, and

_rinsed thoroughly with deionized water. The aluminum alloy was the copper-containing

alioy AL2024.
The cleaned, aluminum panels were dip-coated into the 1% total solids solution

described above in each of the specific experiments illustrated in Table 1, and dried at

an oven at 250°F for 15 minutes.

Sherwin Williams’ polyester white paint was then applied over the coated
aluminum panels via a roller bar, to achieve a thickness of 20-30 microns of the paint
layer, and the paiht was cured at 350°F for 20 minutes.

15
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G TGL3 + epoxy-amnosilicalto 1 mx 1to 1 0.5 HTGL3 +
epoxy-amnosilica 1 to 1 mx 2to 10 | 1G13 + epoxy-amnosilica Ito 1
mx 1to 2 0.5 :

The panels were scribed with scratches three inches long, using a sharp point to
expose bare metal in the scribe line. The respective aluminum panels of the various
experiments were then subjected to a 1,000 hour salt spray, and the-amount of
blistering and opening of the paint along the scribe line was recorded.

5 Experiments A-C below in Table 1 utilized the silica-epoxy silane (epoxysilica)
nanoparticles prepared in Example 1. Experiments D-F utilized the silica-aminosilane
(aminosilica) nanoparticles of Example 2. Experiments G, ‘H, and | utilized a one-to-one
mixture (by weight) of the epoxy silane and aminosilane nanoparticles. The ratio of
TG13 to the modified silica nanoparticles (by weight) is expressed in each case in Table

10 1, as are the results, expressed as a distance in millimeters of transverse opening of the .
scribe line after the 1,000 hour salt spray treatment.

Experiment J is a run where the painted aluminum panel was treated merely with
a 1% solution of TG13, without the nanoparticles, and heat cured as speci‘ﬁed in this
Example.

15 Experiment K related to the painted panel without any paint priming, so that the
paint was laid upon the bare alloy.

The resuits show that experiments A-l, utilizing pretreatment of aluminum with the
combination of TG13 and organosilane-modified silica nanoparticles, provide improved
paint adhesion results, compared with the pretreatment of pure TG13, and greatly

20 improved results over the panel where the paint was directly applied to the aluminum
alioy without an intervening pretreatment layer.
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J pure TGL3 1% 2 K Blank 5

Table 1
1000 Hr.
Experiment : Composition TG13/Silica | Salt Spray-
Ratio blister width
(by. wt) (mm)
A TG13 + epoxysilica fto1 1
B TG13 + epoxysilica 2to1 0.5
C TG13 + epoxysilica 1to 2 1.5
D TG13 + aminosilica 1' to 1 0.5
E TG13 + aminosilica Y 05
F TG13 + aminosilica 1to2 0
G | TG13+ epoxy-aminosiica 1to Tmix | 110 1 0.5
H TG13 + epoxy-aminosilica 1 to 1 mix 2t01 0
| TG13 + epoxy-aminosilica 1 to 1 mix 1to 2 0.5
J ' pure TG13 1% 2
K Blank 5
Example 7:

An aqueous coating composition containing 5 Wt. percent of TG 14 (U.S. Pat.
5 6,867,318) and 0.5 wt. percent epoxysilane-modified silica of Example 1 produced a film

17
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Exanpl e 7: An aqueous coating conposition containing 5 W. percent of TO 14
(U S Pat. 5 6,867,318) and 0.5 wt. percent epoxysilane-nodified silica of
Exanple 1 produced a film with a Hardness of over 8H by a pencil hardness
test, in contrast with a pure TG 14 film (U S. pat. 6,867,318 Bl) produced
in a conparable manner, which had a pencil hardness test result of 4H Both
films were baked at 250 degrees F. for 15 mnutes. The increased hardness

i nplies abrasion resistance inparted by the nodified silica. CLAI M5 WHAT
VWHCHIS CLAIMED | S: 1. The nethod of preparing nang artlcles of

or ganosi Witlhe Hardoass efaversit hiapensfi haranessipsti 18 eantrashyith dPYreiTg! 4fiMal kal |

si | i cat e ugqak m%mmﬂbﬁow&a if Qc@rhbé’rhﬂeﬂnaﬁhérl @hl@h ﬁé‘d 4 §hcﬂ per si on;
addi ng an organosi | ane

avi n dro I h s to the
di spersi Qﬁidfﬂﬁ‘r’éé@St ?@P’él%ﬁh@i"m k?‘gﬁtﬁ/ ﬁé’eg gi-f\éb 'PWHgaiQ@%er sion to
at | eastingriegddd ﬁa@drﬁ‘e@@lﬁﬁahé@ﬁlﬁ@ﬂmmﬁnﬁ inipagted By thegwatfied kiicee and si-licic
acid fo form nanoparticles conprising an aggregate of silica and said
or ganvsi | ane. : 2. The nethod of claiml in which said silicic add
di spersion conprises silicic acid nol ecul es having an average of no nore
t han about ten silicon atons per silicic acid nolecule, prior to raising
the pH and the pH of the dispersion is raised to at |east 15 ten. 3.
The nethod of claim1 in which said organosilane conprises a material of
the formula (R aSi (Ri)b, in which Ris an organic radical having a reactive
group conprising at |east one of (1) nitrogen, (2) oxygen, (3) sulfur, and
(4) at |east one unsaturated carbon-carbon |inkage; Rl is a hydrolyzable
group or an al kyl group, at least 20 two of said Rl groups being
hydrol yzabl e groups; ais 1 or 2; and bis 2 or 3, the total of a and b
bei ng 4. 4. The nmethod of claim1 in which said organosil ane
conprises a material of
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111),Si-R 3 -si(12.1.i the formula ()G in which RL s a hydrol yzabl e group;
R2 is a (R)d(R2)d hydr ocarbon radical; R3 is a divalent organic
radical, cis 2 or 3; dis O or 1, the c and d 25relating to each silicon
atomtotaling 3. 5. The method of claim5 in which R3 has a reactive
group conprising at |least one of: (1) nitrogen, (2) oxygen, (3) sulfur, and
(4) at |east one unsaturated carbon-carbon |inkage. 6. The

met hod of claim1 in which the nanogarticles formed have an average 30 size
of no nore than one m cron. e di spersion of nanoparticles nmade

by the plfWHA$WthQB@iLNMED 1$8. The xt hod of claim1 in which the

or ganosi | ane ses a e or_ conbination_of allyltrialkoxysilane,

gl yci doxytri af{‘kox gé’ﬁﬂ”ﬁﬂ‘i’%"&%r{.‘?’?s ‘?ﬁ?&‘%&vg?'%aﬁg’."%@e@ﬁﬁ"%t hod of

cl ai Im 1 wnimum{pr.s@a d alkali silicate is hydrolyzed by cationic 5exchange
resulting in si]Jicic acid at. an | d of claimlin
whi ch ®t he nan é?hﬁ"@ aégallfagrsilrlg%eHﬁ@éer%gﬁﬂg\r}%p%aéo é%@gﬁ 'cg%tc 50nm 11. The

nmet hod ofdispemiam 1 in which silica seed particles of an average size of

2 to 200 ri m%&gﬁf@?&o&léﬂ@ﬁa&ﬂgﬂ@ B SrdRBRREEE BrolboRARST on prior Lo

rai sing the pH, orm en nopart A'protective coating
f or met aldisparsfanomder aditl esmdigengy en (a) one part by weight of the

or ganosi | ane-g&ﬁ dthegrgtne ihbeesp@@ra,a@@atnéaét 8gnMBLaudohidhsERiTtheo! ol aim 1.
and (b rom tparts i ght of the react |o? lhg)aroduct of (1)

a Conwoumgganosﬂane and silicic acxd to form nanopartlcles compnsmg an aggregate and

said organosilane.

2, The method of claim 1 in which said silicic acid dispersion comprises silicic
acid molecules having an average of no more than about ten silicon atoms per silicic
acid molecule, prior to raising the pH and the pH of the dispersion is raised to at least

15 ten. ' '

3. The method of claim 1 in which said organosilane comprises a material of
the formula (R)aSi(R")p, in which R is an organic radical having a reactive group
comprising at least one of (1) nitrogen, (2) oxygen, (3) sulfur, and (4) at least one
unsaturated carbon-carbon linkage; R'is a hydrolyzable group or an alkyl group, at least

20  two of said R’ groups being hydrolyzable groups; a is 1 or 2; and b is 2 or 3, the total of
a and b being 4.
4 The method of claim 1 in which said organcsilane comprises a material of

3 -
the formula ®R').Si-R* -SiRY, inwhichR'is a hydrolyzable group; R¥is a
RY, R,
hydrocarbon radical, R3is a divalent organic radical, cis 2 or 3;disOor 1, thecand d

25 relating to each silicon atom totaling 3.
5. The method of claim 5 in which R® has a reactive group comprising at least
one of. {1) nitrogen, (2) oxygen, (3) sulfur, and (4) at least one unsaturated carbon-

carbon linkage.
6. The method of claim 1 in which the nanoparticles formed have an average

30 size of no more than one micron.
7. The dispersion of nanoparticles made by the process of claim 1.

19
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15 conprising a polyamne in which a plurality of am ne groups are bonded
to at | east one radical selected fromthe group consisting of hydrocarbon
and hydrocarbon ether groups that separate nitrogen atons of said anm ne
groups by at least four internediate atons in a chain, and (2) a silane
which carries a plurality of silicon-bonded hydrol yzabl e groups and a
silicon-bonded organic group that is covalently reactive to and whi ch bonds
with 20 said am ne group, said silane also conprising hydrol yzabl e groups,
to provide a reaction . product nolecul e which coggrises an average of 2.5

to 3.5 silan& groUWﬂB?JD?FﬂaéTEJI”éWh'Ch the orgaiosifgee GPIFPEREF YRS HBat i ng of claim
12 i n whidgibisdliofl oPaly AKX sHake, Qfyciaaxyttiaikogaiasd drane- nodi fied silica .
conprises_an rp.ngal ka/?l(s’t rial koxysilane. 14.The protective coating of claim
12 in wh?‘E'ﬂ°§'g¥fHa' PRSI | ane of said 25 organosilane-nodified silica
conprises a @i xt Urhe méthdt efrdaimpriopkich said hikalkylkdatesin aydrolgzea by cationic

3-gl yci doxypro trial koxysi.lane. 15 The protective coating of claim12 in
whi chgi na?cg%lwggﬁ%&tlt&g "&8‘%¥?%%§ ™ c"f%@ct i on product of substantially a 3:1
nol ar rati o 4d0. 3-Tieyuétblkefitabpilin whick themanepdrticles fanrebd have an average

CCC -ty t5h_§{§0n]m 6- hexanedi am ne. 3016. Organosi | ane-nodi fi ed

nanoparticles of silica, havi ng_a E_art_i_cl e size of no nore than one mcron,
i n whi ch t he1dr gakednethgreofciain d dxwhigh glierreed particlpealkan avemgpsizaf i al porti on

of the enld 30 APhid R tolthesiAN R blghfdsisneadichenin dridto raising R siyir f.aces of

i
t he nanoparticles. .. 17. The silica nanoparticles of claim16 in
whi cHP t Heifermeiargeq Ranepaidicles no nore than 200nm 18. The silica

nanoparti cl e320f & pidttivkbooating¥oi @btal §1ffabd) RRE cbAp@esonpri ses a material of
the formul a %R).SKRSb i n \gﬂLCfB?R I S an. or @F% r.adi cal alvi ng a reactive 5
group conpri @ng %4E PRERY peighto e?’??"%f%ﬂﬁdﬁ 1edsfica gauapapicles 8jadg | f yr . and
(4) at |meané mettedwhsiainuf;adndd car bon-carbon |inkage; Rl is a hydrol yzabl e
group; ais : IS 2.9 .t ot ing 4. 19. The
silica nanopkr)?'lrog’lzoe% %2}9 pégr}séyly%vei@t Pﬁhﬁ%l‘gﬁgnspar?%cgzr’fg@%%gﬁgorlljggcorrpr .ses (

121) 8 -dopriSing 32dlyemine imwhigh e piuadlitodf anine groupsidrabondetite &t i@t bre a

hydr ol y ; | - | ; Is a

di val entng gkgfﬁ{egfégggﬁgma’% amégelgérgésg ‘%b&ya%@xgéﬁﬁo?%ﬁ%ﬁ%ﬁémg relating to
each si |theleepamtemitregenlatams & said amine groups by at least four intermediate atoms in

a chain, and (2) a silane which carries a plurality of silicon-bonded hydrolyzable groups
and a silicon-bonded organic group that is covalently reacﬁve to and which bonds with

20 said amine group, said silane also comprising hydrolyzable groups, to provide a reaction - .
product molecule which comprises an average of 2.5 to 3.5 silane groups per molecule.

13.  The protective coatingb of claim 12 in which said organosilane of said
organosilane-modified silica comprises an aminoalkyltrialkoxysitane.

14.  The protective coating of claim 12 in which said organosilane of said

25 organosilane-modified silica comprises a mixture of 3-aminopropyltrialkoxysilane and a
3-glycidoxypropyltriatkoxysilane.

15.  The protective coating of claim 12 in which ingredient (b) comprises the
reaction product of substantially a 3:1 molar ratio of 3-glycidoxypropyltrimethoxysilane
and C,C,C,-trimethyl-1,6-hexanediamine.

30 16.  Organosilane-modified nanoparticles of silica, having a particle size of no
more than one micron, in which the organosilane resides throughout at least a
substantial portion.of the entire volume of the nanoparticles and not just at the surfaces

_of the nanoparticles. ’
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20. The silica nanopartides of claim16 in which their particle size is 5
-100nm 21. A transparent, aqueous colloidal solution conprising the
nanoparticles of claim16. 1522. The silica nanoparticles of claim 16, which
have a silane-free central vol une.

17.  The silica nanoparticles of claim 16 in which their particle size is no more
than 200nm.

18.  The silica nanoparticles of claim 16 in which the organosilane comprises a
material of the formula (R)aS|(R1)b, in which R is an organic radical having a reactive

5  group comprising at least one of (1) nitrogen, (2) oxygen, (3) sulfur, and (4) at least one

unsaturated carbon-carbon linkage; R is a hydrolyzable group; ais 1or2; andbis 2 or
3, the total of a and b being 4. _

19.  The silica nanoparticles of claim 16 in which said organosilane comprises

. 1 EN » SR <] 1 .
a material of the formula ® LEZ}; (::()R ). in which R? is a hydrolyzable group; Ris
d d
10 a hydrocarbon radical; R3 is a divalent organic radical, cis 2 or 3;disCor 1, the cand d

relating to each silicon atom totaling 3.
20. The silica nanoparticles of claim 16 in which their particle size is 5 -100nm.
21. A transparent, aqueous colloidal solution comprising the nanoparticles of

claim 16.
15 22.  The silica nanoparticles of claim 16, which have a silane-free central

volume.
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