ORGANICALLY MODIFIED SILICA AND USE THEREOF BACKGROUND OF THE INVENTION
Organically modified silica particles are used as fillers for materials and the like, as well as a number of
high technology uses. The silica may be in colloid form. 5In the prior art, it is known to graft organically
modified silanes onto a silica nanopatrticle surface. Natural silica is covered with hydroxide groups,
which are reactive with.si Vi il lyzable, a0 silane to the silica.
Such silanes may carbﬁ%mg?%mﬁE@%&'@Aﬁ%&%ﬁ%&ﬁfwlkyI group, or any
of a variety of organic groups, which can change the 10surface characteristics of the silica. By this
invention, silica nanoparticles are Alathifd{ ) Dy ¢ h by HWWEN A MN o difying agent is directly
incorporated into the nanopatrticles throughout their volume, rather than merely occupying the surface
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thusdormggadb ke didershttireoyiding Qpeertunities for new types of fillers, abrasives having greater
softness than pure silica, and other desirable characteristics. Such nanoparticles may find high

30technology uS&HSEVERERTMIS 5B RRARBRIGS etharaIRE N IIRA M WhISI ANLoaaRRIRNEatalyst
supports neduiging agenalisdiresoris surditeilike the natdsame esnbesiigiests thesrparticle size of
the modified silica nanoparticles may be no.more than 200 napometers, f r?xamge about 3 to 150
nanometéPLRG, LR FARARSHElRESHPYING he SHiasR, BRI AR TGF e F¥artcles of
organosi@MﬁuﬂiﬁBwﬁﬂildx:almmct?)ieﬁdﬁqﬁme‘@mmgﬁmmtibbqko@%ib_g aokédi@ds’ﬂial_ate ur;]der_
acigcon . . 0 s [ rsion: r [ aving
hyo?I rﬁxylﬂ%%?%@gﬁﬁﬁﬁgdﬁo}/%é [grtéég;ﬁg Sr%ﬁbﬁ(ﬂﬁg{c%m%gﬁﬁ%’n%% e(r9 acl cc?c?# ﬁ %%ns;
(generallrzopi us&gftﬁﬁh@@m@paﬁulﬂmmﬁmw@gﬂm mébj'swnsiks_iomfatmmez_as_t about eight,
fo cause cordemplg e alereBlBaGAbel e TEkhiR B LISRRRRAT Gl BRgS 09 o

aggregate of silica and said organosilane. _ o
reactive silane to its surface, so that the manufacturing process is simplified.

20 DESCRIPTION OF THE INVENTION

By this invention, as stated, organosilane-modified nanoparticles of silica are
provided, having a particle size of no more than one micron, in which the
organosilane typically is found throughout at least a substantial portion of the entire
volume of the nanoparticle, and not just at the surfaces thereof. Accordingly, upon

25 the breakage of a 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

30 technology uses in, for example, biotechnology, and also as foam stabilizers,
catalysts, catalyst supports, abrasive and polishing agents, and the like.



In some embodiments, the silicic acid dispersion, prior to raising of the pH of the dispersion, comprises
silicic acid molecules having an average of no more than about 10 silicon atoms per silicic acid
molecule. 15Typically, the pH of the dispersion may be raised to at least about 10 in the pH raising
step of the above method. Prior to the step of raising the pH as described above, the silicic acid
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nanoparticles from silicic acid containing the organosilane is a longer and more
difficult process. In the absence of such silica seeds, by the process of this
invention, silica-organosilane nanoparticles on the order of 5-20 nm are easily made.
As a further advantage of the use of silica seeds up to about 200 nm in
30 diameter, the resulting nanoparticles will have a pure silica interior, and then an outer
volume having a discrete thickness below the particle surface of the thickness
desired, which comprises the co-condensed silica and organosilane, so that the
organosilane resides through an outer portion of the entire volume of the
nanoparticles and not just at the surfaces of the nanoparticles, but the interior can be
35 silane-free, for a saving of the more expensive silane material, while still achieving
the advantages of having a discrete thickness of co-condensed silica-organosilane
below the surface of the particles. Thus, typically, at least a substantial portion of the
entire volume of the silica nanopatrticles



200ptionally, the nanopatrticle dispersion prepared in accordance with this invention may be deionized,
to once again acidify the colloidal solution from an alkali pH such as pH 9 down to an acid pH on the
order of 3-4, for stabilization in acidic formulations. This can be accomplished through cationic
exchange in a conventional manner. 25In some embodiments, the organosilane comprises a material
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hydrocar on 25ra R3Isa nt qrganicra cils 2 dis0or 1, the c and d relating to
pH such as pH 9 down to an acid pH on the order of 3-4, for stabilization in acidic

formulations. This can be accomplished through cationic exchange in a conventional
manner.

25 In some embodiments, the organosilane comprises a material of the formula
(R)aSi(R")s, in which R is an organic radical having a reactive group comprising at
least 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 b is 2 or 3, the

30 total of a and b being 4.

R has a reactive group which comprises at least one of (1) nitrogen,
(2) oxygen, (3) sulfur, and (4) at least one unsaturated carbon-carbon linkage.
Examples of such materials may be allyl, 3-glycidoxypropyl; 3-aminopropyl;
dimethylaminopropyl; 3-iodopropyl; 3-chloropropyl; acetoxypropyl; 3-

35 methacryloxypropyl; and mercaptopropyl. 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



each silicon atom totaling 3. Referring to the above formula, R1 may be hydroxyl or a hydrolyzable
group as previously discussed. R2 may be a hydrocarbon radical if present, such as methyl, ethyl, or
phenyl. 30R3 is a divalent organic radical, for example dimethylene, 2-ethyl hexamethylene,
phenylene or similar radicals, optionally modified to have a reactive group as previously described
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chloropropyltriethoxysilane; acetoxytriethoxysilane; and 3-thiopropyltrimethoxysilane.
Alternatively, the organosilane may comprise a material of the formula

(RI)CSi—R3—|Si(R1)C
I

Ry Rg 5.
in which R" is a hydrolyzable group; R® is a hydrocarbon

25 radical; R%is a divalent organic radical, c is 2 or 3; d is 0 or 1, the ¢ and d relating to

each silicon atom totaling 3.

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.

30 R%is a divalent organic radical, for example dimethylene, 2-ethyl
hexamethylene, 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

35 phenylene, or an unsaturated olefin



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 35which a plurality of amine groups are bonded to at least one
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micron, and typically about 10-100 nm. Particularly, temperature and rate of
combining of the ingredients can provide such control.

The nanoparticles formed may be used in known uses for silica nanoparticles,
but with the nanoparticles providing significant differences in performance because

25  of their different physical properties, due to the presence particularly of the organic
components. The nanoparticles may be stored as colloidal solutions.

Further in accordance with this invention, the nanoparticles produced herewith
may be incorporated into a protective coating for metal surfaces, which coating may
serve as an anticorrosion coating, but it also may serve as a priming coating for

30 paint.

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

35 which a plurality of amine groups are bonded to at least one radical selected from
the



In some embodiments, the polyamine may comprise about one molar part of C, C, C-trimethyl-1,
6-hexane diamine (such a carbon structure is shown in Patent No. 6,867,318), reacted with a silane
that has bonded hydrolyzable groups and a silicon-bonded organic epoxide radical, such as
3-glycidoxypropyltrimethoxysilane. 5In some embodiments, the polyamine has a molecular weight in
the range Pfuloo otﬁ } ,iOOOdfCﬁoggoreasrﬁlts can khe ggohcig\r/gg V\ét%ﬁgronr% l5no| [ e&ar{te o;; Fh{aediamine is
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intermediate afoms in the chain, one example of that being the TG13 and TG
the abov&! @RS Pl MEURBIaREISd alkylene radicals such as hexamethylene may also be used to
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carcinogenic characteristic of Cr*®.
However, coatings of the materials as described in U.S. Patent No. 6,867,318
15  are relatively 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
20 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,
25 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 silicon bonded organic group.
30 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
35 nitrogen atoms of the amine groups.



\ _ Ali-—-c---N1-1

2NR2--C,;)--A---,(.4, 1 )---1\V/ P\ il RIRI7 \ R2. igK,., 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 30groups, is shown below. Jeffamine-type materials may also be used.
-11;t4t12  iki.2 -(0032(1-1120k-N112 1 17 -C- (112 (0C il2C1-1122)1-N142 in,. (00 12CHR3)m-NH2

142 -(0C1120-1R

the formulas mmec? g%ly a é\éﬁﬁei%l’l}g{nd mare |§8%§g’ﬁé%%%%% ?é? &%t fhlésed in

formulae%b

CrAmabig F@Ib%%%rﬂj@%ﬂ%éﬁﬂ(}hsﬁé?ﬁﬂk%g%WB ?dérﬁ @9611';5’5 cﬁtﬁﬁtto 4 carbon

atoms. Tytnjcﬁl,l%é;ﬁ:temf tsactecnibithea S@meupatimiscogrulas deim%e(@)wmb(ahdmnedlgtely .
above m@M.@&WSF%%Por%amP I TARIRS OGRS %@W&%ﬂ?ﬂﬁfﬁ&mﬁ&sﬂﬁ@awon with

the %olysnanes f'

100 to 1
reacted

n some embodiments, the polyamin

escribed Rerein (thus forming an Rgrou at links amine ﬂE[QUpﬁ) are as follows:

has a molecular weight in'the range of
0,000. Good results can be achieved when one molar part of the diamine is
with at least 2.5 molar parts of the silane, to provide a composition with

molecules containing both silicon and amine groups and typically at least 2.5
hydrolyzable silane groups per molecule, up to typically about six silane groups per
10  molecule, on average.
The known alkylene ether polyamines (available from Huntsman International,
LLC located in The Woodlands, TX, and sold under the tradename Jeffamine®) may
be used in the preparation of the reaction product of ingredient (b).
The polyamine may also have amine groups bonded to a branched alkylene
15 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 th

e TG13 and TG14 materials disclosed in the above cited patent.

Unbranched alkylene radicals such as hexamethylene may also be used to form the
polyamine used in forming ingredient (b). Tetramethylene diamine may also be
20 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 Rs of these
aromatic formulations may comprise hydrogen or lower alkyl groups up to about 6
carbon atoms. These polyamines may be respectively reacted with the hydrolyzable
25 silanes described herein to provide the polyfunctional, cross-linkable materials used
in this invention. Examples are shown below:

Ry Ry Rs Rg
NH, Ra
NH, NH, CH, NH,
Ry
R/ Ry R¢ Ry
1

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

30 groups,

is shown below. Jeffamine-type materials may also be used.
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W H2N..r..,./ NHZH2N WI 1 ..z....S....ovrrrreeee. " NH2 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 10 where an epoxy silane
is used, the adducts are formed by the creation of amine-epoxy linkages, with a varying number of the
amine-epoxy linkages depending on the molar ratio, to provide differing effects as described above.
The resulting silane-modified amine adducts thus carry multiple terminal silyl groups that are bonded
to hydrolyzable groups such as alkoxy. These are capable of high-degree, intermolecular cross-linking
by hydrolysis and linking of the hyd%able*‘groups as the material is cast 5from a solution or
dispersion and cured into a crosslimked; BBI’HGSWJH protecting film. Excellent results have been
achieved. The polyamine-epoxy silane adducts of ingredient (b) may be water-soluble or water
dispersible especiélly when neutralized,with.gn.arganic acigd sych.as agetic acid. Therefore the
technology can be compliant with Igw VOC emission regulations. 10Also, the coating solution is free of
hazardous metals such as chronfiugncikdhemnore, an aq s&H84-selution of a preferred polyamine
silane adducts exhibits a long tankci}‘(_eocg}: greater than three weeks without degradation of anticorrosion
performance, indicating the hydrodyRamic stability of particafans the dfhine-epoxy silane adducts in
water. Thus, the process of use of the materials of

As used in the formulas immediately above, n, k, | and m are independently
integers from 1 to 3,000. In the formulae above, Rs through R1p may independently
5 be hydrogen or organic groups of up to 4 carbon atoms. Typically, each of the
numbered R groups in the groups of formulas (1) and (2) immediately above may be

hydrogen.



15this invention can be fully compatible with the existing equipment of customers. The coating can
be applied to metal substrates such as aluminum and alloys thereof from water solution, either by
spraying, dipping, or the like. The entire process may be accomplished by an initial step of alkaline
cleaning, a double rinse, dip coating, and curing by annealing with drying. Typical annealing

temperalures 20,01 [ 90 E/ORSIA R B AROULAAG AN VAl dE AR G AL abou

120C, with higher temperatures acce erga{ e Cross bgﬁ% process gﬁs the coating he reaction
cond|t|on@qyﬁﬂﬂl@ﬁéj%ﬁfﬁrﬁﬂwQ%E&V@Hﬁggr%m&g 6 GgHIBAt { r@'ﬁ@?e%ﬂ&‘?ﬁ)l@ #nild. For
the epoxpsiahesshe conditions of 25 making adducts may often be simply a period of reaction of 24
to 48 hours at about 22C, or a period of about 3 hours at 70C~the reaction being typically performed in

alcohol solvent. A 5 high, usually exceedi glamine present. Resulting
coatings contai an be thin and clgar, being 30 ally on the order, after drying, of
i eightHercent water solution).

03to1l gMuherddiNs dip=edated from
The material of this invention can be invisible to the eyes, and therefore does not interfere with the
metal's natural luster, contrary to the chromium based conversion coatrngs Examples of epoxy
silanes which may be used 'n this _inventign to make 35ingredients (a) anadrs }\@&mprise
3-glycidoxypropyliyi e glycid PXYpro yImethyIdrmethoxy
3-glycidoxypropylt ilang }\i)referred solvent for
conducting theaddust<forming reaetion to make mgreNi}(Iapt (b) is an alcohol or al¢HRol -containing
solvent in which the alcohot content 5is 30% by volume or more, typically abqut,50 volume percent.
The preferred alcohols are the alkyl alcohols, linear or branched, of no mo
specifically methanol or ethanol particularly when using a water-basedwgrking solution. The preferred
synthesis temperaiL 2y TV piahout 70F to 10250F. Highex temperatures generally
give faster reactio : : at uses methanol as ent without pressure, the
reaction temperatu P E}ﬂg point of mettang Q r up to about 6
hours. Usin eaction vdrsé‘él that can sustarn pressureZcan bring the reaction temperatures higher
than the point of boiling alcohol, thus achieving faster reaction 15 rate at 200F and 5 atmosphere
pressures. The reaction in methanol between the epoxy silane and the polyamine can go to

' The prepared reactant loading in the total
d thus may range from about 1-95%. More

3 : total weight of the mixture, or less.
H,N HoN NH,

e

H,N

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

10  where an epoxy silane is used, the adducts are formed by the creation of amine-
epoxy linkages, with a varying number of the amine-epoxy linkages depending on
the molar ratio, to



The resulting multifunctional amino silane produced can be applied, with or without further dilution with
organic solvent, as a solvent-borne coating onto metallic substrates. Typically, the multifunctional
silane will be at least partially hydrolyzed into silanol form. This partial hydrolysis can be achieved by
adding a small amount 250f water to the multifunctional silane-alcohol solvent mixture, or the water

may be preseBt igi]f're.reacﬁ%n mixture initjally. For a silane-solvent 50|:50 miXtHfﬁ %y we;%gt, itis

preferreop SAt &AhoUt 2 105 paﬁtsS t%? V(\jlglsg torwater Should B%Sbjrlﬁggn I1‘%‘)rr]ee'\5rt-%(r)y 82?{5 y weight of

the polyafaiflectidhusaeriny tnadinlprisfenisalaityhetrirsitbedieredoerded ierlvystiohaable
po:yafft‘in&réﬂ@@%%Eh%"’aﬂ@fx%gl‘ﬂﬁg@ﬁWﬂ!@%fﬂw@ﬁé%ﬁéﬁﬁﬂ@ﬁﬁﬂlﬁéﬁIBWU%Z‘“JG{ otrr?anic
solvent emissions are undesirable, the multifunctional polyamine-silane may be converted into the
o IR T O L KD TR TR AIRHD S A ITE et £88hime, pom
less Shanf@B0R isclutiigdiudispesittednd avetid mtalaaomasimiedcichbriisian byatastingdiition,
conversi@kggﬁgm_@%@m%@ﬁe&m&% which are free of chromium, and which also exhibit

excellent characteristics as paint primers. The coatings are useful on aluminum, but also on aluminum

alloys and otheriaeANRTINR RN IRRMadEYSERPTRBRAIAT LHCBIRURE WaRHRAPRERI&SEbalt,
nickel, titaaitendispérsitda wipsoizyanhe, madtalliogsl thitteah orgahheacididogHamatiions may be
conventi y int |loi 1ons f (cati [ [ther or
organic ;%)r%\?/éle'ntﬁ%{ags?‘é@%ﬂtgé rr?&%@%&ﬁg%%%s8?%@%%%?%‘@%” %eg@}%%gﬂé?égg@? application
thetéof td\taetdRecepabingesolulienkisines Ria7greo s awisle fuce a3 raP®dding in the 10coating
formulatignoh &hindreeaHam sviRGapREIIsecIA IR ABE PUIpA SRNYHAB3A HumIeEients, and (4)

thermal curjng. The coating of this invention,may be thin clear, being.aboyt a tenth micron in
ks N T T L R e S i e AP TR AR aonoicia sonetion.
The coatamnficoypriamyperisitianoahndipaingniing Sydnedyraisinstablihedf paricutiipihe coatings.
Chrome goaiids e/ GIg Wt iFRePARHUTRNKS Bl proceuyaFe s iiaIRIRMRMAY Be optionally

added to improve the wetting of the materials of this invention on a metal surface. Anionic, cationic,

and PoniHR BYRIEAIhERBRPIH NRREREGYRE LT RRRY FHRE RIS RIFHEIRBIET typically
200.05-2 weighfTherceatioftberidial goblivdrtoveigtd! subshiates savlvas surfiantantardeatiqyisally

o the o R o e o e o Mobhodic and.

anodic inPiBRBES Blt0RAIRCFPIAB! el RYAD initahslighbclkafinerasarin A stedbla. [Sehe above
disclosurgigra e ¢xandntesing by aipeifieg dior dNHRITy pueseramy antsangeitended to
M ghe SeaRR HomeUbREATh R SBPUERIR LRI S SHAddbS S S PR
120°C, with higher temperatures accelerating the cross-linking process of the
coating.
The reaction conditions for making polyamine-epoxy silane adducts of
ingredient (b) are generally quite mild. For the epoxy silanes the conditions of
25 making adducts may often be simply a period of reaction of 24 to 48 hours at about
22°C, or a period of about 3 hours at 70°C, the reaction being typically performed in
alcohol solvent. The reaction yield is high, usually exceeding 90% of the amine
present.
Resulting coatings containing ingredient (b) can be thin and clear, being
30 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 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
35 ingredients (a) and/or (b) comprise 3-glycidoxypropyltrimethoxysilane:

10



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 5sodium silicate 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 af 3- glycidoxypropyltrimethoxysilane. the pH of the mixture being
N T e e S AT e e T S e n
water wag! Yoy yipiRRy imetavtdiionfrilgioat a rate of 10 ml per minute, with the reaction flask

containing 31 mhofpwrinewith sEHicient ATy e daatetRENMIica SL AR W kdhe water

lution bei t d itation. lly, 64 weight | t of the silicic acid; 5 weight
percent dFRERABLIRAL A6BUC L A RR R osUT A 1 S B 2 PR RS8R of
sodibm Hﬁdﬁﬁ%ﬂbm@wnmbmdfia,ﬂy@iﬁaﬂk.éﬁwhﬁﬂ.vaw Wﬁ@glyﬁmgwnmethoxysilame
was 4.3/ ]alc-,r&?o@%‘tlg'ﬂ@esé’lwoildél%@?ﬁﬁe%?'l?ﬂ%hﬁ%’é‘&’,”o‘g%ﬁ’ﬂ Fag e Yl Baticles Ry about

10-20 nanometers (nm) diameter, the particles comprising a bonded network of 5102 units and
organosifRREliGRYInelanples ethangh pagieuladnwhepLgiRg 8rvialehiRasrshyRikRehoxysilane

was addediigibr) gm. of water containing 0.15 gm. of acetic acid. The solution was kept in an ice bath

to keep the sila t 5 . il I lon i 1 was
prepared, contapiﬁ?r_éigS gég%fﬁ%ﬁ%éﬁ%ﬁgﬁa%ﬁ%{ﬁén%eégo%?gﬁw%;%ézﬁdéﬁdgt%gt e?gﬁﬁliioacid
soltiflon, 28Q TixEiohRsrrGRE atwieserRMDRIYV8 Yecasiar epstiandtesliass Hiatkriedd reaction flask
containings QefiGmthal 22 &Y nstisans Isasl b SbRishowireRAl BHess irexeRavida bl Bmiraries, heated

and ami BB ERE GRS AN, DU eEah S 0B el 1 Ao A g U particle
size of alkdging.5 reactmn deesalitital baryaasiamptiesiyie seantbring (ELERCtiERample 3: An
experimeghaia e e FRAUBAYPHEEPERAESk @éfilﬂ#ﬁ}%l‘&oﬁ&?tﬂ[ﬁ%&ﬁi%\%?iﬁ%%i’?@é.‘&%}‘ﬁ”a”e into
5_.0 m. of water corgtalnlrég 0.15 gm of acetic acid. The solution was kept in‘an ice bath, to keep the
silahe stdBig at 200°F and’5 atmosphere pressures.
The reaction in methanol between the epoxy silane and the polyamine can go
to completion with greater than 90% yield in 3 hours.
The prepared reactant loading in the total solvent-reactant mixture is generally
not critical, and thus may range from about 1-95%. More preferred reactants are on
20 the order of 70% of the total weight of the mixture, or less.
The resulting multifunctional amino silane produced can be applied, with or
without further dilution with organic solvent, as a solvent-borne coating onto metallic
substrates. Typically, the multifunctional silane will be at least partially hydrolyzed
into silanol form. This partial hydrolysis can be achieved by adding a small amount
25 of water to the multifunctional silane-alcohol solvent mixture, or the water may be
present in the 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
30 water, which may be required in certain situations where high volatile, organic
solvent 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.

11



5Separately, 25.6 gm. of silicic acid solution was generated, in a manner similar to Example 1, with the
solution containing 0.085 wt. percent 5i02. 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 10flask containing 0.4 gm. of 50 wt. percent sodium hydroxide solution, mixed
with 68.6 gm. o ater atﬂz]x tem\Per ture of 809C. The Cttor X lkali condensation of thﬁ %}I]ane and

¥ ention. conversion coa lymindm arerg)rowd
silicic acid took p acé r ng IN'composite particles of Sifics and silane Havi g a particle '$e of

about 5. af@rfre@swmrmmw PO mIBCiERIse sishibitisipalenbebaiprictiaties astRgithesis of

vinyl- dODSHrﬁQF@'dﬁhé'% B%t@&?dﬁﬁﬁsﬁigﬁﬁﬁumhﬁtﬁ H]§0VHW hﬂ!ﬁﬁﬁﬁrﬁrﬁll@@@f‘?domy onan
outside portion of the colloid, but the an(r)ﬁartlcles are made in situ, without the addition of preformed

silica nartiPSHRRE (RS SR BRI i 1Ge SORREN SHETO NI A H UMAR - LBANA0RSR was prepared
in thé marotzlbfrioteeh pidiuwme @odybdantubeife B&2wple, cirsdlalioys Eteisfamount, 46.2 gm. of the

silicic acid SO'““F’I’i‘eV%%ﬁH&‘FQrFHlﬂJﬁ&%' %&E%ﬁ\%hﬂ%%ﬂg’férﬁmlé%%éc?ﬁ% dsifGiaay sodium

hydroxide solution in 40.0 gm, of water, at a temperature of 909C. The silicic acid solutlon was added

to the hoPSBIiRBA mr@eqmmawmg%ﬁ BB ae5. BIREHE AIFaRIGTRIVE R RREE &1 hours,
resulting mdh@e@me%prsmfabhegsmc@ppmlgnttﬁﬁﬁmmnlampl@eésatdeamneaitmﬁlsdmbolIoidal

solution. t | ve. O als aC|d
solution, tto Wéléhgvflc'gs § %%n&?i%'r'ﬁa 0 vft'n% rlmé)tf?fi %{%@%@J{? m P% g eéc(?%[gi:l féll{nd %3 3 gm. of
wafed, w&@amaoawk%u@rbpmlﬁu@éemﬁmn@wmemoe@ﬂt@as@b{mmuztbﬁr 30The resulting
colloidal §@M@ﬂ,@@@pﬁ§%ﬁm§rah@smqﬁgﬁlrmew% having a particle diameter of about 25 nm. as
obtained by transmissio elecft n mlcro h The | ort| ilhg artjc ised
cubstantially purd BB RS SHRbLLEr St 5 DL RBE e P A st ticm anc
organosilaieroBxartipkness mimewmpmte@uomm@*eéw@aaﬂmwm\imm a bade Btothlch silicic acid
and an OKHIAASHANS EBIIRANIGHNRH. ShHE HRTTE o) SR ARARPMBAYiElosaving a size

of about 20 nm. were added to 250 gm. of water con a|n|n ’g m. of 50% sodlum hydroxide
soltiflon H'BE(RER '8 pf W@(@é’ssaéfaéeémi%’ﬁ)ﬁﬂaé'”Héelcéﬁ&mﬁr%? {Res-dgerisie Hitohgly, added
water may &laddetliral luS§eparately, 15 gm. of 3- gIyudoxypropyltnmethoxysnane was added to

freshly made sil F]&fg@éi é&ﬁr&téo%%% eliﬁ%glreo%?gﬂg)%f ggg)é i }gvbemg quéﬁﬂg and a pH

of about 3.5. 10 eactlo eate agltatlon while“the silicic
acid-orgdR8EAE %ﬁh"ti%ﬂf‘\)()%@t'ﬁﬂ\ﬁ@ ﬁdﬂ@@%ﬁﬁcﬁerrﬁﬂ'%'&béﬁﬂw rﬂﬂﬁ@on'orﬂ‘he resulting

product, eorsiaing a5eldiciigédiicaanenssheiry hﬁﬁt@g@ﬂmut%ﬁ@@ﬁﬁgt@‘rﬁw@ﬂm@l@dlfled_ silica,
;Vr";% ;?%fﬁg"“g R PR i BRSSP NS SREN ARG R P (B8 RiE Ralfaded g resulting
are typically preferred. Defoamers may also be added, typically at a weight percent
of about 0.1-3 percent, based on the total solution weight.
Corrosion inhibitors may also be added, including both cathodic and anodic
inhibitors, optionally in the amount of 0.1-5 weight percent of the solids present.
25 The above disclosure and the examples below are offered for illustrative
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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15silica solution was collected, and formed a stable solution at a pH of less than 3.7. Example 6:

The organosilane-modified colloidal silicas made as specified in Examples 1 and/or 2 above were
mixed with the trisilane material identified as TG13 (and 20TG13R) 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 experiymental run. The mixture of the organosilane
modified silica colloidal solution and TG13 waagmmid@-?nﬂn agueous solution, with a total concentration
of 1 weight percent solids and a pH of 5, adjusted with acetic acid. 25Aluminum panels were cleaned

with Nalco Globfit&ili#iq it SHE0B MRS, RIRIVEREEXRASSIFEIR RRIVHRHATZR Haee Ghe aluminum
alloy wasstirapksstentaB Ry glioydsiaii2dd water The aigeaedl@nmiumaipangBovess dip-coated
into the 19 lids: solut) scribed a ' he. ific experments.illystrated in Table
1,30 an%%%é%&?ﬁn%@gg%@& %)rs '{d‘s ra‘%\éj é%.S%h §L¢}aer§\}ﬁﬁ§ﬁ é‘r%sﬁoscqs%%t@r? wlflite paint was
thenqapphedibiestieate seutifomiHaWpeh&esiase ol IEh e 48 Sttt RfRIEGhRMNBESRF 20-30 microns
of the pakfidayatidR@riopanbR$ sLspd @t 3309F for 20 minutes. The panels were scribed with
scratches three jnches #on using,a sharp point toa %85? bare metal in the scribe line. The respective
aluminum panel D tve (?a"‘l%%%é“ e?ﬁ@éﬁﬂ@ Wéred é kﬁé%?aﬁ? 1 1,000 hour salt spray, and the
amount cfliptistexiyir apyl topeetinoxys e @aline gibingf the soibier érzeingsnastalsdd st iggsithants A-C

below in iqﬁ}gL}EHg@EqHénﬁiﬂHB&epoxy silane (epoxysilica) nanopatrticles prepared in Example 1.
Experiments D-E utilized the silica- aminosilane (aminagsilica) nanoparticles of Example 2. Experiments

G, ) and 1 utilizB¥S BREUS G SHAGARLANA SrgRT o3 IRB & oW Gl siilte A dIiRRGd fato a
nanopartielgstidméaskiabh T&édia thmhpedtified sidicaitianiop acidtsr(basketgmiamidd Sipraissed in
of e 0 e T R R R B B e e the

painted a3QHliRMPBHIENRRICE aad dndecRgiialira- 1 aPssifitalyo fTaveigilipeiaeieoh didparticles, and
heat curegjigfcsnacii®dBIgtpisEaf@mplte orgdn@sranenaboia 3B Wkt pasitachpanel without any

paintpriming, so that the pai as laid upon the bare allo . . The results show that riments
Gl RIS SRR SR L MR G PP, S ARG Tl it sirca
nanopartihessrovito 20iGikte dedl yeitaiieidif restiox wshimpaedstB/the pretreatment of pure
TG13, and greath dppsonash'sskitoRVS = rBRNS IMREIESBBIFNE SHs diieg boRhiBled to the
aluminum all%{ without an intervening I%retreat ent(J%yer. 5 , ..

particles of about 10-20 nanometers (r?m) lameter, 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 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

25 was added to the 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 wt. percent
sodium hydroxide solution, mixed with 68.6 gm. of water, heated to 80°C.

The resulting colloidal solution was clear, comprising nanopatrticles of a
network of SiO, units and aminoalkylsilane units, covalently bonded together in

30 siloxane linkages, and having a particle size of about 5.5 nm., as determined by
quasi-elastic light scattering (QELS).
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Table 1 Experiment Composition TG13/Silica Ratio (by. wt.) 1000 Hr. Salt Spray- blister width (mm)
A TG13 + epoxysilicalto1l 1

10

15

20

25

30

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.

Separately, 25.6 gm. of silicic acid solution was generated, in a manner
similar to 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
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 silane
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 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 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 ml to 0.8 ml per
minute over a period of two hours, resulting in the condensation of the silicic acid into
nanoparticles that remained in a silica colloidal solution.

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 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.
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B TG13 + epoxysilica2to 1 0.5 C TG13 + epoxysilicalto2 1.5 D TG13 + aminosilicalto10.5

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

5 2.2 gm. of 50% sodium hydroxide 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.

10 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

15  silica solution was collected, and formed a stable solution at a pH of less than 3.7.

Example 6:

The organosilane-modified colloidal silicas made as specified in Examples 1
and/or 2 above were mixed with the trisilane material identified as TG13 (and

20 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.

25 Aluminum panels were cleaned with Nalco Globrite 45 IL alkaline cleaner, and
rinsed thoroughly with deionized water. The aluminum alloy was the copper-
containing alloy 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,

30 anddried 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 paint was cured at 350°F for 20 minutes.
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E TG13 + aminosilica2to 1 0.5 F TG13 +aminosilicalto20 G TG13 + epoxy-aminosilica 1 to 1
mix 1to 1 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

10 expressed in each case in Table 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 specified in

15  this Example.

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

The results show that experiments A-1, utilizing pretreatment of aluminum with
the combination of TG13 and organosilane-modified silica nanoparticles, provide

20 improved paint adhesion results, compared with the pretreatment of pure TG13, and
greatly improved results over the panel where the paint was directly applied to the

aluminum alloy without an intervening pretreatment layer.

25
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H TG13 + epoxy-aminosilicalto 1 mix2to 1 0 | TG13 + epoxy-aminosilicalto1 mix1t020.5 J
pure TG13 1% 2

Table 1
1000 Hr.
Experiment Composition TG13/Silica | Salt Spray-
Ratio blister width
(by. wt.) (mm)
A TG13 + epoxysilica 1t01 1
B TG13 + epoxysilica 2to 1 0.5
C TG13 + epoxysilica 1t02 1.5
D TG13 + aminosilica 1to1 0.5
E TG13 + aminosilica 21to 1 0.5
F TG13 + aminosilica 1102 0
G TG13 + epoxy-aminosilica 1 to 1 mix 1to 1 0.5
H TG13 + epoxy-aminosilica 1 to 1 mix 2to1 0
| TG13 + epoxy-aminosilica 1 to 1 mix 1to2 0.5
J pure TG13 1% 2
K Blank 5
5
Example 7:

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

produced a film
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KBlank 5 Example 7: An aqueous coating composition containing 5 Wt. percent of TG 14
(U.S. Pat. 6,867,318) and 0.5 wt. percent epoxysilane-modified silica of Example 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 B1) produced in a comparable manner, which had a pencil hardness test result of 4H. Both
films wergipaked f0Reaslspires BHeN bpahtitesrdhestsapsactbatenassiimaliss-arasion
resistance imparted by the modified silica. CLAIMS WHAT IS CLAIMED 1S: 1.The method of
preparingipanops! e sBerresnnstaedidiethsdieanipa s athap@ e hER) AysEatirzing an
alkali silicate under acid conditions to obtain a silicic acid dispersion; (b) adding an organosilane

having hygienasneder fagineyzableRsovaRis Wistslisarssien 2pdelcapisbsdndivions taifumesa silicic
acid-organosilane dispersion, wherein silica seed particles of an average size of 2 to 200nm are added

to the siliTiscl PresbosdanasiRn dinpResiabrasion resiSidinsingpzetetl 9 the eisierisioritieat least
eight to cause condensation of the organosilane and silicic acid to form nanoparticles comprising an

aggmegate of silica and said organosilane. 2.The method of claim 1 in which said silicic acid dispersion
comprises
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15silicic acid molecules having an average of no more than about ten silicon atoms per silicic acid
molecule, prior to raising the pH. 3.The method of claim 1 in which said organosilane comprises a
material of the formula (R).S,(R1)b, 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 20unsaturated
carbon-carbon linkage; R1 is a hydrolyzable grcgijqgg alkyl group, at least two of said R1 groups
being hydrolyzable groups; ais 1 or 2; and b is , the total of a and b being 4. 4. The method of
claim 1 in whichWHgBﬂéﬁééiMﬁQ&%prises a material of the formula (R1)Si- R3-Si(R1) (R2)d(R2)d
in which R', is a hydrolyzelne tirod f iR Zeisaaingbhgdopeatiotesrafliarala ik aadimaldifiedrgiiog, radical, ¢
is 2 or 3; il dsSHRhda W%a:relating to each silicon atom totaling 3. 5.The method of claim 4 in

which R3 has a reactive group comprising.at least one of: (1) nifrogen, (2) oxygen, (3) sulfyr, and (4) at
asbone unsat At LANORC: 2O TR S 5B A OB e S e B Hparicies
formed hdigparsiaverage size of no more than one micron. 7.The dispersion of nanoparticles made by

the process of cigjdding an%ryBAdERAMRCHRRARIRYHIBY NigiIBe RjarIPsiBREGrONRSISE TR

alllrialkeyslang, unad S8 MSHHRLAL SoMmA 1 SRR ARG ARRediate Sopiseha
glycidoxytrialkoxysilane.

wherein silica seed particles of an average size of 2 to 200nm are added to the silicic
10  acid-organosilane dispersion; and

(c) raising the pH of the dispersion to at least eight to cause condensation of
the organosilane and silicic acid to form nanoparticles comprising an aggregate of
silica and said organosilane.

2. The method of claim 1 in which said silicic acid dispersion comprises

15  silicic acid molecules having an average of no more than about ten silicon atoms per
silicic acid molecule, prior to raising the pH.

3. The method of claim 1 in which said organosilane comprises a material
of the formula (R)aSi(R")s, 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

20 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 b is 2 or 3, the

total of a and b being 4.
4. The method of claim 1 in which said organosilane comprises a material

(R)Si— R3—?1(R1)c
|

(R} R Y
of the formula in which R" is a hydrolyzable group; R"is a
25  hydrocarbon radical; R® is a divalent organic radical, ¢ is 2 or 3; d is 0 or 1, the ¢ and

d relating to each silicon atom totaling 3.

5. The method of claim 4 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.

30 6. The method of claim 1 in which the nanoparticles formed have an
average size of no more than one micron.
7. The dispersion of nanoparticles made by the process of claim 1.
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510.The method of claim 1 in which the organosilane comprises an aminoalkyltrialkoxysilane. 11.
The method of claim 1 in which said alkali silicate is hydrolyzed by cationic exchange resulting in silicic
acid at an acid pH. 12. The method of claim 1 in which the nanoparticles formed have an
10average size of 5 -150nm. 13. The method of claim 1 in which the pH of the dispersion is raised

toatleastten. g The method of claim 1 in which the organosilane comprises an

allyltrialkoxysilane.

9. The method of claim 1 in which the organosilane comprises a
glycidoxytrialkoxysilane.
5 10.  The method of claim 1 in which the organosilane comprises an

aminoalkyltrialkoxysilane.
11.  The method of claim 1 in which said alkali silicate is hydrolyzed by
cationic exchange resulting in silicic acid at an acid pH.
12.  The method of claim 1 in which the nanopatrticles formed have an
10 average size of 5 -150nm.
13.  The method of claim 1 in which the pH of the dispersion is raised to at
least ten.
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