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COLLA DAL COVPOSI TI ONS AND METHODS OF PREPARI NG SAME FI ELD OF THE | NVENTI ON
The present invention generally relates to colloidal conpositions and

met hods 5 of producing sane. More specifically, the present invention
relates to colloidal silicas, such as silicas that have a netal dispersed
therein over a wide range of nmetal content and that can be dispersed in a
control | ed manner. BACKGROUND OF THE | NVENTI ON The preparation and use of
colloidal materials, such as colloidal silica, are 10 generally known. For
exanple, colloidal silica wth a netal -coated surface is generally known
and used. Typically, the silica colloid is first synthesized. The <colloid
is then coated with a netal oxide. During this procedure, both negatively
and positively i j properties
of the metallic %@ﬁ%gﬁﬁﬁg%ﬁgﬁgﬁﬁg ]ﬁ% Pﬁ%ﬁgggﬁgﬁﬁqﬁ%?ﬁgﬁag§é . Meta
containing silica colloids are ofHE INVANTION | t ude of applications,
such as chem cal nechanical po M Ng agents 1 the electronics industry,
special ty coating aROlbeatih@Rfon FkafSreRtRROESII0MRT SipRbiBiorsiind GRiHBEYL I C
processes. Despite this versatility, conventional -type silica colloids have
several di Sadehprodusang same.aMoperspecifisally, teprasgnsiinvantion relates 9 abiaide! siieas: t he
surface of theyGoklsicslahatHhld £RctalPflspRRE heref ovENEWRERMRE ofdaf YRRAPT NEtal
conponent to be added to the silica particle is effectively limted to the
surface area andthatigen hedisnepedins contiolled mgmsr.particle. Mreover, conventiona
surface-treated silica sols are unstable at neutral pH, i.e., pH 6-8. As is
apparent with alum nosili cagLCcREGERCUNI OF THE EXVRRNITeEpNal um num speci es
unbound or weakly bound to e colTordal parfrcle surface typically

hydr ol yze under 25Tl'ﬂ:eptkl ]Baazltioﬁl'dnf&@@ﬁbf tadslal iﬁlbieﬁalga;ﬂcﬁ es tdlfoidan silﬁi:d, hger
precipitation or coagul atign of the article cpatin terial, This is
barti cul arlly SPSEERRIETE. 1 5Pt ErEnnly, celenli S Kilhe Fital Seeledh Biagsding
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stable at neutral  pH A need. therefor, ists for ipprov col | oi da
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suitabl e characteristics. need. correspondingly exists for an.
starting materna ancfA\ the coating methodpuseéj. lagtalycontammg leca colloids are

15  useful in a multitude of applications, such as chemical mechanical polishing agents in
the electronics industry, specialty coating applications, and as support materials in
catalytic processes. Despite this versatility, conventional-type silica colloids have
several disadvantages. °

As the metal is typically introduced onto the surface of the colloidal silica

20  particle, the amount and type of metal component to be added to the silica particle is
effectively limited to the surface area and surface morphology of the particle.
Moreover, conventional surface-treated silica sols are unstable at neutral pH, i.e., pH
6-8. As is apparent with aluminosilicate colloids, for example, aluminum species
unbound or weakly bound to the colloidal particle surface typically hydrolyze under

25  neutral pH conditions. This can result in either precipitation or coagulation of the
particle coating material. This is particularly problematic for the electronics industry
as the demand continues to rise for chemical mechanical polishing slurries that are
stable at neutral pH.

A need therefore exists for improved colloidal compositions, such as silica-

30  based colloids, that have greater metal loads that have enhanced stability over a greater



efficient and cost-effective nmethod of produci ng such conpositions. SUMWARY
OF THE | NVENTI ON The present invention generally relates to coll oi dal
conpositions and nmethods 5 of producing sane. In particular, the present
invention relates to colloidal conpositions that include a silicate with a
metal dispersed within the silicate and at varying netal |oadings that can
range from as high as about 35 wt % based on silica. The coll oi dal
conpositions can further include a stabilizer, such as a quaternary
conpound, that can facilitate the dispersion and | oading of the nmetal within
the 10 silicate. In this regard, the prgsent invention provides a novel and
uni que alternative to conventional surface-treated silica colloids. The
col | oi da:c Cobnpml iriniﬁé)Bﬁd/(lﬁrot}teheulﬁbbiﬁﬂ’écterisﬁwsem inewd db&ﬁspbﬁdiﬂ@jﬂiexiistﬁ f@rrh?]ﬁ sui tgbl e
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various enbodi nents of the present |nvent| on. According to the first :
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conpound, prefer B quat ernary nary
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I+ component to ¢ b b8 8 e b ot AIRs ool dn ARG UERIRB]
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in general, synthesized according to two procedures as further detailed below pursuant

15  to various embodiments of the present invention.

According to the first synthesis procedure, a method of producing a silica
colloid includes providing an alkaline solution having a stabilizing component, adding
a silicic acid solution to the alkaline solution, and forming a colloid of silica particles
wherein the stabilizing component is dispersed throughout each particle. Further, a

20  cationic metal component can be added to the stabilizer-containing alkaline solution in
an embodiment. Addition of the silicic acid solution to the alkaline solution thus forms
a colloid of silica particles having both the stabilizing component and the metal
component dispersed within one or more of the silicate particles, such as in a
homogenous manner.

25 In an embodiment, the stabilizer is a quatermary compound, preferably a
quaternary amine, such as a quaternary ammonium hydroxide and the like. The
stabilizer performs several functions in the synthesis of the colloidal silica. For
example, the stabilizer provides the OH™ component to the alkaline solution, which
catalyzes the reaction between the silicic acid and metal component to form the

30 colloid. The stabilizer also enables more of the metal component to bond or
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resultant silica colloid denonstrates the capability to carry increased
anmopunts of netal. The colloid can have a netal content from about .0001wt %
to about 35wt % based on silica. The colloidal particles are anorphous and
spherical in shape. In addition, the 5 colloidal conposition can be further
processed to produce a crystalline structure as described in greater detail
bel ow. The dianeter of the colloidal particles is in the range of about 2
nmto about 1000 nm according to an enbodi nent. According to the second
synt hesi s procedure, a nethod of preparing a netal- containing silica
colloid is provided wherein a silicic adid solution is reacted with a 10
cationic netal conponent to forma netal silicate solution. The netal
silicate sol utchemicily combine quithnth¢ yilicedepabonent dyring| fkematine of diesollaid Toe f or m a
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substanti a I avin ener a 'IC erica ape and
size in the ramgté)scqﬁ:exft}yoaddet.??oo ab@dkahﬁ mhttoo tatfoum alﬁﬁloldnnﬁ mctabsldicatrg to an
enbodi ment. With th Se nt hesi r Qe he | oc tlon of nmet al
conponent wi t BFRCIY heeac tge él}gnfgflms%létposnl lﬁlcﬁe s aF 010 035?1% et ért egt ively
control | ed. Thiicarehwnomerd uhetatsesubseqﬂeutﬂy pcnyraemied lae tl&l rlnetall gliae szbhmohustl on can
be sel ectivel Y c?ﬂdteghtokglbn% 0l| I%allli ut oq Q. a colloid of silica
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and the sili C|l§; (?m d solution are added effectively controls the |ocation
of the netal

The polymerization of the metal-silicate and the utilization of a polyvalent

cationic metal component in formation of the colloid yields a metal silicate colloids
having metal content in the range of about .0001% to as high as 2% by weight silica
20  according to an embodiment. The lattice metal-silicate structure throughout the entire
solid phase also improves the stability of the colloid. The metal silicate colloid of the
present invention remains soluble throughout the entire pH range, i.e., pH 1-14. The
solid phase of the metal silicate colloid of the present invention is substantially
amorphous having a generally spherical particle shape and size in the range of from

25  about 2 nm to about 1000 nm according to an embodiment. .
With the second synthesis procedure, the location of a metal component within
the metal-containing silica colloid can be effectively controlled. The metal silicate
solution and the silicic acid solution can be selectively added to the alkaline solution to
form a colloid of silica particles containing metal that is dispersed within one or more
30 of the particles. The sequence and duration in which the metal silicate solution and

the silicic acid solution are added effectively controls the location of the metal within



the solid phase of the colloid. For exanple, the netal silicate solution can
be added to the alkaline solution before the silicic acid solution to form
a colloid of silica particles having netal dispersed within an interior
core layer of each particle. Alternatively, the silicic acid solution can
be added to the al kaline solution before the netal silicate 5 solution to
forma colloid of silica particles having a silica core and netal dispersed
within an outer or exterior |ayer of each particle. Mreover, the netal
silicate solution and the silicic acid solution can be added to the

al kaline solution in an alternating marher to forma colloid of silica
particles having a nunber of |ayers, wherein the |ayers alternate between
met al cont ai nithgsolidpkase ofithel collwide rFor complsi the mgtabsiligatesiofutiomcanpeaddetifo r epeat or

successi ve man ;{1 1}(93515&&0% bRk thé Bh ae dg%%ﬁf& formtdrlg]lcga GRSl plaHﬂ\éEptl on

provides a coI osition. . osition includes a
silicate dopedmvwz metal ﬁatewled withig am ingdriabédré laper OGea’;bem;eld Mterhitrvelyhtbe si | i cat e.

In_an enbodi Mafic Je.iddsoah be4RRRChS MdTRRALIDE bUIRSHERA sRpt 96 or

|l ess 15 of neta on sili e stabi I Zef includes
a quaternary csohpqrutwdfonn Breolgid efmbd: m;n:ﬂe,s having gquidiceroranyd metahdispeded s a
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to an anount met a n anot esent I nvention
provi des a colandititadilicé héid abletioncampssiddédote tho plalingi sohutian mearahltenﬂueg col | oi dal

silicate compqgjtl 4. f%nﬁxPL‘éQﬁosid 8P8119arpartﬂ?ers%ﬁ§héa%%%%rpc?tf %MJ Wh r‘éﬂ%f' n the

netal is dlsperse I n one I'ir'ca reich
embodi ment , t Heyerseltainate detdiespmetgleadniaining laysrstand l4yews coetainmg onRSilica ian

enbodi msntIO or}gpegtroﬁg‘pcagssgg{ntag?ﬁa licate particles includes a |ayered

structure. e netal is controllably dispersed within one
or nore partl cle anms sndf int dneerhlzdanent] thd presdntiireention pvidesbodolivadat , - t he

metal includes an Ld)e g‘?{oadal’com osatlolﬁanlnc]urzi? ae %fi(ia nc{m cha w1’t amet§loan]d t row

transition net a?‘pos oé‘d ransi and combi nati ons
t her eof . a stabilizer dlspersed within the silicate.

In an embodiment, the silicate doped with metal includes about 35 wt % or less

15  of metal based on silica.

In an embodiment, the stabilizer includes a quaternary compound.

In an embodiment, the quaternary compound is a quaternary amine.

In an embodiment, an amount of the stabilizer correlates to an amount of the
metal.

20 In another embodiment, the present invention provides a colloidal silicate
composition doped with a metal. The colloidal silicate composition includes one or
more silicate particles wherein the metal is dispersed within one or more of the silicate
particles.

In an embodiment, the metal is dispersed in a controlled manner.
¢ 25 In an embodiment, one or more of the silicate particles includes a layered
structure.
In an embodiment, the metal is controllably dispersed within one or more
particle layers of the layered structure.
In an embodiment, the metal includes an alkali metal, an alkaline earth metal, a
30 1® row transition metal, a 2" row transition metal, a lanthanide, and combinations

thereof.



5 In an enbodinent, the netal is about 2 wt %or |ess based on silica. In
yet anot her enbodi nent, the present invention provides a nethod of form ng

a col |l oidal conposition. The nmethod includes preparing a heel solution
including a stabilizer; preparing a silicic acid solution; and m xi ng and
further processing the heel 5 solution and the silicic acid sol ution to
formthe colloidal conposition. In an enbodinent, a netal is added to the
heel solution. In an enbodi ment, the colloidal conposition includes the
stabilizer and a silicate doped with the nmetal such that the stabilizer and
the netal are dispersed within one or Aore particles of the silicate. 10 In
an enbodi ment, the nmetal includes about 35 wt %or |ess based on silica. In
an enbodi ment, thdneopmbidimentdbpypesaliis sbont 2 wt % gr lessdrsedopsidissed to form a

crystalline structy Bt anb et BRRAL BB Blesent Henfoh bi31ideds FORRATESHAR | S

further processed by heating. nbodi ment, a netal is addedto the
heel sol uti onapgeliadal cempgsifion aITIhP mmémclud%prmnaa adwploglutiem including acol | oi dal

composi t1on | RabikfRSrdeffPl Lilife adidls ,oﬁf@g%mngsnd ﬁxnﬁeempgsin Ffnekincl udes a

quat ernary am ne yet another e resefit i nvention
provi des aSmestgipnehd the sitipic ngd at>1lé®mlt<bfodthe§plﬂq1dﬁéP@nR9@lﬁp'®5| tion. The nethod

i ncl udes preparlnqngngh&kﬁh&n g% 15%@ §$bg%4w§s&@g&i silicate solution and

an al kaline solution; mxing a _ processing the silicic acid
sol ution and the rataal embadimest, ethe splicidabsompashion Hacledek Ahd sebilizeoland jaon; and

form ng one OEmEQi’é;]&Réd lvltl‘?r&%%MEJch?ﬂat?ﬁgg@PF%r%&tﬂe ﬁlemaz;r?lj]s %B%Jitﬂint he met al

is dispersed wt one or nore o Icate particle n an
enmbodi ment , t hee oretoad partislegiof hesitiedte.in a controlled manner. 25 In an

embod! renty the Siihlufigm %ﬁ%érﬂetmﬁcﬂjdeé&Sht%%"/aplqgﬁgbgse%n%@ar less of

the netal based on 5| nment he metal 1 ncludes an al kal i
metal , an al kal i ndn@arembor}meal, thegcollgidal qompositiaanis i fuithen prasesa¢d toafofmd r ow
tran3|t|on nE&ﬁé?Hﬁﬁkﬁgﬁ anide and conbi nations thereof. 30 In a further

enbodi nent, controlling a location of a netal within a
In an embodiment, the colloidal composition is further processed by heating.

In an embodiment, a metal is added to the heel solution prior to crystallization.
15 In an embodiment, the colloidal composition includes a zeolite.

In an embodiment, the stabilizer includes a quaternary amine.

In still yet another embodiment, the present invention provides a method of
forming a colloidal silicate composition. The method includes preparing a silicic acid
solution, a metal silicate solution and an alkaline solution; mixing and further

20  processing the silicic acid solution and the metal silicate solution with the alkaline
solution; and
forming one or more silicate particles doped with a metal wherein the metal is
dispersed within one or more of the silicate particles.

In an embodiment, the metal is dispersed in a controlled manner.

25 In an embodiment, the silica doped with metal includes about 2 wt % or less of
the metal based on silica.

In an embodiment, the metal includes an alkali metal, an alkaline earth metal, a
1® row transition metal, a 2™ row transition metal, a lanthanide, and combinations
thereof.

30 In a further embodiment, a method of controlling a location of a metal within a

metal-containing silica colloid is provided. The method includes preparing a silicic



metal -containing silica colloid is provided. The nethod includes preparing a
silicic 6 acid solution, a netal silicate solution and an al kali ne
solution; and selectively adding the netal silicate solution and the
silicic acid solution to the alkaline solution to forma <colloid of silica
particles containing the netal. In an enbodi nent, the nethod further
conprises adding the netal silicate 5 solution before the silicic acid
solution and formng the colloid of silica particles having the netal

di spersed within an interior |ayer of one or nore of the silica particles.
In an enbodi ment, the nethod further coﬁbrises adding the silicic acid

sol ution before the nmetal silicate solution and for the coll oi d of

silica particlaid sofom aeta) stlipate plytion apd %‘Faé‘é?jswt’c"ﬁi ?P%éﬁ]eHUf’]éra dfisger of one
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in an al t er natPHYd Aksitirepartiflgs sontaingghe Mesalcol 1 oi d  of silica particles having

a netal - contai ni ngid gy embédifled, fh@ﬂndﬂﬂidafurtﬁé?%ﬁipﬂieggtdhlﬂ%%e mefd] aificsbodi nent
of the silica particles i nc| udes. a | ayered structure that has 15 the

non- net al  ContsaitHeBetPEy 8 stirsmsideteinion pAd forming the GRYIH 9 fgicr #pFles n a

repeat  mannerhayifgl e neRRish&sd Uk Bifin AR dnBbraARYea A onefort ke ITERERTIcd Nvent i on
are described in ~and will be apparent fromthe foll ow ng Detail ed

Descri ption ofP?fKEs-Presently Preferred Enbodi ments. 20 DETAI LED DESCRI PTI ON

OF THE PRESENTLY PRERFRREineMBY MeliS furliiee B ?ﬁ@@tadﬂﬁgﬁﬂé ispRicogumer al |y
relates to colloidal co ositions and nethods o preparing sanme. As used

herein, the tdphiionbaforsitep metalsiligatsesolutipy and fopming ithecoligidrry silica pritiglegial

"so)", andg hq.ablhgﬁ.ehﬁtaealsse@seawhmmb@\&qa@v%ﬁgbmgﬂeragthasmbaS;sa%o'fe%d phase 25
and a conti nuous phase. The colloids of the present invention have a solid

phase di spersed orhSHSﬁ@HﬂE@mﬁnﬁﬁ’E%mﬁlﬁﬁ@ﬁ§°@@“§%5@@@&ﬂ@%Fﬁ?lé@ﬁ¥qnuous

liquid phase, sofuff &Rlthe/sifidlc AGH SN HPhi dlieBRting Mbther sddGoifhgMhe eldid d”
enconpasses both phases whereas "col | oi dal partlcles or "particles" refers

to the di sper Séailigypagtsiss fayinpametalop@ingg dayps and ampy mepheonfsiniagdayer nvent i on
rel ates to col | oi dg at@MRAMhdnt, @R thelsiIRh particles includes a layered structure that has

15 the non-metal containing layer disposed on the metal containing layer in a repeat
manner.

Additional features and advantages of the present invention are described in

and will be apparent from the folléwing Detailed Description of the Presently

Preferred Embodiments.

20 DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENTS

The present invention generally relates to colloidal compositions and methods
of preparing same. As used herein, the term “colloid” and other like terms including
“colloidal”, “sol”, and the like refer to a two-phase system having a dispersed phase

25 and a continuous phase. The colloids of the present invention have a solid phase
dispersed or suspended in a continuous or substantially continuous liquid phase,
typically an aqueous solution. Thus, the term “colloid” encompasses both phases
whereas “colloidal particles” or “particles” refers to the dispersed or solid phase.

More specifically, the present invention relates to colloidal compositions that

30 include a silicate and that can be made in a readily and cost effective manner as

described below in greater detail. In general, the present invention provides two types



30 include a silicate and that can be nade in a readily and cost effective
manner as described belowin greater detail. In general, the present
invention provides two types 7 of synthesis procedures. In one synthesis
procedure, the present invention utilizes a heel solution that includes a
stabilizer, such as a quaternary conpound. The stabilizer can enhance the
col l oi dal synthesis in a nunber of ways, such as by stabilizing and better
enabling a nmetal to be dispersed within the silicate of the coll oi dal
conposition. 5 1t is believed that the stabilizer can al so enhance the
ability of the silicate to have higher 7netal |oading, such as about 35wt %
or |less based on silica. In another synthesis rocedure, silicic acid and a
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sane or different. NonlimTing exanples of quatemary amn sul table for
use as thdS5st abbilizipg compeopnide ferat 3 aehivichofl sibeaonrticheshyid rap embedigEAdIE) |
tetrapropylanggﬂ r d e Y, e
(TEAOH), " tetr a ut y{]gﬂﬁgﬁ{leuﬁ (ﬁ;ﬂ: Q)?) %mﬁp?gﬁda NBX]kﬁqwg%%@y{ga%ﬁP%m

suitable for use as the stablllzer include dipropylamine, trimethylamine, triethylmine,

tri-n-propylamine, diethanolamine, monoethanolamine, triethanolamine,
diisobutylamine, isopropylamine, diisopropylamine, dimethylamine,
20  ethylenediaminetetraacetic acid, pyridine, the like and combinations thereof.
Preferably, the stabilizing component is a quaternary amine that forms an alkaline
solution when dispersed in water, such as quaternary ammonium hydroxides. In
addition, it is further preferred that the quaternary amine includes a tetraalkyl
ammonium ion wherein each alkyl group has a carbon chain length of 1 to 10, the alkyl
25  groups being the same or different. Nonlimiting examples of quaternary amines
suitable for use as the stabilizer include tetramethylammonium hydroxide (TMAOH),
tetrapropylammonium  hydroxide (TPAOH), tetracthylammonium hydroxide
(TEAOH), / tetrabutylammonium  hydroxide (TBAOH), tetrahexylammonium
hydroxide, tetraoctylammonium hydroxide, tributylmethylammonium hydroxide,
30  triethylmethylammonium  hydroxide,  trimethylphenylammonium  hydroxide,

methyltripropylammonium  hydroxide, dodecyltrimethylammonium  hydroxide,



hydr oxi de, tetraoctyl anmoni um hydroxi de, tributyl nethyl amoni um hydr oxi de,
30 triethl methyl anmoni um hydr oxi de, trinmethyl phenyl ammoni um hydr oxi de,

met hyl tri propyl amroni um hydr oxi de, dodecyl tri met hyl ammoni um hydr oxi de, 8
hexadecyl t ri met hyl anmoni um hydr oxi de, di net hyl dodecyl et hyl anmoni um

hydr oxi de, di et hyl di net hyl anmoni um hydr oxi de, the |ike and conbi nations
thereof. Also, the bromde and chloride fornms of the above nentioned

anmoni um salts can be used by passing through a hydroxi de (anion)-exchange
colum to produce the al kylamonium 5 hydroxide nmaterials. The nmetal can

i nclude any suitable material and be derf ved fromany suitable material
including netal salts that are soluble or substantially soluble in an
aqueous  sol uth'emd¢cyltn'matﬂnylambxodiuménﬂroxiﬂheiinmh)adodbcrydﬁthmgmaﬁunahmwidenet al, an
al kal i ne eart : S tion
metal, a | ant %éeﬁ%%th#%m gr}lg%ﬂﬁl ;0&@?0%@?%& eo bi ao%eél?% rresgr}ﬁ%:orrponents
i ncl ude al umi romomide avdi abigride tfortna of mnabwennennmred@nmmnurrzsaﬂte carclgpysed by ni ckel ,

nol ybdenum irg | ) n ' S9nbi nation
thereof. The & Tr}mglﬂbrglp huagl ydr nf?*d‘ﬁ excl?'%[ég C?lgﬁlg?%%fj éj;c pa(S:Lél ng £y gsugﬂdl um
silicate sdl uthydmxid¢ atedalh a bed of H -cation exchange resin. The resulting
deioni zed silicic acid . 15 sol u i ctive

typically kept coo edm?tal 78 mdlglte § ?Jﬁggllgingiﬁrlgﬁ&d%%odﬁﬁg\é S ﬁar}ﬁ%e silicic
aci d solution maneﬁtahiaclaﬂlhglmem saimlthatlammolwhletdiesulbmhallyt s!ohxbledihsaasaamaousat ed OH"

fromthe stabi Illger gat ale%gdjsmemptlgl I’lIch ud'esozra‘nE ctl I qlezt,] en tlgne
cationi ¢ netal**Conporiefit “an

cate componen A omt e SI P& acid to
formthe col Imntadl, mfls‘smlvw uanspwnt methles: Z“Thewrteemsmpmnndtdleaelbmhmcbl dsd a solid
phase_conpgsed ofi L g, 205! alp, SOTROBERT okl ABLLAE GBS Slddiga wherein
the netal andcgltn BT er e desp rS6d WPTRIS t he 819 *ca part i°Cl'es.
Utilization oftitdnhun, sSinakircbninmy zm@mpnpraemtckejbmplab@sum,t inen, rieenint @arpdiomj de a heel
cont ai ni ng al at al.ysts OH, KOH, NH4OH, the like, and
conbi nati ons t%ﬁreo%lgg fict @dchopgl%ﬁpntﬁé?ggl ated that any suitable type of
silicic acid sol utTlcersﬂmachxésalﬂﬂohwzebh preyareldrby e shirtgi aosodium arlaiaalsymtmsrg particle
formati on, th§ @bl I |ger ca &s .25 naesrgs'c]llpi llthir al
conmponent . Not WI g to oun any parti cu bel i eved
t hat t he qifat eplndonteraigitole qnatraamwemhcm@q)icellw\kdphcctohd toretaad cownedeatwm on in the

Upon addition of the silicic acid solution to the alkaline solution in the heel, the

m'ggfehomze(ci) SlllC{C acrget

disassociated OH™ from the stabilizer catalyzes a polymerization reaction between the
cationic metal component and a silicate component from the silicic acid to form the
colloid of silica particles. The reaction thereby yields a solid phase composed of the

20 metal component, the stabilizer and silica wherein the metal and stabilizer are
dispersed within the silica particles. Utilization of the stabilizer component obviates
the need to provide a heel containing alkaline catalysts, such as NaOH, KOH, NH,OH,
the like, and combinations thereof. It should be appreciated that any suitable type of
silicic acid solution can be utilized.

25 In addition to catalyzing particle formation, the stabilizer serves as a stabilizing
agent for the metal component. Not wishing to be bound to any particular theory, it is
believed that the quaternary amine cation interacts with the metal oxide anion in the
heel (MO4X' wherein M is the metal cation) ultimately stabilizing the metal. It is
believed that the quaternary amine maintains the metal oxide anion in a four-fold

30 coordination state or tetrahedral orientation so that silicon-to-metal ratios of four can

be obtained. Stabilizing the metal component in this manner produces a greater



heel (M)4 X_ wherein Mis the netal cation) ultinmately stabilizing the
netal. It is believed that the quaternary am ne maintains the netal oxide
anion in a four-fold 30 coordination state or tetrahedral orientation so
that silicon-to-nmetal ratios of four can be obtained. Stabilizing the netal
conponent in this manner produces a greater 9 nunber of silicon-netal

| i nkages all owing the solid phase of the colloid to carry an increased
anount of netal conpared to surface treated colloids, for exanple. In an
enbodi nent, the resultant silica colloid is capable of supporting from
about 0.0001w % to about 35wt % netal based on silica. The nmetal -stabilized
silica 5 solid phase al so denonstrates increased stability and remains
stable in a phumdaod siifcombetal lihkages Alditg thetsolidlphasskdiftheeebliadidt toScaimy vh | |

appreciate that "stable" ans that the solid S f the colloid is
present, di spé?cé%aﬁed?al'ﬂoéiﬁtg‘ﬁe eﬁ*i" dredis SiHacedteatst goq%f‘ﬁ’rfgﬁa‘%’ﬁle' this entire pH
range with effecti iehyembodifiéit, the tedblant dili@ oUbidds piyable dfsupportingnteemtli ment i s
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i ncor por at e orag’ﬂftéﬁgrag%md%%&ldt“bﬁﬂﬁﬁ??@ﬁ‘f‘ﬁiaﬂ‘f’f)"‘att‘?'lg‘a¥ rséaﬁ?’ee\/\d?%“%’ﬁ’atcta‘f | oi dal
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I ncl udes an agueouys sol ut| on t ha east | ncludes, a al er nar am ne as
dof i ned hor e HGRERGY B Gt AE tangs Tt TeGvER P S T8 SIB A& net udo, f or
exanpl e, NaOH enfs6limeNiK4drbrpidie add Hee a aiiiber 6OPHR IR thad Bre lgbsr AFTsphehiog i | i Ci C

acid solutjon (can_pe prepared as preyvious|y discussed _or other suitable
manner) i sfor ed6tPEd ‘E‘ﬁo'ggld’émcl?ﬁﬁ‘b‘gﬁéii%etew‘r%%rﬁﬁg‘?tosfta'bo"f OPHCHERE ) silicate
sol ution, represwat BOO aMgitstalt kdankaibedimet0 H Si O +M -> [x(H SiQ)-M] +xH
The netal silicate_ sol ution IH‘E subsetﬂuentl .added tq, the heel .to formthe
col 1 oid. During palt Potsr eBPAdmER L i, prespft inyeptiony silicyy 3ok i wilized &2 al yzes

the copol ynerihcgiotaorafisptii€a aittal Bdthgonéi i the FAMOREIRIof 36Ibidal kilicad.e, (Si 04)
fromthe silicic acid. This roroduces a col |,ﬁl d wwth the netal dispersed
wi thin the sil%Ba®e 1 mgthod belufe prppinethedl- iThE Bt el s patcavs s Rfighor k as
di scussed Bbhowv) ,at Seasthindlsddiay iqhgerfary NaiROSN Gdfedlinsleini HUk akaite idsm. net al
nen hr ntir | ] h f
conponent thrqughout e Som oS! fl BNt NIbH, KOH, NH.OH, the like and
combination thereof. The silicic acid solution (can be prepared as previously discussed
or other suitable manner) is reacted with a cationic metal component to form a metal

silicate solution, represented chemically below:
20 H,Si0, + M*" - [x(H,Si0,) -M*] 4 xH"

The metal silicate solution is subsequently added to the heel to form the
colloid. During particle formation, the OH™ present in the heel catalyzes the
copolymerization of the cationic metal component and silicate (SiO4") from the silicic
acid. This produces a colloid with the metal dispersed within the silicate (i.e.,

25 incorporated into the particle framework as discussed above), such as having a
homogenous distribution of the metal component throughout the entire solid phase of
the colloid. Not wishing to be bound by any particular theory, it is believed that the
dispersion and loading of the metal is obtained as the copolymerization forms a metal-
silicate lattice throughout the microstructure of the solid phase. Nonlimiting examples

30  of suitable metals that can be used as the cationic metal component include aluminum,

cerium, titanium, tin, zirconium, zinc, copper, nickel, molybdenum, iron, rhenium,



the colloid. Not wishing to be bound by any particular theory, it is
believed that the dispersion and |oading of the netal is obtained as the
copol ynmeri zation fornms a netal- silicate lattice throughout the

m crostructure of the solid phase. Nonlimting exanples 30 of suitable
nmetals that can be used as the cationic netal conponent include al um num
cerium titanium tin, zirconium zinc, copper, nickel, nolybdenum iron,
rhenium 10 vanadium boron, | and 2"d row transition netals, |anthanides,
al kali metals, alkaline earth netals, the |ike and any conblnatlon thereof
As previously discussed, the netal conﬁ@nent can be derived from any

sui tabl e netal source inckydin%, for exanple, any suitable netal salt that
i s sol ubl e or veuasiumbpion) 1°\and @I TBW drapsificarmetds, dapthenides, alkslbmetals, alkeadios di ng t o

this synthesi Seanmeﬁﬁ%gnmnwmon&b@ma&ﬁsfp&d'A Rvioull§ uRbussedl thk G3laf col | oi ds
of the present invention can have a netal content from about 0.0001% to

about 2% by wesghenchisade derivsi fiomeny THeblemtetal soyrdeiiecdyding &irlewinepde, ofy t he
present i nventj i 444 sé\mmb&lﬂﬁ)l@d?‘éutgﬁ%ﬁl?k&w{blém‘ﬁfg &Rbs dofyighape, wherein

the particles have an effective dianeter or part size fromabout 2 run
to about 1000 nm i Acemding terihis dypHhgsis. prtméurmuaquaryu toi amembedimensi gstahr e st abl e
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t he above-descri synthesi's procedure can utilized to effectively
control the | coaffeiveotiameier prepaide sigel fqoma@honwtwmrt@@bow 10B9 mmt fnean col | oi dal
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acid solution are selectively added to the to_control the position of
the metal wit Hinextiting effictiveihag epresipitatinn molhlSoiadgeas The skitled] artiBuy Wllhl I | cic
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initiate particle formation or to grow o ot erw se e S|ze of
a pure silica agditien iheofithd metal siliata seletibnttothe hesl.heel . For exanpl e, the netal

silicate sol ution e addady! 8l NBel bRl ALELR Sy RhlsChbedledefobat i 0N 11

an enbodi nent, This addi tPon sequence yl e ntarning silica
col | oi d whir eiutilizadte cfifstiedly ¢ontrol thplorationl of the method @ddoadurrxttbqrwfrwrthmyb;er of the
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to cover the interi conta|n|ng pOI’tIOﬂO epart|cevmtha
| ayer cont ai nispigtiomars sdldctizelnpddpdiotthe hreel tapengtol the position of the metal within the

solid phase of the colloid as desired. Both silicic acid solution and metal silicate
solution can be added to the heel to initiate particle formation or to grow or otherwise
20  increase the size of a pure silica particle initially added to the heel. For example, the
metal silicate solution is added to the heel before the silicic acid solution in an
embodiment. This addition sequence yields a metal containing silica colloid wherein
the metal is dispersed in a core or interior layer of the colloidal particle. The
subsequent addition of the silicic acid can be used to cover the interior metal-

25  containing portion of the particle with a layer containing on silica without the metal.
Alternatively, the silicic acid solution can be added to the heel prior to the
addition of the metal silicate solution in an embodiment. This addition sequence yields
colloidal particles having a core or interior composed of silica. The metal silicate
solution can then be added to coat the silica particle to produce a particle containing
30  metal on an exterior surface or outer layer of the particle wherein the metal is dispersed

within this particle layer. The skilled artisan will appreciate the myriad of possibilities



Alternatively, the silicic acid solution can be added to the heel prior to
the addition of the netal silicate solution in an enbodi nent. This addition
sequence yields colloidal particles having a core or interior conposed of
silica. The netal silicate solution can then be added to coat the silica
particle to produce a particle containing 30 netal on an exterior surface or
outer layer of the particle wherein the netal is dispersed wthin this
particle layer. The skilled artisan will appreciate the nyriad of
possibilities 11 available for the conposition of the colloid solid phase.
Addition of only the netal silicate sollution to the heel can yield a
colloid having a dispersion or distribution of metal within one or nore-of
the col | oi dal apilable fprethesompasivion et (hy ceileid selisewhascAddiiditipnt dfeonlynibe metaki | i cat e
sol ution and tfie,&kil§dnCod fbeP AnUid®Y chibidaviid £ TRARRLioRbe 2
sequence such agmné f'ﬁm ?%afe gﬂ?lClg aé?ganéé PEﬁ%lﬁggie Sl ICFC acid can
yield a col | cietdwithmrang of motea§ thegolipidal pdsticle @sfprtxayé}yshmhmfbmddmmthﬁ
containing la PYidi@Y, Bersdtinb GR4 t hout a
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aci d and/ o5 netqencsi fuck as encia diilidatsrsilicanadiémerl isididate-sificidesidr el yieldvary t he
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be further f.orE S, r stal line
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conbi nat i ons tshapee@und have an effiecé ndoprdtigheesite, ofemznmed abppt| t WOmeY sradrding &at nent  at
sui tabl e tengﬁsﬁg resand over a suitable period of time can produce a nore
crystalline silica |nclud|ng netal losilicates, such as zeolites, fromthe
col | oi dal conposi tIt@hmlldissxppnebadd hex mﬂelda%wmeosmmh@domthaﬁsdémalowpos| tion

i ncludes sili | i I ed within
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combinations thereof. In an embodlment continued hydrothermal treatment at suitable

temperatures and over a suitable period of time can produce a more crystalline silicate
including metallosilicates, such as zeolites, from the colloidal compositions described-
20 above wherein the colloidal composition includes silicate and a stabilizer with or
without a metal dispersed within the silicate, specific examples of which are provided
below in greater detail.
According to an embodiment, if the heel in the second synthesis procedure is
replaced with an organic cation such as those used in synthesis procedure one (e.g., a
25 stabilizer including tetramethylammonium hydroxide (TMAOH),
tetrapropylammonium hydroxide (TPAOH), tetraethylammonium hydroxide (TEAOH)
and/or the like), continued hydrothermal treatment after the silicic acid or metal/silicic
acid containing solution has been added, can result in the formation of a more
crystalline silicate or metallosilicate including a zeolite.
30 Doped colloidal silica is useful in multitudinous industrial applications

including, for example, dental applications, protein separation, molecular sieves,



25 stabilizer including tetranethyl ammoni um hydroxi de ( TMACH),

t et rapr opyl ammoni um hydr oxi de ( TPACH), tetraethyl anmoni um hydr oxi de ( TEACH)
and/or the like), continued hydrothermal treatnent after the silicic acid or
metal/silicic acid containing solution has been added, can result in the
formation of a nore crystalline silicate or netallosilicate including a
zeolite. 30 Doped colloidal silica is useful in nmultitudinous industrial
applications including, for exanple, dental applications, protein
separation, nolecular sieves, 12 nanoporous nenbranes, wave gui des,
photoni c crystals, refractory applicatidhs, «clarification of wne and
juice, chem cal nechanical planarization of sem conductor and disk drive
conmponent's, cdRBYRPENS JUGPRIRTCS, WA ERidFsoPhatraic dirsitiingrstrastery srRlicatiapfer maki ng,
fillers, surfaggifesnhioltS8ne SR L CchERICET héthshical PMESTARM ofCRmidoRdicRE Nders, 5
flattenrng agents proppants, cosnetic fornul ations, particularly
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following illustrative exanpl es according to various enbodi nents w t hout

limtation. Qpplicatay comprgeede e@lomdabcompostiqdpsoribed hefgin-hy | anmoni um hydr oxi de

(20-25 wt % sol uti Q{]af{vae%lb%@l% tth nﬁlugtga]g?dpil&'ﬁoﬁ eee&ertecﬁlfenguw a0 23 Wt %
of deionized (D) water. A O al um num chl orohydrate (50 wt %

sol uti on was eudting of taalgst s\npmmr rem%@randmenwmﬁsmmaemk% lesss e

sol ution was tfygthigddeds, TpEprBﬁan@%Sﬁsﬂfn gﬁmsr,‘g,gm tenperature at a rate of 200
mL/ m n. The reactor was hea Sl hen, 64.25 wt%silicic acid was

added to the, reacTly pegsend inygphon atill byt ﬁmrer undepqtpod pith refveaee 30 2B hours. As

following illustrative examples according to various embodiments without limitation.

Synthesis Procedure One:
A 5 wt% tetramethylammonium hydroxide (20-25 wt%) solution was added to
a 12-gallon reactor along with 10.23 wt% of deionized (DI) water. A 0.70 wt%
20  aluminum chlorohydrate (50 wt%) solution was added to 19.82 wt% DI water. The
aluminum chlorohydrate solution was then added to the reactor at room temperature at
a rate of 200 mL/min. The reactor was heated to 100 °C. Then, 64.25 wt% silicic acid
was added to the reactor at a ramp rate of 100 — 220 mL/min over 3.25 hours. As
shown below, Table 1 lists the physical characteristics of the colloidal aluminosilicate

25 made in the 12-gallon reactor after it was concentrated by ultra-filtration:



shown below, Table 1 lists the physical characteristics of the coll oidal
alumnosilicate 25 nmade in the 12-gallon reactor after it was concentrated
by ultra-filtration: 13 TABLE I Concentrated Colloidal Alum nosilicate (12
gallon Results reactor) Solids wt% (specific 25.30 gravity) A12G3Si Q2 w %
(ash) 24.72 Solids w% (renoving water) 29.75 "includes organic noiety" PH
11.02 Specific Gavity 1.1671 Conductance (nhos) 7100 Particle Size (nm,
5.00 Titration wt% A1203 (BOS), ICP 3.93 Synthesis Procedure Two: 1.
Preparation of the alum num containing solutions 5 Mononeric containing

al um num solution: A 0.37 M AIC13. 6H20 Bol ution was prepared with a pH of
2.2 and was used as prepared as further described bel ow. Polyval ent

al um num cont ai ni ng sol ution: A secontABIdi Uti on of 0.50 M Al Cl 3- 6H20 was
prepared. This solution was 10 passed through an ion _exchange col um

cont ai ni ng an ani on eXch@mgentraggiGollgiddwex 550A (OH')). 100 g of Al Cl3. 6H20
sol ution was passed t hr AlgtinckiCateri2 @hllanesi n. Th&esybsl of t he al um num
cont ai ning solution wags ca. 3Jedttafter be|l ng passed through [the colum.
Al um num chl or ohydr at ¢ caSvlid % Bpecifeed. | 2. Pr epzasrsaoti on of |the silicic acid:
- gravity) '
Al 05-Si0, wt% (ash) 24.72
Solids wt% (removing
water) 29.75
“includes organic moiety”
PH 11.02
Specific Gravity 1.1671
Conductance (mhos) 7100
Particle Size (nm),
Titration >-00
wt% Al,O5 (BOS), ICP 3.93
Synthesis Procedure Two:

1. Preparation of the aluminum containing solutions
5 Monomeric containing aluminum solution:
A 0.37 M AICl3-6H,0 solution was prepared with a pH of 2.2 and was used as
prepared as further described below.

Polyvalent aluminum containing solution:
A second solution of 0.50 M AICly:6H,O was prepared. This solution was
10  passed through an ion exchange column containing an anion exchange resin (Dowex
550A (OHY)). 100 g of AICl;-6H,0 solution was passed through 100 mL of resin. The
pH of the aluminum containing solution was ca. 3.4 after being passed through the

column. Aluminum chlorohydrate can also be used.

2. Preparation of the silicic acid:

15 25.00 g of (sodium silicate) was added to 57.37 g of DI water. The solution
was passed through a column containing a cation exchange resin (Dowex 650C HM).
About 40 mL of resin for 100 g of diluted sodium silicate solution was used to produce
a silicic acid solution. To the silicic acid solution, a suitable amount of aluminum
containing solution to produce the desired concentration (ppm) of aluminum based on

20  silica (BOS) was added as detailed below in Table 2.



15 25.00 g of (sodiumsilicate) was added to 57.37 g of DI water. The
solution was passed through a columm containing a cation exchange resin
(Dowex 650C (H+)). About 40 niL of resin for 100 g of diluted sodium
silicate solution was used to produce a silicic acid solution. To the
silicic acid solution, a suitable amount of alum num containing solution to
produce the desired concentration (ppn) of alum num based on 20 silica
(BOS) was added as detailed belowin Table 2. 14 3. Preparation of the
nmetallosilicate colloids: Exanple 1. The silicic acid solution/nononeric

al um num solution (2.93 g of 0.37 MA 3. 6H20 sol ution) was added to a
causti c heel containing 0 30 of NaOH (50 wt% in 14.40 g of DI water over
a 5.0 hours rénBTCP%attO(ﬁtOéFhe@Te'ZgIGS'BCPtengB?IdSs| licic 5 acid solution/alum num

sol ution was addeobxa@gﬁrrplme Ziticid RGia SbibdidnifrorR ke §194nuﬁlhogulﬁeﬁy2/@| £h¢ al um num
solution (3.02 M Al C13. 6H20 ani on- exchanged sol ution) was added

to a caustic ﬁégIM Al 6liaQ splutiop) wes agdesk to mcangtic Bepl gpgining 084 g2 NgOBF DI wat er
over a 5.0 hogp 0 1A46 gfo@bx qfater @&T% 0ohofs rihb.l Al 61aPSt 66.579) SRR/ al um num
sol ution was added. anple 3: The silicic acid solution/polyval ent

al umi num sél uwl@wll{t@n/@@ngnm SOIWOBUaMdAP‘mS 6H20 ani on- exchanged sol uti on)
was added to a Ca%&hﬁlerﬁqlheQﬁi@fcaabnﬁ'sﬂﬂnorppoﬁgraﬂntojlumgﬁ' séfi_lgod"fé}%z d& 14.20 g

of Exanple 2 over .0 hour ranp. icic acid

ool Ut 1 on/ &l b HOM SiSTeHSrARaaEs sommpvae adod T cHa setcontinane
sol uti on/ al U3 A B0 vid) 47 19205 P DBUald 018 oY, &ﬂ,&r@!ﬂzp mbaﬂc(,fexchanged

sol ution) vvas added to a caustic cont al ni ng / 0)
in 14.20 g of 6&Xaupf dic asidselutomalgmizgmsolbgnpyasa degt aI of 68 57 g of silicic
acid sol Utl'Oon/ al urﬁx’ﬂ“@esﬁlﬂtﬂ ls{#idic \¥erd s@ﬂfjﬁ‘gpol)ﬁ%l@mhﬂmﬁum biuf?&n !?l(ﬁrl;t ofSynthesis:
The silicic acid sol ution/alum num sol ution . Mol uti on of
20 al uni num cRIS8MA Dy @x8) anjgasexglpaecd SPbU%P)c}@eSNeé tmeeauswmoman@go 11 ¢
NaCH (50  wt %3brgo%§éng<59tvt%9lnm z@lgafcmam% 2 PeBa 38 ulhmp)! ABLESs OVer a
4.75 hours ra reacti on was heated at 93C. A total of 87.89 g of
silicic acid §bpUg Pﬁfﬁl%ﬂ agid selutpr/dpmigumspluhgnsvasddded. The final product was
cation-exchanged t&aﬁmﬁ!&f‘)&/enﬁxﬁﬁéac:é@ﬂhﬁmaldnﬂﬁ&lﬁ’ sBifiéd €.8 fidrlosyoed (LPC) and

pH adj usted to 6.4
15  AlCly 6H,0 anion-exchanged solution) was added to a caustic heel containing 0.30 g

of NaOH (50 wt%) in 14.20 g of Example 3 over a 5.0 hour ramp. A total of 68.57 g

of silicic acid solution/aluminum solution was added.
Example 5: Pilot Plant synthesis:
The silicic acid solution/aluminum solution (0.67 g of a 0.87 M solution of
20  aluminum chlorohydrate) was added to a caustic heel containing 0.11 g NaOH (50
wt%) in 3.82 g of 20 nm silica sol in 8.18 g of DI water over a 4.75 hours ramp. The
reaction was heated at 93°C. A total of 87.89 g of silicic acid solution/aluminum
solution was added. The final product was cation-exchanged to remove excess
sodium, large particle filtered (LPC) and pH adjusted to 6.4.
25 Example 6: Cerium doped silica colloids:

A solution of 0.50 M Cey(COs); was prepared by adding 46g Ce,(COs); into
100ml DI water then adding IN HCI until dissolved. The solution was then topped up
to 200ml with DI water.

A silicic acid solution was prepared where 200 g of (sodium silicate) was added

30 to 1000 g of DI water. The solution was passed through a column containing a cation



25 Exanple 6: Cerium doped silica colloids: A solution of 0.50 M Ce2(CG3)3
was prepared by adding 46g Ce2(CO3)3 into 100m DI water then adding I N HCl
until dissolved. The solution was then topped up to 200nL with DI water. A
silicic acid solution was prepared where 200 g of (sodiumsilicate) was
added 30 to 1000 g of DI water. The solution was passed through a col um
containing a cation 15 exchange resin (Dowex 650C (H)). About 40 nL of
resin for 100 g of diluted sodium silicate solution was used. To the
silicic acid solution, an anobunt of the cerium containing solution was
added to provide the desired concentratildn (ppm) of cerium based on silica
(BOS) as 5 illustrated in Table 2, The silicic acid solution/cerium

sol ution (6.2 ¢xchange Gsis (NGXHSOOEH 3). BHout 400n) of eeis ford B g of dlutedsediemi ¢ heel

contai ning 5 OgRfeKQibtoa sy in 200 g of DI water over a 5.0 hours ranp.
A total of 1200 Seogds}l&'\?%si c acid solution/ceriumsolution was added to

produce the ceri umT@dhesiligs p¢id soleténn} o ersound ofthe ggrivan Fontamipg palitiendsed silica
col loids: A tifQn t:Ga0 @ Bisited SRbétirh @ & &RENGHsed o] PR IBGHIQM.
solution of 0.50 M 'I;Blr(} n wasS pr epar ed by(\é@ﬁ)ovm y ad?i S'r?g olosOrriED(l%ﬁv?/at er into
a beaker cont allpstratgddn Tapled. C14 and | Or i sopropyl al cohol. The silicic

act d vas_prepared ho Liie 38TEAINLAR 3,ARTERIA%H I SVRKARRLE sfuin© TO the

silicic acid was added an anmpunt of e titanium containi solutron to
produce the deasadded toanawig egt Gontainingdrg of dOH {45awriba) in Wieeaf T watsr byeca ( BOS)

as illustrated I in T, f:L:L el I i | am
solution (12. 6 r%?hg'pls Bln@ Iaa@a&ﬁtzggpﬁg Fﬁgénl% 9&1%@8@ g@]#%&%%&? (lﬁ]dggheel
cont ai ni ng 5 gtopfodd@Hhq ckBumtddpedisiiceO@loglsof DI water over 20 a 5.0 hours

ranp. A total of 1 frsShd i Ci of .yt i on/ cerium sol uti on was added
to pr oduceh?he ti tﬁ%&engébﬂugﬁop%%ﬁkgf?ﬁ%% . Exanple 8: Zinc doped silica
col | oi ds: The 4ititawivoorentainingrsglution was pagpared e dn particutanjassopytion efdliileMWlaCl a

Call - ) - | : eilioleoacid
g?emgg:: gldai nyt h\gysgﬂar%;gmd%y%o%yg&dméqm Y1 vJ}lte?%!)\‘Q ‘?bleﬁcer I&%alrﬁhé bgé Tidg! 0 Was
and 10ml isopropy! alcohol .

The silicic acid was prepared in the same fashion as described in Example 6.
15  To the silicic acid was added an amount of the titanium containing solution to produce
the desired concentration (ppm) of titanium based on silica (BOS) as illustrated below
in Table 2. '
The silicic acid solution/titanium solution (12.6 ml of 0.5 M TiCl4 solution)
was added to a caustic heel containing 5 g of KOH (45 wt%) in 200 g of DI water over
20  a 5.0 hours ramp. A total of 1200 g of silicic acid solution/cerium solution was added
to produce the titanium doped silica colloid.
Example 8: Zinc doped silica colloids:
The zinc containing solution used in’ this procedure was a commercially-
available product, namely 1IN Zn(NOs),. The silicic acid was prepared in the same
25  fashion as described in Example 6. To the silicic acid was added an amount of zinc
containing solution to provide the desired concentration (ppm) of zinc based on silica
(BOS) as illustrated below in Table 2. The silicic acid solution/zinc solution (6 ml of 1
M Zn(NOs), solution) was added to a caustic heel containing 5 g of KOH (45 wt%) in
200 g of DI water over a 5.0 hours ramp. A total of 1200 g of acid sol/cerium solution

30  was added to produce the zinc doped silica colloid.



25 fashion as described in Exanple 6. To the silicic acid was added an
anount of zinc containing solution to provide the desired concentration
(ppm of zinc based on silica (BOS) as illustrated belowin Table 2. The
silicic acid solutionlzinc solution (6 M of 1 M Zn(N03)2 sol ution) was
added to a caustic heel containing 5 g of KOH (45 w% in 200 g of DI water
over a 5.0 hours ranp. Atotal of 1200 g of acid sollceriumsolution 30 was
added to produce the zinc doped silica colloid. 16 Synthesis Procedure
Three. Preparation of crystalline silicate and netallosilicate colloids:
Exanple 9: Colloidal Silicalite-1 was syt hesi zed with a narrow particle
size distribution froma nole conposition of 5 1 TPACH: 9Si 2: 109H20 The
source of siliemthesis Rpqefue cThage deeFﬁénqne%fcfwalb@sﬁlE?a“’vva%d sxitlosdlisalti t h a
20-25 wt % sol oy of TPAOH, which was heated to 90C. To this, the silicic
acid was added over 3 hours. A clear solution resulted, which was heated
for 18 hours. Exanpgi*mpl:o: @FIP‘S?ltﬁachaE'SM‘?SM%‘h@Vﬁ@ WALk j2BEOWi PRRICE S7r r ow

particle size glBvslohtFonPihbRRohpRRifoRof0l € conmposition of: 65TPACH:
125Si 2: 1 A1203: 7000H20 The source of silica was silicic acid. The reactor

vessel was éharged with a 20-25 WHAOHYPHP6WHIO TPACH, which was heated to

90C. To this tig QLELIIRGS kifitie a@i@'ﬂle r%loms@émé@&a@g@alevqha\a@fzs %td%ours A
clear solution resulted, which was heated for 15 hours.

| osi | i cat e’ col $oties-of TRAOH, y@how hepted %W%ugoﬁh‘éﬁh? élamfsréelalwaa@é@d sanpl es

with the differepsholteeA Sleaftblufbn fellfed ivhicBal heatRifa 184002l Ni ng sol uti ons,
anounts of metal added to the acid sol based on silica (BOS) and a variety

of characteri zati orfxemeliniOyGe¥oidy Z8Mdetasrsynthesizsdrvifics samew pamipld sizge ext ent,
if any, ‘agghongk@bitRR frofSa RO WmRRIBNG: Tabl € 2  provides a summary of the
synt hesi s procedures according to Exanples 1-10 as detail ed above: 17
Tabl e 2 65TPAOH:12585i0,:1AL,05:7000H,0

The source of silica was silicic acid. The reactor vessel was charged with a 20-25 wt%

solution of TPAOH, which was heated to 90°C. To this the aluminum/silicic acid

solution was added over 2 hours. A clear solution resulted, which was heated for 24

15  hours.

Metallosilicate'colloids:

Table 2 shows the various prepared metal doped samples with the different
heels, pH of the different metal containing solutions, amounts of metal added to the
acid sol based on silica (BOS) and a variety of characterization techniques to

20 determine particle size and the extent, if any, agglomeration. As shown below, Table 2
provides a summary of the synthesis procedures according to Examples 1-10 as

detailed above:



Theor et i cal
sol uti on

(Heel ) Metal

Particle and Particle dianmeter pH final
source (I CP) dianeter and Observations Cbsenr-

wt % and pH amounts of OCEM an nd (surface netal

m2l g Si02]

BCS
(29.6) 12.9 (233) Prec.
5,000 (1,508) 28.5 (27.3) 15.3 (196) No prec.

7.68

Sanpl e cal cul ated (nm
[ Fi nal

doped netal (TEM area)

(ppm Titration Exanple 1 AICI3r6H20 2.2 3,500 (3,281) 47.8
(H20/ NaOH) 16.541 Exanple 2 Al C136H20 3.4
9. 60 H2d NaCH ani on-exchan ed

6.63 Exanple 3 AICls 6H20 3.4 5,000 (3,683) 47.9 (51.1) 20.9 (143) No prec.
9. 20 anion- exchan ed 7.33 Exanple 4 AICI3 6H20 3.4 5,000 (3,911) 82.8
(89.9) 24.3 (123) No prec. 9.05 ani on-eXchan ed 7.67 Exanpl e 5

At 2( OH)5C . 2H20 3,192 (2, 446) 49.3 (53
[32-71 Exanple 6 Ce2(COB)3 11650 50.8

T9

29.4
€hrec.

(102) No pres. 6.87 3.8
5.55 Exanple 7 TiCl4 3985

45.7 No rec. 542 Exanple 8 Zn NOs_5438 No rec. Rres—TNe—prec. Exanple 9 -
~ 241 Sllicalite 11.5 b XRD Al JtPEFd - 2rpo Mo i8i%:. | Exanp e @B 8 26000
292 ZSM 5 11/ 5 sarpleXRD ﬁwgmgm S @akuBted i S a?fﬂftl n|exehangegd, Lo fenpuen chl oride
i ) (GR sii - 5 [Eiag! M5
and i ncrease| pHiee) BOS neans baged o S bEsan Exarifl e b abke mte@'d n
dei oni zationjand pH jadj usted tq & &g 5 (FﬁM)geﬂner%a,mz‘}ghe met a| "3§gFa" ¢ol | oi ds
descri bed abpve and jhrade pur sugngost @pmyviar i ous entsdionment s exhi bit gogd
i1 i p 7.68
stability in }&?3‘“ El) I a@eHd 2D |RGbo (E2%6MPh,(208) | 12.9(233) | Prec. gt
“Example 2 | AlCk-6H;0 3.4 9.60
(HZONaOH) anionfexc;ang od | 5:000(1,508) | 28.5(27.3) | 153 (196) | Noprec. (6.63]
Example 3 agﬁ?g('::g:g.:d 5,000 (3.683) | 47.9(51.1) | 20.9(143) | Noprec. [‘;’:5‘3’]
Example 4 aﬁfkﬁxﬂﬁnﬁ: g | 5000(911) | 828(89.9) | 243(129) | Noprec [3:2%
Example 5 A'z(OH:);g"ZHzO 3,192 (2,446) | 49.3(53.9) | 29.4(102) | No prec. [g';;]
Example 6 CexCOsks 11650 50.8 No prec. 5.55
Example 7 TiCl4 3985 457 No prec. 5.42
Example 8 Zn(NOsz) 5438 No prec. 5.38
No prec.
Example 9 241 Silicalite 11.5
by XRD
i No prec.
Example 10 | A(OR)CI2H0 26000 202 2SM-5 115
: byXRD

10

*Aluminum source is anion exchanged to remove chloride and increase pH.

*BOS means based on

silica. Example 5 after cation deionization and pH adjusted to 6.87.

In general, the metal doped colloids described above and made pursuant to

various embodiments exhibit good stability in the pH range 3-9. For example, a

stability test was conducted on the filtered and cation deionized aluminosilicate colloid

of Example 5. The pH was adjusted to 4.1, 6.5 and 8.5 and effective particle diameters

were measured (QELS) before and after heat treatment for two weeks at 60°C. No

gelation occurred with these samples after heat treatment and the particle diameters

remained essentially the same as demonstrated below in Table 3:



stability test was conducted on the filtered and cati on deioni zed
alumnosilicate colloid of Exanple 5. The pH was adjusted to 4.1, 6.5 and
8.5 and effective particle dianeters 10 were neasured (QELS) before and
after heat treatnent for two weeks at 60C. No gelation occurred with these
sanpl es after heat treatnent and the particle dianeters renained
essentially the sane as denonstrated below in Table 3: 18 TABLE 3 Particle
D ameter Particle Dianmeter (After Heating pH (Initial) @60 C/tw weeks)
(QELS, nm CQELS, nnm) 4.1 49.6 48.6 6.5 39.6 49.6 8.5 49.6 49.2 The
col | oi dal conpositions of the present i fYention can be utilized in a nunber
5 of different and suitable types of apqggﬁﬂggons in any suitable forns and
anounts thereof For exanple, the colloi conposition can be used as a
chem cal mechanical polishing agent including use for electronic
conponent s; a catabyst—wateralrand—suppertstherpof—i-Relugdinguse in the
petrochem cal industry, ,quch as cf%%'ﬂ?mm%% fﬁ@ﬁé%?%ﬁﬂﬁ@ﬁgﬂ%ﬁ@’of gasol i ne;
as a detergent of agent thereof to @em®ve) caliciumi gnss k) and/of the like
fromsolution; and any esnher types of4aaui t ablle applicaséons. 1t |shoul d be
under stood that yariousé&hanges|and m&f fi catlions to #he present]y
preferred enbodi ents dB&cribediherei48ui|| be apparef??to thosel skilled in
the art. Such changes and nodifications can be made w thout departing from
the spirit and scqpe . he present invention and withouyt dimnishing its
at t endant advantaggg?“ﬁ@“#g” °?W@?8f@?8mﬁﬂfgﬁﬂ@8nf%ﬂ?‘@ﬁ?ﬂ‘%ﬁﬁﬂﬁ%% and

nodi ficati ons dfediff@uerad saitabldepappreipiichtiond Al 4. suitbble I nd aelofdED | S 1.
A Cory ol dal CoBeS b PP h B compiiton’at Be SIORE: ekl miFiata AN 2

polishing agent including use for electronic components; a catalyst material and

supports thereof including use in the petrochemical industry, such as cracking to
increase fractions of gasoline; as a detergent or agent thereof to remove calcium ions

10 and/or the like from solution; and any other types of suitable applications.
It should be understood that various changes and modifications to the presently
preferred embodiments described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without departing from the spirit and
scope of the present invention and without diminishing its attendant advantages. It is
15  therefore intended that such changes and modifications be covered by the appended

claims.



5 2. The colloidal composition of claim1, wherein the silica doped with
metal includes about 35 wt % or |less of the netal based on silica. 3. The
col | oi dal conposition of claim1l, wherein the stabilizer includes a

guat ernary conpound. 4. The colloidal conmposition of claim3, wherein the
guaternary 10 conpound is a quaternary amne. 5. The colloidal conposition
of claim1, wherein an anount of the stabilizer correlates to an anount of
the metal. 6. A colloidal silicate conmposition doped with a nmetal conprising
one or nore silicate particles doped with a netal wherein the netal is

di spersed within one or 15 nore of the!8ilicate particles. 7. The coll oi dal
silicate conposition of claim®6, wherein the netal is dispersed in a
control | ed man¥BATIS CEAMMERIS:| dal silicate conposition of claim®6, wherein

one or nore of the :si | A e@icRiaPenipositiéiscomphdisiles a | ayered structure. 20 9.
The colloidal silicate conmposition of claim8, wherein the netal is

control | ably di spef &l¢ptedared Witbamesk atbre particle |ayers of the |ayered

structure. 10. TheggRlilep udfdrsed Withmakeilk@eposi tion of claim6, wherein the
netal is selected fromthe group consisting of an alkali netal, an al kaline

earth metal’ a I Fow Theardqidal sempesition of claim i gwhestin thesilict dopsh vt al . a
| ant hani de, angks aEidBAbA S Wide6:a8k of BOmddht baddieonGaich 0l dal silicate

conposition of claim 10, wherein the silica doped wth netal includes about
2wt %or less of She rieaPli%idal gemrositien oficksm 1 wherein theskblizesincludesd ng a

col | oi dal conpRgkhb9Reompii@dNet hod conprising the steps of. preparing a heel
solution including:a stabiljzer; 30 preparing a silicic acid solution; and
20 mixing and furfher Pheselkaidgl pemrogiionefefain 3i Wherdm ths GateRaY si | i ci ¢ aci d

solution ty fQmLPdINAS £@lateRiaflBimifOnposi tion. 13. The nethod of claim 12,
wherein a netal - is added to the heel solution. 14. The nmethod of claim 13,

wherei n the colloi &al cBKseaidal gempositipn efeiaim hgwherein an amount of the

stabilizer correlates to an amount of the metal.

6. A colloidal silicate composition doped with a metal comprising one or

more silicate particles doped with a metal wherein the metal is dispersed within one or
15 more of the silicate particles.

7. The colloidal silicate composition of claim 6, wherein the metal is
dispersed in a controlled manner.

8. The colloidal silicate composition of claim 6, wherein one or more of
the silicate particles includes a layered structure.

20 9. The colloidal silicate composition of claim 8, wherein the metal is
controllably dispersed within one or more particle layers of the layered structure.

10.  The colloidal silicate composition of claim 6, wherein the metal is
selected from the group consisting of an alkali metal, an alkaline earth metal, a 1*' row
transition metal, a 2" row transition metal, a lanthanide, and combinations thereof.

25 11.  The colloidal silicate composition of claim 10, wherein the silica doped
with metal includes about 2 wt % or less of the metal based on silica.

12. A method of forming a colloidal composition, the method comprising
the steps of:

preparing a heel solution including a stabilizer;

30 preparing a silicic acid solution; and



5 stabilizer and a silicate doped with the netal such that the stabilizer
and the netal are dispersed within one or nore particles of the silicate.
15. The method of claim 14, wherein the silicate doped with netal includes
about 35 wt %or less of the netal based on silica. 16. The nethod of claim
12, wherein the colloidal conposition is further 10 processed to forma
crystalline structure. 17. The nethod of claim 16, wherein the coll oi dal
conposition is further processed by heating. 18. The nethod of claim 16,
wherein a netal is added to the heel prior to crystallization. 15 19. The
nmet hod of claim 18, wherein the coll oi da? conposi tion includes a zeolite.
20. The nethod of claim 12, wherein the stabilizer includes a quaternary
am ne. 21. A met ho@ix3¥ apg furh picPrepeesielthy hegl solyrien andithe ispstd solugien tot he et hod

20 conpri si ng g famsiMBRabmpBYiRari ng a silicic acid solution, a netal
silicate solution and an al Ea |ine solution; mxing and further processing

the silicic acid sh utilbamsthed pfdaimdRayhessin 3 matakis addse ta thebeelsolytiophe al kal i ne

solution; and 25 fof m nge ARMoPES A 3 SWhekGRthE c AR dal @dnﬁ)%sﬂ&pﬁauwsm a met al
wherein the netal is di spersed within one or nore the silicate

particl es. 522 stalifjger gt huliratsrdopedayith the metghruphethat th%&bﬂ@ﬁraand@ i pEr sed in a

controlled ”%F!;P&Eed vAtin o‘gggrgg{e@%d@;oﬁﬁeagﬂmhgl wherein the silica particles
doped with metal 30 include about 2 wt % of the nmetal based on silica. 21

24. The nethod of b ai rihemethghatdin lf‘h‘éheﬁ%*! e sificatedoped b metabinedis gr oup

consi sting of 264t 84 Kedsior 8§ Hihe ARlaldhicabh Biicsearth nmetal, a 1 S1 row
transition netal, a 2"d rowtransition netal, a | ant hanl de, and

conbi nati ons t her ebﬁf Ahe mathadphddmdR. whskin e polleidabeompesitionis fsten, net al
within a ngtalrdcoRdab RS crystalline structure.

17. The method of claim 16, wherein the colloidal composition is further
processed by heating.
18..  The method of claim 16, wherein a metal is added to the heel prior to
crystallization.
15 19. The method of claim 18, wherein the colloidal composition includes a
zeolite.
20. The method of claim 12, wherein the stabilizer includes a quaternary
amine.
21. A method of forming a colloidal silicate composition, the method
20  comprising the steps of:
preparing a silicic acid solution, a metal silicate solution and an alkaline
solution;
mixing and further processing the silicic acid solution and the metal silicate
solution with the alkaline solution; and
25 forming one or more silicate particles doped with a metal wherein the metal is
dispersed within one or more of the silicate particles. |
22, The method of claim 21, wherein the metal is dispersed in a controlled
manner.
23.  The method of claim 21, wherein the silica particles doped with metal
30 include about 2 wt% of the metal based on silica.



5 silica colloid, the nethod conprising the steps of preparing a silicic
acid solution, a netal silicate solution and an al kaline solution; and
selectively adding the netal silicate solution and the silicic acid solution
to the alkaline solution to forma colloid of silica particles containing
the metal. 10 26. The nethod of claim 25, further conprising adding the
netal silicate solution before the silicic acid solution and form ng the
colloid of silica particles wherein the netal is dispersed within an
interior |ayer of one or nore of the silica particles. 27. The nethod of
claim25, further conprising adding theggilicic acid 15 solution before the
netal silicate solution and formng the colloid of silica particles wherein

the metal is dispensed WiedMmbddfcraitl B, whe¥iftheFhetANscREdREA tRf grédpe silica
particles. 28. The method of claim?25, further conprising addi n% the et al
n

silicate sol WopyHingafien Helignqtalanalkalinesadipmeial v 1o tERsien Betalat ng nanner

and forning th%wcaqhdlﬁnndnetaoamthas]udel&:ac&ﬂslhatﬁhﬁtaer@@fw ng a netal -containing
| ayer and a non- rret al containing The net hod of claim 28, wherein

one or nore of the?sil |é@eﬁﬁﬁpfzqns@Yng%'em'a@efaam?taly*éfhéua@ﬁ%@p@r@gt hat has
the non-netal GRRtAINM, i R codlhsRRIR&PEof:he nmetal containing layer in a

repeat manner. preparing a silicic acid solution, a metal silicate solution and an alkaline
solution; and
selectively adding the metal silicate solution and the silicic acid solution to the
alkaline solution to form a colloid of silica particles containing the metal.

10 26.  The method of claim 25, further comprising adding the metal silicate
solution before the silicic acid solution and forming the colloid of silica particles
wherein the metal is dispersed within an interior layer of one or more of the silica
particles.

27.  The method of claim 25, further comprising adding the silicic acid

15  solution before the metal silicate solution and forming the colloid of silica particles
wherein the metal is dispersed within an outer layer of one or more of the silica
particles.

28. The method of claim 25, further comprising adding the metal silicate
solution and the silicic acid solution in an alternating manner and forming the colloid

20  ofsilica particles having a metal-containing layer and a non-metal containing layer.

29. The method of claim 28, wherein one or more of the silica particles

includes a layered structure that has the non-metal containing layer disposed on the

metal containing layer in a repeat manner.



