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joint formulation. Thus, there remains a need to find a material that has a sufficiently
low viscosity and low coefficient of thermal expansion such that it can fill small gaps

between chips and substrates.
BRIEF SUMMARY OF THE INVENTION

The present invention provides a composition comprising functionalized colloidal

silica wherein the colloidal silica is functionalized with at least one
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It has been found that the use of at least one epoxy resin, at least one functionalized
colloidal silica, at least one cure catalyst, and optional reagents provides a curable
epoxy formulation with a low viscosity of the total curable epoxy formulation before
cure and whose cured parts have a low coefficient of thermal expansion (CTE). “Low
coefficient of thermal expansion” as used herein refers to a cured total composition
with a coefficient of thermal expansion lower than that of the base resin as measured
in parté per million per degree centigrade (ppm/°C). Typically, the coefficient of
thermal expansion of the cured total composition is below about 50 ppm/°C. “Low
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Preferred epoxy resins for the present invention are cycloaliphatic and aliphatic epoxy
resins. Aliphatic epoxy resins include compounds that contain at least one aliphatic
group and at least one epoxy group. Examples of aliphatic epoxies include, butadiene
dioxide, dimethylpentane dioxide, diglycidyl ether, 1,4-butanedioldiglycidyl ether,
diethylene glycol diglycidyl ether, and dipentene dioxide.
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where M'has the
polyfunctional epoxy resins, divinylbenzene dioxide, and 2- -glycidylphenylglycidyl

ether. When resins, including aromatic, aliphatic and cycloaliphatic resins are
described throughout the specification and claims, either the specifically-named resin

or molecules having a moiety of the named resin are envisioned.



M has the formula: (Z)R22Si O 112, D has the fornmul a:
R32Si i 2, D has the formula: (2Z2)R4Si02/2, T has the
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pre "fvention is intended to designate both
normal al kyl, branched al kyl, aral kyl, and cycl oal kyl
Mr aebite@fgmulMer mal and branched al kyl radicals are
preferably those containing in a range between about 1
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propyl, isopropyl, butyl, tertiary-butyl, pentyl,
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are preferably those containing in a range between
about, 4 and about 12 ring carbon atons. Some
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-radlcals i ncl ude cycl obutyl, cyclopentyl, cycl ohexyl,
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R°SiOsp,
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and Q has the formula SiOy/,, where each R RL R} R, R%is independently at each
occurrence a hydrogen atom, C.pz alkyl, C;.5; alkoxy, Cs.00 alkenyl, Cg.14 aryl, Co.02
alkyl-substituted aryl, and Cq., arylalkyl which groups may be halogenated, for
example, fluorinated to contain fluorocarbons such as C,.p; fluoroalkyl, or may
contain amino groups to form aminoalkyls, for example aminopropyl or |
aminoethylaminopropyl, or may contain polyether units of the formula (CH,CHR0),
where R is CH; or H and k is in a range between about 4 and 20; and Z,

independently at each occurrence, represents an epoxy group. The term "alkyl" as
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bet ween about 6 and about 14 ring carbon atons. Sone
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~ Organoalkoxysilanes used to functionalize the colloidal silica are included within the

formula:

(R"),Si(OR%)4.,

where R’ is independently at each occurrence a Cy.13 monovalent hydrocarbon radical

optionally further functionalized with alkyl acrylate, alkyl methacrylate or epoxide
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di butyltin dilaurate, or conbinations thereof. The
functionalization of colloidal silica nay be perforned
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the pI§I ?the transparent pre-dispersion. “Transparent” as used herein refers to a
maximum haze percentage of 15, typically a maximum haze percentage of 10; and
most typically a maximum haze percentage of 3. The resulting pre-dispersion is
typically heated in a range between about 50°C and about 100°C for a period in a

range between about 1 hour and about 5 hours.
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Substantial renmoval of |ow boiling conponents is
defined herein as renoval of at |east about 90% of
wo b4oe2ed anount of | ow boiling conmponents. |PCHUS®03/036198
i nstances, the pre-dispersion or the final dispersion
of the functionalized coIIoidaI silica may be further

5 Low o(t on%ﬂ are | east
- ThE R PR ARl R e BN ok Rer g e orica final
dlﬁ}ﬁq\i’ﬁbﬂﬂ gf eug Fmictionaizewicblloing %ﬂlca‘MytaHdltlroﬁ%f duablehpgipxy!
functionality of the functionalized colloidal Silica
mpgora%rél 8F okigpragys apdvepiinnally naere ahg@tllgéplmetrwbmb otaybe@8ected
t
fig BP it RO ssborthE b 8 2Rl P iSHD-2-propyt

acaiasp mlmmnan&mmmmtldne feyalf. Thislfel dieedrkion 9f §RMIMIRALISzZed
@;.C{éﬁeﬁ herel nrefers to renoval of at |east about 10%
glipngy be gipfgh iviGracidar baes ot Wigh KBrAFeRANgE Sesingrigl remove

ao?dl@f){aﬁa'%m ﬁngptﬁttleé.e?ﬁlg RS elZS? e@lf tht Rctih ze% ?&Polf@atl s ca is

I ow boi | conponents. ctive aroun
theiy emtcemaqssd tider afvaeuotn mtaﬂang@bbtwed:ﬂ o). 5Shdri aal @bdt 25 0

ca d functionalized colloid silicais defin
PG MR RORE 1 LroEs SRk oeb1ont AIC ahd avest 140°6Hip ch

su%Etalllt%ﬂﬁltreﬂiQV@ a 1%&%@1% ?r%polnﬁlﬂ§%uch2ag%bla/rg}g§(§ﬁ31dual waer, and

preferably at ["east 35% ree hy grou
cqn@m@mmsﬂmﬁnﬁeag&eanmaﬂmmﬁmdgp@ﬁ@&pﬁé@xmumﬂtedndhn&ﬁdﬂma

dal silica h ve .be functi ized b eact.i on
ln\ﬁ CtUF]a%g %pé)&k;l (B]Og&é, ere1 eg‘ Otaﬁ é?}ﬂ]&L(&({IﬁCBIH#?C&%EPCYSIOH
Subetahfildamosallof téw Bfnfhﬁg R:bMFbﬁénts' 1TRERYRIShek IR af Hnfoval offf Geast
total curable epoxy fornulation by inproving room

abouh B¢ af thedotst appyritof layy beilieg egrorgnentsy mul at i on.
For mul ati ons which include the -8 WD 2004/ 048266

f :
I Rt T L PPRAbr b LR b fagea
collnaal silicd mgpbs firgerrinatiomiised. Lo betiing lkempohdnes atakbt least
siI ca has, no een ¢ ed. Exenplary ca ent s
AlviGmo HWF’ SCUSID) PR anRrRA Sy Wg@lgﬁ W@h 545t mgth
reﬁ@ﬁﬂ th§drofafint@snaliy oF tsd fuﬁ&tﬁfﬂaﬁ%cﬂgﬁlﬂidal aabadeddlih an
are not limted to  hexanet hyl disilazane (HVDZ

QR Hetangs bietsiepmatone 0-0ditimasphd ebow ottiphagithe amewm ef silicon

dl% ???f&/ér{tﬁﬁ 'ﬁ% Pgéh %hy?%gﬁﬁdés,peis_lon. Partial removal of low

boflinrg cortponksts by héadmecéﬁnz odf@s td fetoRbhof ltﬂa@tfab‘éhi B0Y8 of the total
pent anet hyl di si | oxane

hi d I
a5t GO SRR EGd Dro{Eiab e ALlgas: APt JDXeBe el
anho?mt BERw NSRAEH rﬁnt"sa%%eefﬁ@ﬁ\y@aﬁﬂoﬁﬁ %EE lréegg &@Et c%??ﬂlte

40C for a period of tinme in a range
fumct@nhbmdscoanmlah&;bm andigapierdrfgnctifinelizeglsuol lbaiat sﬂnaxxs defindds

re-dis S I th
el e Bt R Pt b0l PRBa 1 SREN 3L RRD % pET5 - Shvshlsie
© 2008 nasid 9ﬁbfélﬁblfy% Baktss 94, iofidle %@@@f&dﬂ@rouﬁ@ﬁre%%ﬁ%@ of
the functionalized
corresponding uncapped functionalized colloidal silica have been functionalized by
reaction with a capping agent. Capping the functionalized colloidal silica effectively
improves the cure of the total curable epoxy formulation by improving room

temperature stability of the epoxy formulation. Formulations which include the



colloidal silica in the curable nononer is

concentrated at a pressure in a range between about
w@2®4/0e8266 and about 250 Torr to formthe final PCT/US2003/036198

concentrated dispersion. During this process, |ower

boi l i ng conponents such as sol vent, residual water,

o BHRLBGHEY TP BuRTRRLD S AOSRLy R SR Rilheefr P
then! Bl ik Erina14tRAS WeFhich theddliBidal gllt@ﬁdpﬂofﬂgeén%ﬁ ed.

curabl e epoxy formulation, a cure catalyst is added to
the final concentrated dlsper5|on Cure catal ysts
Expopdary capring aganﬁngelﬂld@ hedreil agactitie apesialsepelkgs silylating

AT T Ry ) AR L1

ween a nm and
hwbmaiﬂw]ﬁﬁl%ab%w@]l\@]bl) (Détrahﬂﬁnﬂdltsﬂ?dzaﬁu fdakihyltegrpmétyldisilazane,
for atio cat al ysts jnclude, but

digheny Btfam?tﬁxlélégg%aaeaﬁ (hm%la%f%ley@éteéhsémwea%
(tt@r‘n@tﬂ Déiljfl‘}’i%ﬂéiéf@ %Etﬁyl@ﬁloﬂ;sﬂ?ﬂes Qﬁgﬁ%&ﬁﬁﬁﬁ%lgﬂ&%' um

hexaf | uor oant i monat e, (octyl oxyphenyl
pqntwmlh»l dl@d@wmamnkie:mafoﬁlmpmﬂwnenﬁ n’ﬁlteetradsparamtwl $peThooni is then

tetrakis ntaflu borat i ar ul. phoni um
e & e LD AREN DRLC AR ARRR 101 ﬁ@frérpaﬁpi fyijg in a range
be@@ééﬁ' okt 6.8 hemkglaﬁa w(l)dt q@ @lehllémﬁ@ Irésuu&a&tﬂusmaé {¥therPRitered.

fective amount free-radical generating
If mg@mwm W& ra@mi@bwah thetreppipg iagara at deaigeetcusabidepssy

t. k th
N L S A
collefdar étit tﬁ@trm@buedncﬁr@ﬁiek ist RheEnt ARLIONR Y8dsbir®n #Fan@Bi UM
bsalt at | ower erature. -9 WO 2004/048266

BB 6@@1@9 i 2oRaors to farm dsoiapl pencgimded digeaysion.
DAL 8¥%sh GoRe ﬁﬂg; ﬂo%@%ts gﬁd}{‘e@, BHSAL PesPIt Phter,
nt Iréty are

conﬁoun i ni'ng roxyl nol
byprc&metstof ds @pp1ngrmgéntraadg@drb3ylvgrd>¢ps eﬂcbﬁ @ppiag agdm) andt .

In.these, ca s, my be selected from
“Wgﬂ?%ﬁysgﬁﬁ%ﬁauﬁﬁﬁﬁﬂ@“ %9??% t%at i ncl ude but are

not limted to am nes, aIkyI substituted i m dazol e,

Iniofdedtag @driniie $ethit @rabméwgﬁﬂb ifv@silatioR @bursahiaByst 8Added to the
conbi nations thereof. A preferred catalyst is

final pojieeniyated Hisapimione Cuta sajalystnacgaleetecurng of thaviotl gyrable

B B B ST 0 ol 8 R 10 e
pet nﬁl-lm}ac(plmhkmaham)iuc B0 oy et ght afi h‘yedbﬂadﬁ;rable epoxy formulatlon
bl C (%[cg%qaé%lgs? }n_ffuﬁg,g}ut greéa;% Igl(l:tgr gq? XX llalfﬁg%rl]}l(q dsrulcltil gs

blﬁ?ﬂYcﬂfohﬁlﬁi sal3fe. Eatlnb(go@é'&gbbﬂéﬁ}qﬁ@dd?ﬂﬁlﬁ WBkdfivotdantimonate, -
di anhydri de, hexahydrophthali’c anh de

(oelfdune&mhﬁpb'h @h@tﬁ}ﬁ)l@dcmnmy ¢xacﬂ1elorqanumpoatgrms$aeylmdanm;rdr i de,
teté%l% (t{)ﬁneaf:luq(ro %Xf I c?r%fg tltlae { fs@lg)i'] 1?15&%% h%'flh I%g%&n%ﬁgwqﬁéreof
Preferably, the catalyst is a blsaryhodonlum salt. Optionally, an effective amount of a
free-radical generating compound can be added as the optional reagent such as
aromatic pinacols, benzoinalkyl ethers, organic peroxides, and combinations thereof.
The free radical generating compound facilitates decomposition of onium salt at lower

temperature.



anhydride curing agents may al so be used. Illustrative

exanpl es are described in "Chem stry and Technol ogy
wobootiogs2Epoxy Resins” B. Ellis (Ed.) Chapman HatT/pS14esn36198

York, 1993 and in "Epoxy Resins Chem stry and

Technol ogy", edited by C. A May, Marcel Dekker, New

Yor k.. 2nd edl n, 19 les f or.gani c.co
OG- Ao ORI T8O R AT 2 RAREC Gt A0 an
orPArSPEaARd c-'c;ﬁﬁln%ll meo@n ﬁiméwreq;%es%hf & ibnahaddants with

ranched or cl phatic and . = may contain from 2
th@ @urst Ratghish dnt @mses Eiémmltaéﬁt&)mas be belenites) Somayicad epeHt
curln% c&g]tystﬁ thaml%c ﬂdefu‘b fgltgpyk gﬁlgte(gl J % nes,%?l%@éhl?s?ﬁltgci i 8112016,
infida7elityl salts, %h&p@ﬂﬁm&nﬁaldalts %n&bbmbmaﬁoﬂﬁith&ybf A preferred

1 3-propane_ di ol ; - and_ 1, 5-pentane diol;

- calplyst gyiphsw] @We@me aikmmﬂzolfa o7 hWRITAIRLACEHYb poctonate.

1, 6- hexane di ol ; di met hanol decal i n, di net hano

)&'n@i&'y AnR¥fei- Rl %unﬂg égeﬁmmt;ﬁmﬁauqé Hﬁ%ﬂgfm%hm&bhthyahc .

Icularly its “cis- and trans-isoners; trieth
an@y@ro@l, 1 21q3@®hdmnaduearbowhc aahpdradeprbicpel i 20h ] hept- Smlye 2,(3f

Sk 18P BB IR IRURS S L S

pHiRPic RABYHrRE, Woin@ﬁltlf: Al @ide, MRahydophtBlliddidkedide, D may
be a dival ent” aromatic radical. At |east about 50

dogdeecalstcmic apydrige dichlprgmsdgic anhyprige.shssengdieaniydidei c

B e R

anhydiide duging ragens may akdo balused. Rileftetiabbysmideh@s dedeeibed in

“Chonyoty s Tretmalony ok Bp @iy ekl B BV (B pingh Bisy, New

Y&%Cbﬁsarﬂhﬁ nubmesms RIRML BN BREnolBAPYEMKIEN. £ May,

be an al kyl eéne or al kyli"dene group stuch as
Mmh@tléwa New WptleRed edidpmyl988ene, propyl ene,
propyl i dene, isopropylidene, butylene, butylidene,

E){@‘?ﬁ&éyfl orga 1c up%ﬁﬁngg]gontﬁﬁ%k 'hgigﬂ?&yl I%Hl%t}) oy Iaﬂ(gl?&ﬁols and

bisphenols. The alkane diol may be straight chain, branched or cycloaliphatic and

may contain from 2 to 12 carbon atoms. Examples of such diols include but are not
limited to ethylene glycol; propylene glycol, i.e., 1,2- and 1,3-propylene glycol; 2,2-
dimethyl-1,3-propane diol; 2-ethyl, 2-methyl, 1,3-propane diol; 1,3~ and 1,5-pentane
diol; dipropylene glycol; 2-methyl-1,5-pentane diol; 1,6-hexane diol; dimethanol
decalin, dimethanol bicyclo octane; 1,4-cyclohexane dimethanol and particularly its
cis- and trans-isomers; triethylene glycol; 1,10-decane diol; and combinations of any

~ of the foregoing. Further examples of diols include bisphenols.

Suitable bisphenols include those represented by the formula:

wherein D may be a divalent aromatic radical. At least about 50 percent of the total

number of D groups are aromatic organic radicals and the balance thereof are
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al kyl i dene group, it may also consist of two or nore
al kyl ene or al kylidene groups connected by a noiety
waledokoueené from al kyl ene or al kyl i dene, such aBCHEDS2003/036198
aromatic linkage; a tertiary amno |inkage; an ether
Iinkage a carbonyl |inkage; a silicon- containing
nkage such as si)]ane or sjloxy, or a
sliglyient it dr AR e ORgaRY e adicels. RieforghiDs Pes the g the
fouisul fone; or a phosphorus-containing |inkage such as
phosphi nyl or phosphonyl. In addition, E may be a
cycl oal i phatic group such as yclopentylidene,
cyclohexyl|dene 3]3,5 trbnethyl ¢l ohexyl i dene,
et hyl cycl o-| h6X Vi (R2p[ p. 2.|19¥ b pycl ohept yl i dene,
neopent yl i depe, |cyc|op niadecyliddne
cycl ododecyl] ganantylli delnel R9 represents
hydrogen or | nonoyal ent hyfrogar bon| group such as
al kyl, aryl,btaral kylt, lycl oal lgyl, or
bicycloalkyl The term "al kyl" is intended to
desiggate bot h straight-chain alk and branched al kyl
whezgip |r§preepeaﬁngeﬁ@m%trragrﬁuemf @rs@hewé@wablrebrnxl%?ar 4 s
naglgtﬁgl@ﬁ 5‘?&?'% a%@%n?%?%%ﬁﬂ% gﬁﬂﬂoﬁ@?iﬁet}%ﬁ@ @ff?ﬁé’ﬁe

e as ustrative

ethydidend, mdplyfege rexpytiokens ismmmlldmbw eng W@PW

sihffont SEblR- R BT Ry SRS i e o

allBeyd grdtp it @by blso CHEiRof Blo B @Y Mafikiel or alldBieR Foups

represented are greferably t hose containi ng from about
coanetc@eddbbqrmom diflgeent Gamppdiylencormplinilidpneg sychag an aromasic

hnﬁ% 919 ryaatn%% hl'n?asgm rpgtﬂerqfnkﬁ%%% ca}b?) gﬁﬂtf(tagé%ys[ﬂlc%gpe

: =
QD
=
B
W
o

ustra ivé non
coﬁaﬂilﬁ:@hﬁkagﬁ cldhos silyied @ilbyy;, or agyfluopeitdiying Imy@gemlue]xyd

t hyl cyc] ohex and cycl oheptyl . Preferred aralk
supilgi %ﬁfogdea?les%%@re Paﬁﬁr%gcorlra&mleﬁslﬁﬁgerufflbasalﬁlaﬁlfhmyl
or?p‘ﬁo%%gﬁn 1R Bon tEhr?ﬁﬁbé he d!gﬁrphg’t'i’é gr%[rﬁ s‘ﬂ@ﬁ as i mted

benzyl, phenylbutyl, phenylpropyl, and

cyplheﬂyyledemw cyclohexyhOe®0 648, HaBaeby PETphussh ek om6thgR yto-

he%ﬁ%de?lg,d?@flll g—glﬁ:gﬁ;}{)ﬁ%}?}aldaeﬁ? Iqeél]ger | qglregb:ggc 0]%%1121({%0}711 ehg €,

cytlotBddeyli @i hd a@a@ﬁ@t@)ﬁdéﬁéC fR9 aéprE&nﬁ;b@f‘dﬁ)ge@ br @ﬁmﬁbk’ﬁm
roup such as OR wh ? ?
hﬁfocaéaomg@qﬂp;ﬁush at dklowrvi ﬁ@&lkwﬂ alky, ﬁxs,cg@alkxloordwc oalkyl. The

tellﬁpaegiﬁmiseﬂtegﬁe& {3 e&%ﬁ% %Brhsstarg%r: bil ﬂa@ﬁ%r%g Bk

repare yester  car bona
radiodilsr spmgh‘edtam amiyoralmhe@ e}kyf radrca]aratcb pmafdrabdy thgse emaining
vai | abl e for

thr th er of osrt }
rrg pEY LU PBR Sogareagr Bt abd Ml g B fra S Enerhe
exhﬁl@leld ¢ig pmm i5dproma bt eteﬁrarrpeﬁtyp fheR9B nbdns1 AexH, octyl

abl'e f substitution; "t" represents an inte

deerqluamd dqﬂeayl rﬁéalsnadlsﬁé inclye 1:rh§naéuanﬁ &olykz eyslaor bisaeloa M]d
radiCals rrc%%s%ﬁt%g b I%Qf)éra'bw e cdn&(ﬁl]ng '53¢h £50uP3 to about 12 ring
carbon atoms with a total number of carbon atoms less than or equal to about 50.
Some illustrative non-limiting examples of cycloalkyl radicals include cyclobutyl,
cyclopentyl, cyclohexyl, methylcyclohexyl, and cycloheptyl. Preferred aralkyl radicals
are those containing from about 7 to about 14 carbon atoms; these include, but are not
limited to, benzyl, phenylbutyl, phenylpropyl, and phenylethyl.

11-



In the aforenentioned bisphenol in which Dis
represented above, when nore than one Y substituent
WO g00proeent , they may be the sane or differentPCHUK2003/036198
exanple, the Y substituent nay be a conbination of
di fferent halogens The R9 substituent may al so
the sanme or dif i f._nore th n one subs uent
|f§aypt?eeasléad?genvﬂl§ é’s ﬁ&‘mlﬂ% bE‘E’PIBe ine anﬁdWSt %“é%
* nithd}en BFRIPRLLIEad dlﬁﬂaly%ﬁngl b @FdupYub1PhIRYUaB¥vE Norg alkoxy group
i ntervening al kyl i dene or “other bridge. The osi tions

sugdf ast PR WhedhiioRyis agyplisties aayldroap. thStIhghly arecﬁ@w thatn¥| checiaert
to Blb(iur%alfl%ﬁi:gé‘gxgl € rF%c‘%an\féagﬁdel%% 1nontcrc]>e @ QSSedr{giol%gP Rpdara

e groupi N Vic

poBesen®itdras. The lamf’fremééenfs%@ﬁmt@g& Hitoibn anhi@ER dfndGero
or nore ring carbon atops of the hydrocarhbon residue
- thrgpgh dgmymbereigpsitiophoA andlabledion syhstigiignp .’ rgyetents an

1ntls%éé~|‘f€o§é%1i¢1‘ﬁ‘élgdﬁl%e}d i theelﬁﬁ'ﬁ% g? g@gltlﬂs%rﬁwlﬁble for

r oxy- SUDStitut e romat
subsyitirtena r Yo presimciromegebyqugtous last apety’aseither ei8.or one;
Patent 4,217,438. Solmé preferred exanpl es of aromatic
an |ﬁy¥fPEf§§P R ohpatRsesnPiiding eros, 4
(3,3,5-trinmethyl cycl ohexyl i dene) - di phenol ;

In #herfSrefieAti hed bRspuale iy Whikhap @n@preé&lmaw W@ o8 $han
bi sphenol A);

ong Y subpiugntAs Biessty.-Beysmay hetheyprmaen iffesmspEeeexample, the Y'
su‘%stlﬂ‘lieélgh—ﬂ%g % %éé%‘gﬁ{%ﬁ?y mhe{[ﬁ g%geﬁ?%alo%eils The R substituent may also

be hl}ﬁ:lﬂ’ameycphhﬂﬁgtbl)trrﬁmbm;m one R substituent is present. Where “s” is zero
dr oxy- 5- ni trophen

I
ang 4 nr% ¢ proguatigringy I‘I)l@cﬁ&ééﬂlft?ﬁ‘y’b‘ﬂ“e%}q%?fﬂ%e

alk:!yhaéﬁé' c?r(oﬁqéi%gﬂgé( ¥tiaB %Béﬁh)ﬂ%t mﬁ@hydlfoﬂyl BiSifpdand Y' on the
hydr oxy- 2- chl of ophenyl ) et

ar@ndgliciugear yshidngd A mamy@r\@myqb hetdﬂy loythe opetaeor perasigasitions and

thezgrglrl]%)ﬁé{) q{; d%l gz,cﬂf% ﬁir{n'ﬁrgcsﬂglnwaﬂgah éelatlonshlp, where two
or noZe Ang arbbehitoal v -3 deacatbod redi@icraeBibRpitutel, wkith YPh®b
i [1H i ndene]-6,6"-diol (SBI); -12 WD 2004/ 048266
YOV U3/ 036198
2, 2- bi s(4- hydr oxy- 3- net hyl phenyl ) propane (conmonly

Somq}’l‘ﬁst%v%ﬁcﬁmltmg %)?Qﬁﬁl%@@f blslﬁ{égolglﬂch?ﬂe the dihydroxy-

kyl -'substituted resorcinol Most typically,
sulstidutbd sioatiy Hydneygrbensydijghesep bm geius arlspeqirseh &1 8 dhtent

o P SRl PR P BRSO PR s
(3 Breseidth J»lwéwmtekﬁmen& -difRéHol VR, 2 (i garhiyarostiy preanhpidpined| SO
be added to the total curable epoxy formulation to

(cqra@prlydaowRas isgensi 69 #2-ip&-Tydrmposh, ¥ idenethirberyesopare;
2SR SR o Pl ety S0 o <
hyéx_tolxgphen&l—)memyhe ]bls(4dyydkcodye56mm©pﬂmgiﬂ))metm;:, bis(4-hydroxy-2,6-
S B SRS O P S AR Y ] i
hydroxy-2-chlorophenyl)ethane; 2,2-bis(3-phenyl-4-hydroxyphenyl)propane; bis(4-
hydroxyphenyl)cyclohexylmethane; 2,2-bis(4-hydroxyphenyl)-1-phenylpropane;
2,2,2°,2’-tetrahydro-3,3,3",3 ’-tetramethyl-1,1’-spirobi[ 1 H-indene]-6,6°-diol (SBI);
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and conbi nati ons thereof. An unreactive diluent may

al so be added to the conposition to decrease the
wok@aosi2eey of the formul ati on. Exanpl es of unrRemUB2003/036198

diluants include, but are not limted to toluene,

et hyl acetate, butyl acetate, 1-methoxy propyl

2. 2 e SRR g ifhert FEh Sy Rl s pP O

resbRinBY ahd On, slayl-hstitheadedrahsélp. a filler which can
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e o BT e S mpp T P RO ST mAGl B alo
be fusdd ieithe presenymivedtidny present in a range between about
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bafcdem oy e DR oW EERERBI A - RUTal oo G DP A e bl

is ﬁnéye"n@m £RSge BAN&PYuR b Welht thgiEdbut INReiERMAOBAsH Of the
the present invention may by hand m xed but al so

We@ﬁﬁ obtheripiebepratly cpvarrfaamdaini ng equi pnent such as
dough m xers, chain can m xers, planetary m xers,

Ath}%(igl_l ﬁ%ngély%? XhE éﬂgg be Fltnpﬁ)gg ﬁrtﬁeetoia‘? lc{lraBiel Og}g ﬁor%lgﬁtion

ending o present inventio
sugledsf teitiedydr farldsililes (€O MLANMIMOpI®pylatmeBokysilags)Bi nuous

node. Wth a batch node reaction, for instance, all of
. glycidoxypgpyliimethoxysilane, bis(trimethoxysilylpropyl)fumarate), and
combinations thereof used in an effective amount which is typically in a range
between about 0.01% by weight and about 2% by weight of the total curable epoxy

formulation.

Flame retardants may optionally be used in the total curable epoxy formulation of the
present invention in a range between about 0.5 weight % and about 20 weight %
relative to the amount of the total curable epoxy formulation. Examples of flame
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conponents are conbi ned and reacted until nost of the
reactants are consuned. In order to proceed, the

WO e@enis2e has to be stopped and additi onal reaPCEHNS2003/036198
added. Wth continuous conditions, the reaction does
not have to be stopped in order to add nore

F t d i bed t t
refof NN S Bt e B ARl e i) SR PR agDiees
(TiPP), etee@ﬂcfr@n V\%ﬁoé}ﬂiﬁt& (E@E? ORI HeR61Sa-d i8S PRAE ISP AITSP). Sfganic
any device ere wunderfill, overnold, or conbi nafi ons
phqqeltléepmﬂss, heleaeated gpasy Fasin (t@wbmmhlmh@n@lswsmwl axade,

mbl ﬁ&esp asé jnat E'ﬁ’?e?é and el ectri cal
prope |es 0 unps hat typically connect a
chip and a substrate Underfilling may be achi eved by
Thaengommishmd of klreqam«ahtﬁntzh&icmrrhay Bihieand anivedbutonial cafte hoided

of u rfi.lling inclu i spensing.the underfill
bR SRR Uy aﬁeaeteﬁcﬁhﬁa AP SHE B vRjaRstary

miRfEL tﬁag;emoéxtﬁ;her &% Br ﬁtpét roftintif¥h8 hd &, underfil |
mat eri al flow by capillary action under the chip to

fill all the gaps between the chip and the substrate.
Thex plendieg el areyentenveotisn rachaprefonmed inbatchy gditirfiolis, or semi-

CO%IF] ﬁﬁ‘?ﬁ odlP lVGFflq a %Qt%ﬁ rngo lreac\f\%{t,et{)r 1n§tﬁ1§ceer gln d ? ﬁﬁ:‘ lea!tc’tan? nd

The ‘process o

confponeite Srefdohﬁiinedl asfessstodqintih gosnefand ichttas® @&Fkﬁiﬂlstﬁﬁéd In
Orgaterlalg(?n the substrate or sem conductor device and

demEessed- iy ierefipnthae 1 Be Happadang additipplirerstanhgdded. With
cdhlf&sdsicbhdifbed %%Qd%fon‘agéé A& a4 léa by or 4P add more

process of transfer nol under fil inol udes
repdtaids.ng a chip and substrate within a nDId cavity and
pressing the underfill material into the nold cavity.

erfill material fills
RTINS h bl ol Pl ion 9 SrerNEiEba pRRARR n
devikeein aéctro'ﬁhfs sw@f & congedrs, semdehfudtds, g 2By A6EES where
|n%ﬁudes di spensi ng underfill materials onto the waf er

b evermpldpor sophingugraberpeliis netyd 3 Hyderdbengapsugt is used
to'trﬂgﬁ)fréi:ﬂ%{ygfcgluﬁtecﬂ%&ﬁs atna% ecﬂfcﬁwgéﬁgy%k%r H?ﬁﬁgg ﬁlg.t il

structure Via pe operat |
tyfiaenemeedtal chhaaaldtetmlbakmb | Upder6illingl thaygagpshievediby a:mgmethod

KRS O Wt A S L e PR oS RpCU BT Appresi

uneHlIBdaefiall ifjagHle@6r lbéﬁtﬁ‘éxf&ndﬁg'aﬂ)ngctﬁfmoh thole E@g"ég 8F the chip and
Optl m zin envi r onnent al itions such

altomﬂlaﬁla @ fill ragteriad i 8pw by\cepillageacting updes sﬂswtep tq Bll all the
BétWeéﬁ h\égtetgae%ntdgthé %?/o%?rc e wﬁér%gaggla?\ﬂet%ggst {nclude no-flow

Ot entl a
urrtedi, ngnstfhenelﬂe@pﬁddrﬁmwaf'sr lee¢lfundengidl, anditha ltkac TH&process of

NN R SRR T
" substrREoMcthiSBRIINAES ISHE MRS LSRR br g She 4YadribdRp reflowing
and underfill encapsulant curing simultaneously. The process of transfer molded
underfilling includes placing a chip and substrate within a mold cavity and pressing
the underfill material into the mold cavity. Pressing the underfill material fills the air
spaces between the chip and substrate with the underfill material. The wafer level

underfilling process includes dispensing underfill materials onto the wafer before

-14-



cure, mcrowave cure, or the like. Curing typically

occurs at a tenperature in a range between about 50C
wapasaaee 250C, nore typically in a range bet MEBNS2003/036198

about 120C and about 225C, at a pressure in a range

bet ween about 1 atnosphere (atm and about = 5 tons

. pressure. per uare, inc nmore typical.ly i ange .
R et e L R T P A
flig-anip el dpefatioRS | The hbteAblidias IR abilgtyfid AU APy int Mah%falbétmen
occur over a period in a range between about 3
abew SOmaisroan andpenwt 580 ABerPBS.: and nore typically in a
range between about 90 seconds and about 30 ni nutes.

t] | r l; - r:

Th{P SR plerdio r B AAEEREH  OBpRa AT By BRI RHTRE o
m@d Gatin iBRAENMRD otithiziigoalvirgninantalarogditioas sweshras adopdrathizh C

and_about 200C over a period in_a range between about
StOSRIHF: YAl R BELETeS o ? DTSV SERAT, SO RIq B
polteﬁ;c/ig%if%ast. l;’yﬁ)ﬁeda%lg,leclhg g\fdr?@is 8 T b ARG A dfeBpsultit RMReBRhed

, g exanples are given by way of

in b Whatsir, atdfanblgrad a pedcetsyngnaynperdature that dedsinoh ex deXNRIUES00°C.

. The follow ng section provjdes experinental detajls.qn

Afgrangl BB RSttt pied Viadeeth ISPt Biore icargfluvshgcf“

cuft! IHiGBwEHREE Sr ¥f MR, |Cﬁﬁlgﬂ§1?9aﬁf}1 dcR8rst a 8RPeYature in a range
ormul ations that 1 ncorporate these materials. The

betladea abouttSHeC fand blomit 3G0TG hhas typidadly amb irzge betveeen about 120°C

assertion that an advantageous conbi nati on of
and gbRIE LRI f 2 BEFERITP 8} @RNSHPetTITER ARAUL aHRphest; (efmgppegt about
e : . . C
5 QR B PR BB SR A0 Putmopier
anfl ubaitil00@powreld peodduaredath Gisl)i Emaddrisi, osrimg thy typically occur
appropriate functionalized -15 WO 2004/ 048266
VPP ISSG0.8 8 PS8 0N o) S Q3 APl S pnd more

tydi@41Mh atrhiQse Rfw Rl BbMD CRERRI AL a¥bift B0 fﬁﬁﬁﬁﬂé&abhﬁonally, the
spiral flow and | ow CTE. The data al so show that

cusadositgrstilaals canpe pusrmerddst aterhperatsteaibial range ketweami abioat 150°C
formul ati on viscosity are obtained b(y; partiall &{o
angl gbpyf 26 B fpimgyetyricallyib rings deiveen 2pott! sdarndthanta fyover
Gt | | | het S he sanme benefit
al{egl%g H‘ ?n[:btn:éghgt pargé%ig}? l@(l:}égldr?deé uc??gﬁurgnd accept abl e
spiral flowis also exhibited by resins based on the
In oajep ot thost slollethin thé kit sall rabettdrabls, to Exastipt the present

inir B0 B &S SHETIE 1o RivEE By SRS Rl iin oy gy way of
likigge@dnt 0 prepare functionalized colloidal silica

pre-di spersions with the proportions of reagents given
in Table 1. For exanple, a

EXAMPLES

" The following section provides experimental details on the preparation of the
functionalized colloidal silica samples as well as properties of epoxy formulations that
incorporate these miaterials. The data in the following tables substantiate the assertion
that an advantageous combination of reduction of Coefficient of Thermal Expansion
(CTE) and preservation of material transparency can be obtained with the use of the

appropriate functionalized colloidal silica. Resins with appropriate functionalized
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m xture of aqueous colloidal silica (465 grans (Q);

34% silica, Nalco 1034a), isopropanol (800 g) and
wQ@b@aphs2sé net hoxy silane (56.5 g) was heat ed apdI/UuS2003/036198

stirred at 60- 70C for 2 hours to give a clear

suspension Table 1: Functionalized Colloidal Silica

r.e- erS|ons SO | (
colpgal Y R T B g b RS e Dhons S mis asseppiig spirel
fkﬁﬁﬁmﬁbW33¢32306PTNE#** (33.0) 4500325ECETS**** (53) *
MAPPS is 3- (nethacryloxy)propyltrlnethoxy5|lane *x
PHTS i s phenyl tri met hoxysilane *** GPTMS i
Thy dets| ajx9) @@Wéﬂ@ﬁ?ﬁ?@tﬁl HEPIRYSIyNtS Hrike svabﬂltEQ:EnSIaﬂ gormulation

Vl&gglﬁ' afrg’ ogtaﬁfggi%r:b\éﬁ a(ﬂg%x %‘dl&r é]ﬂ%bg i e%%&?&%ﬁ%é ;I;ﬂ?sﬂlca

room t enper a
bykxaniph Gwﬂh heRambﬂwmﬁsﬂammf Tlﬁd.lmiel m’naﬁu meﬂmctﬁinlsparet&iy CTE

i l.ica dispersjons |on( anpl e 1) was
‘%108% WCFPuta F%Bljftt)ls51 °r“é‘ } he PM TeS| ke capped

coﬂsi%hlrblﬁéa%t@ﬁwsmem Cal Conpany (Tables 2, 3) and
1- hoxy- 2-propanol. The m xture was vacuum stri pped

at 75C at ImTHg to the constant V\IBIghtdtO yield a

%%?e*ﬁl'il% senip ﬁﬁgaédtl%f’téﬁ#d e i

préMRﬁdl@ﬁﬂi MchBé.pﬁ»prBﬁQ 00réad gk fi%en in Table 1. For example, a
mixture of aqueous colloidal silica (465 grams (g); 34% silica, Nalco 1034a),

isopropanol (800 g) and phenyltrimethoxy silane (56.5 g) was heated and stirred at 60-

70°C for 2 hours to give a clear suspension.

Table 1: Functionalized Colloidal Silica Pre-dispersions

Entry | Isopropanol(g) Nalco 1034(g) | Additive(g)

1 546 403 MAPPS *(60.4)

2 800 465 PHTS** (56.5)

3 314 230 GPTMS*** (33.0)
4 500 325 ECETS**** (53)

* MAPPS is 3-(methacryloxy)propyltrimethoxysilane

** PHTS is phenyltrimethoxysilane

**% GPTMS is 3-(glycidoxypropyl)trimethoxysilane

*ax% BCETS is beta-(3,4-epoxycyclohexyl)ethyltrimethoxysilane

The resulting mixture was stored at room temperature.

Example 2: Preparation of functionalized colloidal silica dispersions

The pre-dispersion (Example 1) was blended with UVR6105 epoxy resin and
UVR6000 oxetane resin from Dow Chemical Company (Tables 2, 3) and 1-methoxy-

2-propanol. The mixture was vacuum stripped at 75°C at ImmHg to the constant

weight to yield a viscous or thixotropic fluid (Tables 2, 3).
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Properties Yield / g2726.830.4111111.2 % of Functi onal
CS22222145. 545. 447. 2 Viscosity at 25C /
we RBIBIENDTFTFND Vi scosity at 60C /
cPs2920*1450*410*5960*346*189* TF - Thi xotropic fluid
* - spindle # 52, 50RPM Table 3 Run nunber 7891011

Reagents / Pre-dispersio
Pre-di spersion (table 1,

%@h{er

le 1,

entry

PCT/US2003/036198

2) 31015

4) 3030272015

1- Met hoxy-2- ro anol 3030303030 UVR61056. 436. 466
R PG Propertyes [viepd 77 g13. 7T LT 12N %of g
et Tonat—€S45—247-345- 45021 Vrscostty atF 25 €+
¢ PsTFNDTFTRGEL\i-seosi-ty—at1666—+—ePS6001579282360ND
Reagents 18 ot rodic fluild * - opindle [# 52  S0RPM - 17 W0
BlawgimbieaB 268y BT/ 382003/ 386198 Banyll e ¥a: |Pr %ar at i 6P
Blaid (sdbdbl,lenpgd)|f uncti dnal i zed col | oildal sillica
1-Me®pey-8iResandl [25G0m ||l i 130t er| (rB0) f|l asio wals cltar ged 30
UWRETsS0 g of pre-di sper sj4ons (Byanmple 3), [50 15 of
UV mhox;: 2 R[op‘a‘lgoi ana7u 5 g‘@f_m'?_asi resi NSs (Tablg
=) re—mxture—was—sit 1 cu dl UG Al Ul l IIUUI Lire
Suspensi-er—was—bl-enrded—w-t-h—56—g—o6f
Pl‘qpﬂ’i‘ﬁﬁny\/ 2-priopanal | and 2 g Fglifp(r\ 545 coolled
YildWE to room tlenp¥r atlur26-8nd f80-ferled. [1The] rekul t ngl-2
% df BpetishdrCOf [f urt2t i dnald2zed cdll oi|da#s.§i i cdSdas| 47.2
viRklositglah snct/kpdi2 gref \UVRGL0S Dew TF TF ND
Viscosity at 60°C / cPs| 2920* 1450* 410* 5960* 346* 189*
TF - Thixotropic fluid
* - spindle # 52, 50RPM
Table 3
Run number 7 8 9 10 11
Reagents / g
Pre-dispersion (table 1, entry 2) 3 10 15
Pre-dispersion (table 1, entry 4) 30 30 27 20 15
1-Methoxy-2-propanol 30 30 30 30 30
UVR6105 6.4 3 6.4 6 6
UVR6000 3
Properties
Yield/ g 11.7 11.4 11.7 12 ND
. [% of Functional CS 45.2 47.3 45.4 50 21
Viscosity at 25°C / cPs TF ND TF TF GEL
Viscosity at 60°C / cPs 600 157 928 2360 ND

TF - Thixotropic fluid

* - gpindle # 52, 50RPM
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Chem cal Conpany and vacuum stripped at 75C at | nrmHg
to the constant weight to vyield a viscous resin
W@ Tabloes2dg . Viscosity of the resin was neasur ePCHUSDBIN36198
i medi ately after synthesis and in 6 weeks. Exanple
3b: Preparation of stabilized functionalized coll oidal
wi th 50
ispersions

mat hoxy 2- propanol and 5 g of baS| c aI um na (Tabl e 4,

A Bothiile) (mlﬂﬂ@smmq él{aﬁge‘d@ﬁth 50 & bf fR-AépefP6H¥ (Example 1), 50 g
tenperature for 5 The suspensi on was bl ended with

of Gneghasty- &prmm@@wﬂé ga@ﬁ@éwcxpsw@ahleg*)&hq mEtug 5 gHged

o L 068 PRSP S PSRRI gl OESIEL b o
an@ BRGR® 540mnany d@xMtonBSﬁH F&%{uﬁ’@&ﬂi Bikerd ® TratedulTH0

to the consfant weight to a VvIiscous resin
dispdraiphef fyncElnbalized 6)lloid4l sdma IV\tay bmdedhwithd8igpfldgR6105 Dow

CHRBBRLCOmRRAT AEvUTPrSRFAE, BLCoT WD 9 B gorstint weightto

yleHJJ]QtSéC\%ggHC b?eoit) %s"%@%gﬁdf‘th?cx%sﬂ'&%ﬁé%ag@gﬁ gﬁzs%'éo m

nnﬁnedlawn}ﬁtel)syntﬁwﬂs iddendesicked anount of ammoni a (Tabl e
5, Entry 17, 19, 20, 21) or trlethyl am ne (Table 5,
d ! (

t Y05 a 0N Q ; 3 ¥
W|th 50 g of 1- et hoxy 2 propanol and 12 g of UVR6105
A %Q‘l@m W cha@emmysoag]@fpfa@wmsﬁhg PResh1atl), 60§ -

to the constant weight to a 'viscous

meﬂ@scw-pwmgnw goff betie alue@nah(mb %@@ﬁurlébi Tae npigtyre was

sirs L bhgee Faberen S ¥y TR DodM0isk s HfRd wiarsh 801

meﬂﬂﬁfgﬁzf BrdbSdet hhd 6 C;F@ﬁﬂsﬁ%sﬁﬁar{d fﬁfeeecﬁ THE edsGitiap dRPeRRHRIS0
Ta 1, entry - Met hoxy-2- ro anol 5050505050

furBaQil%IZRéfy@lﬂméﬁéFbw Wmd%wg@vmwmws Dow Chemical

Company and vacuum stripped at 75°C at ImmHg to the constant weight to yield a

viscous resin (Table 4, Entry 16). Viscosity of the resin was measured at 25°C

immediately after synthesis and in 3 weeks.

Example 3c: Preparation of stabilized functionalized colloidal silica dispersions

A 250 ml flask was charged with 50 g of pre-dispersions (example 1), and the desired
amount of ammonia (Table 5, Entry 17, 19, 20, 21) or triethylamine (Table 5, Entry

18). The mixture was stirred at room temperature for 5 min. Next, the mixture was
blended with 50 g of 1-methoxy-2-propanol and 12 g of UVR6105 Dow Chemical
Company and vacuum stripped at 75C at ImmHg to the constant weight to yield a
viscous resin. Viscosity of the resin was measured at 25°C immediately after

synthesis and in 3 weeks.
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Amount of
Properties Yield

WESNDAORE 535. 133. 3 I niti al

/.

resin /0.50.515 UVR61051212121212
g252019. 518. 518 % of Functi onal
vi scosity at 25C /PCT/US2003/036198

Soi | d4820**1943**2480**1620** cps Viscosity after 6
weeks at Sol i d2370001930013650S0l i d*** 25C / cPs PVP

2% - Pol yvinyl pyridine - 12%1%: osslinked - Aldrich PVP
25% - Pol yvi nyl pyri di ne - crosslinked - Aldrich
PSDVBA - Pol y(styrene-co-divinyl benzene) am ne
RGP 7o~ [N Tq (EesTc AGOTina s ATTiEn ] -
O+ U, T 1vI = SPTTIQTr € #oZ7 ZURFIV =
spindle—#40—5RPM—3—weeks—data—able—5—Ruh
Reagemts’ £718192021 | Reagdnts [ (Table ] Table 1_ (Table
Pre-disp¥usisne 1, (Table 1, |Pre-di gpersionentry 2) entry 2)
(Telerlyertyy Dntry 2) 50 50 50 50 50
" [1-Methoxy-2-propanol 50 50 50 50 50
Basic Resin none | PVP 2% |PVP 25%|PSDVBA| Alumina
Amount of resin/ g 0.5 0.5 1 5
UVR6105 12 12 12 12 12
Properties
Yield /. g 25 20 19.5 18.5 18
% of Functional CS ND 40 38.5 35.1 333
[nitial viscosity at 25°C/
cPs "~ | Soild | 4820%* | 1943%* | 2480** | 1620**
Viscosity after 6 weeks at :
25C / cPs Solid | 237000 | 19300 | 13650 |Solid***
PVP 2% - Polyvinylpyridine - 2% crosslinked - Aldrich
PVP 25% - Polyvinylpyridine - 25% crosslinked - Aldrich
PSDVBA - Poly(styrene-co-divinylbenzene) amine functionalized - Aldrich
Basic Alumina — Aldrich
* - spindle # 40, SRPM
** - gpindle #52, 20RPM
*** . gpindle # 40 , SRPM, 3 weeks data
Table 5
Run number 17 18 19 20 21
Reagents / g
' (Table 1, |Table 1,| (Table 1, | (Table 1, | (Table 1,
: entry 2) |entry2)| entry 1) | entry 2) entry 3)
Pre-dispersion 50 50 230 360 72
1-Methoxy-2-propanol 50 50 150 200 200
Reagent Ammonia | TEA |Ammonia| Ammonia | Ammonia
Amount of resin/ g 0.25 2 1.2 1.6 1.6
UVR6105 12 12 40 43 43
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entry 3) 505023036072 1- Met hoxy-2-pro
anol 5050150200200
wRe@gms2ésrazoni aTEAAMDNI aAmmoni aAmoni a AnounPCD1S2003/036198
resin /0.2521.21.61.6 UVR61051212404343 -19 WO
2004/ 048266 PCT/ US2003/ 036198 -Properties Yiel d

I 1.0 QO A A0 Q. O 04 ~Ff [ il Aol
1 J. \JLU O0%. UI. 0. JJo 70 Ul I_Ullbll Ofet

CS38.542. 3527563547 | niftial viscosity-at 25C1

-

Prapexties540* cps Vigcosity after 6| weeks gt
Yigld4@o* **3820*** 25C /19¢Ps |Adthi a -845wt % sOBUt i gn oP5

ammonia in water |TEA - 5wt % sol pution of] triethyl am ne
in isopropanol * |- spindlle # 40 5RPM *** - spiindle #

0, HOFuRIABNAI G weeks |datsg £xaaphe 4f sEffect] 3 | 547
Im%a ?cosﬁg%tﬁ@gq rabl TTZzed bl'eng of phenyrsriane -

iZe II gls£ al Wi th epoxy resijn on
CP§I| Cr‘f\le\I A 250 ¢ 1?40 § 249\ rged ‘vAv‘:th 50 g of

Vlmltﬂa%eérweé%tw le 1 Entry 2), 50 g of
25€- /B8 hoxy- 2- pr opand ng 3§2W*5f PVP 25% The mixture
was stirred at 70C. After 1 hour the suspensi on was

Alhendedwwd Jbl&%ng)fcafmﬂoﬁr@hhw&r 2-propanol and 2 g

TEXL 548 séﬂ]ﬁon 6Pal ﬁﬂ/lé:fﬁﬂ’@ it Rop ﬁgﬁﬂotlenper ature and

ion of functionalized

. fg (ﬁgg | f esul'ting di sper
g %E nded with the desired amount
of ER? %@&%&Sﬁcﬁ%ﬁeﬁ% t%’:orrpany and vacuum stri pped

at 75C at ImmHg to constant weight to vyield a viscous

resin (Table 6). Viscosity of the resin was neasured
Exampdesé: Effect of concentration of stabilized blend of phenvlsilane - functionalized

colloidal silica with epoxy resin on viscosity:

A 250 ml flask was charged with 50 g of pre-dispersions (Example 1, Entry 2), 50 g of
1-methoxy-2-propanol and 0.5 g of PVP 25%. The mixture was stirred at 70°C. After 1
hour the suspension was blended with 50 g of 1-methoxy-2-propanol and 2 g Celite®
545, cooled down to room temperature and filtered. The resulting dispersion of

functionalized colloidal silica was blended with the desired amount of UVR6105 Dow
Chemical Company and vacuum stripped at 75°C at ImmHg to constant weight to
yield a viscous resin (Table 6). Viscosity of the resin was measured at 25°C

immediately after synthesis and in 6 weeks.
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i medi ately after synthesis and in 6 weeks.

WO

2004/ 048266 Tabl e 6 PCT/ US2003/ 036198 Run
WO 0esR823242526 Reagents / g Pre-di spersi onP(T/ak1083/036198

6,

entry 2)5050505050 1- Met hoxy- 2-

ro

anol 5050505050

PVP 25%0. 50. 50. 5. 0. 50.5 UVR61051210864 Properties
Yield /19.5417. 6216. 614. 412. 7 % of Functi onal

CS38. 543. 251. 858. 368: 5
cPs1943*2240* 2470* 7500*

Initial
38800**

Vi scosi
Initial

ty at 25C /
vi scosity at

60C / cPs197***210***480*13p12600* 5500* Vi scosity after
6 weeks at 25C / cPs19300**116500**Sol i dSol i dSol i d PVP

A P\VP%%Q%RRIWME& - 25% crosslinked - Aldrich

* - spindle # 52, 20RPM
*% _ spindle #52, 10RPM
w0k _ spindle # 40 , 20RPM

2004 - Pql \/\/| n\/l n\/rl dine - 250 crosslinked - Aldric *
Run swmhchte # 52 20RPM *t -2Z%pi hdl 23 #5P, M)RFJM 25%* | 26
spindle # 40, 20RPM The|data ip Tables 4, 5, and 6
Rég%g;qw%rat e that substantial ghins in|resin [stabiTlifty
pr&AllpeRon (Ghld @ eRrPY) [Nese LFealMegs Wik | s5) 50
1&1&?‘% Qoandl , ¢ ol o G T P50 oM Y S0 18 50
P\{R‘ ment \I\;Q pprfnrﬂnr{ Qéu t ic0~§nca t(i;g}r Qions had 0.5
U¥RBO1QHi fi ed upon sol vent | rehdval . Ekxampl e 85: 6 4
Functional i zed colloidal silica cappipng with
Propentiegt | Ng agent Functionalizef collojdal silica (FCS)
YiflgyRer St ons (RUns. 19, £Y10s4) | Wef 6y CAPREE W tiug | 12.7
o6 F EERII el BT ez e (Dag  Taa o0 s T PTe s [ 8.5
UL CTuUu . I_I UbCUUI C \ I IIVU VTS 1 (,Uﬁ pe) CT Ull U1
Iml“ﬁﬁ“ﬁ‘?ﬂslt}’mﬁ‘ﬂz.-ﬁ CdicPs ca di \nlogflél oh 2405 & A47871 | F78P9*2SB00**
Inibl‘;ll weaisity eto0SEC / cPVDZ anjl%’b”?‘e naéot* ey 4801t | dA0QF | 5500*
Vis&Usite aftertiowedky at P3¢ | yPL apipo0*f Hnes0@rial Saledl | csdlidoi|d&blid
siTica. For exanple, F (Run 19) (10.0 g, 50% SI 02)

The data in Tables 4, 5, and 6 demonstrate that substantial gains in resin stability can

be realized by these treatments with substantially lower and more stable viscosity

being observed over the example (Table 4, run 12) where no treatment was performed.

In this case the resin had solidified upon solvent removal.

Example 5: Functionalized colloidal silica capping with silylating agent

Functionalized colloidal silica (FCS) dispersions (Runé: 19, 20, 21) were capped with

hexamethyldisilazane (HMDZ) using two different procedures. Procedure (a) involves

redissolution of the colloidal silica dispersion in a solvent followed by addition of

HMDZ and subsequent evaporation of solvent to give fully capped functionalized

colloidal silica. For-example, FCS (Run 19) (10.0 g, 50% Si0,) was resuépended in

diglyme (10 ml) to give a clear solution. HMDZ was added (0.5g or 2.0 g) with

vigorous stirring and the solution left overnight. The next day the solutions, which

smelled strongly of ammonia were evaporated at 40°C and 1 Torr to a mobile oil.
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diglyme (10 m) to give a clear solution. HVDZ was

added (0.5g or 2.0 g) wwth vigorous stirring and the
waoduigaee | eft overni ght. The next day the sol BET/O8RR03/036198

which snelled strongly of amoni a were evaporated at

40C and 1 Torr to a nobile oil. -21 WO 2004/ 048266
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trimethylsilyl to silane functionalization agent. The

Rudst 4 HGS fradl Run/# denonsiCappiagt hat sER&hest i al C¥RP (9
of tlhe colloidal silic¢arqaurbe ac 15@5@@@* by procedure

278. Bxa@npl e 6: Capping|@f functi onaic,zgd colTo S'Qb

Ssiilcz@vmtn ST |yﬁat|@ agent—A Hu@ DUllUII

T+ =K Ul
< N

WS arged WIlII pres 'bpclbluna
29 ‘;21 Js

pte—1;
'\V\Al a a fnfa

D N
N

[om
+

ZN n ol 0f §$
ﬁ%‘sgd an §]Fi lﬁqfﬁga ugy yﬁ‘l}ﬁ 5 bé O@Qﬁ?gﬁé}? frlmethylsflﬂ to silane

functionalization agent. For example 50% capping means a ratio 0.5:1 for

trimethylsilyl to silane functionalization agent.

The data in Table 7 demonstrate that substantial capping of the colloidal silica can be achieved

by procedure B.

Example 6: Capping of functionalized colloidal silica with silvlating agent

A round bottom flask was charged with pre-dispersions (Example 1, entry 2) and 1-
methoxy-2-propanol. 50wt% of the total mixture was distilled off at 60°C @ 50 Torr.
The desired amount of hexamethyldisilazane was added drop-wise to the concentrated
dispersion of functionalized colloidal silica. The mixture was stirred at 70°C for 1
hour. After 1 hour Celite® 545 was added to the flask, the mixture was cooled down
to room temperature and filtered. The clear dispersion of functionalized colloidal

silica was blended with UVR6105 Dow Chemical Company and vacuum stripped at
22



The desired anmount of hexai net hyl di silazane was added
drop-wi se to the concentrated dispersion of
wo eoveisae@l i zed col l oidal silica. The m xture MEBUS2003/036198
stirred at 70C for 1 hour. After 1 hour Celite" 545
mas added to the flask, the m xture was cool ed down
to roomtenperature and filtered, The clear dispersion

750f at Lmeleordhs sagteasbrrighidaryield aviscauspasngi eeigl Kiraopity of

the R AR 200 e Db S e RS sPE S G Bhd AR g

stdrd}lR €90gt.ant wei ght to yield a viscous reS|n (Tabl e
8). Viscosity of the resin was neasured at 25C
i medi ately after synthesis and after 2 weeks of
storage at 40C. Table 8 Run nunber30313233343536
Reagents / g Pre-di spersion 100200505020050200 (tabl e
1, entry 2) 1-Methoxy-2- 100200505020050200 pro ano
HVDZ51052. 5102. 510 Cel ite 5455102210210
UVR61054050101032620 Properties Yield
/ 56. 885. 617. 818. 664. 915. 653. 6 % of Functi ona
29. 641. 64446. 2506163 CS Initial viscosity
659**1260**1595**1655**42@%?*&5900***30100*** at 25C
/ cPs able

Run number 30 31 32 33 34 35 36
Reagents / g

Pre-dispersion :
(table 1, entry 2) | 100 200 50 50 200 50 200
1-Methoxy-2-

propanol 100 200 50 50 200 50 200
HMDZ 5 10 5 2.5 10 2.5 10
Celite 545 5 10 2 2 10 2. 10
UVR6105 40 50 10 10 32 6 20
Properties

Yield/ g 56.8 85.6 17.8 18.6 64.9 15.6 53.6
% of Functional

CS 20.6 | 41.6 44 46.2 50 61 63
[nitial viscosity

at 25°C / cPs 659%* | 1260%** | 1595%* | 1655%* | 4290** [15900%** [30100***
Initial viscosity

at 60C° / cPs 1340%* | 7050%***
Viscosity 25°C/

cPs* 1460** | 1665%*

" HMDZ - hexamethyldisilazane - Aldrich
* after two weeks storage at 40C
** _ gpindle #52, 10RPM
##% _ gpindle # 52 , IRPM

Example 7. Capping of functionalized colloidal silica capping with silvlating agent
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Initial viscosity 1340**7050*** at 60C / cPs Viscosity
25C / 1460**1665** cPs* HVDZ - hexanet hyl di sil azane -
wao\@nioed2e6 * after two weeks storage at 40C ** PCEpBIvdS/e36198
#52, 10RPM * * * - spindle # 52, | RPM Exanple 7:
Cappi ng of functionalized colloidal silica capping

A Bt ok G SRR A P UEBRTS PR aegele bieaijdgnd 4
anw 1t Bed‘%ﬁ 9i éﬁeg% 1%& (swf%elm A1 J;MB@WQMS Med APL 60°C

OX - anol e tota m xt ure
at\ﬂﬁ§ odn Ste kllmnb anio‘unabf G @metyldxdlaZarerwas Bdded@®prvese to the

SR A ST 7 S
7(?@'1’5101 Hé\lkf %‘fﬂef gﬁﬁour l(tjgeﬂ 3(45"‘\;\1?5 ég@%d \?\%@Eg%giégﬂe m?)gﬁr fv%[s

hour l1te tot
cobl dsk tdt ﬂmemmemipmramrmmd fikaved. m\mear dispasion tof fipetiaddlized
nd tered. The clear di of functionalized
copicabilica e preedraet BVa RS AheeSampe don s e
ri
sERRERENT Tl MU R o RBRh Gl (o 5tcRk o WA o ERBle ),
Ve o the rodin twae nreagur@d WEDS > e ARl A bt BOnihesTe ghdd fedr 2
after synthesis and after 2 weeks of storage at 40C.
werkb béstoraReat #iffber 303738 Reagents / g Pre-di spersion
(table 1, entry 4)2050 Pre-dispersion (table 1, entry

2) 1008050 1- Met hoxy- 2- roTﬁ)ngmOlOOSO HVDZ555 Celite
545555

Run number 30 37 38
Reagents / g

Pre-dispersion (table 1, entry 4) 20 50
Pre-dispersion (table 1, entry 2) 100 80 50
1-Methoxy-2-propanol 100 100 : 50
HMDZ 5 5 5
Celite 545 ’ 5 5 5
UVR6105 40 40 - 40
Properties

Yield/ g 56.8 57.3 57.07
% of Functional CS 29.6 30.1 29.9
Initial viscosity at 25C / cPs 659* 940* 22400**
Initial viscosity at 60C / cPs 710*

HMDZ - hexamethyldisilazane - Aldrich
* - gpindle #52, 10RPM
** _gpindle # 52 , IRPM

Example 8: Preparation of Total Curable Epoxy Formulations

Epoxy test formulations were prepared in two different methods. Materials using
conventional fused silica were prepared by adding UVR6105 (2.52 g) to 4-
methylhexahydrophthalic anhydride (2.2 g) followed by bisphenol A (0.45 g). The

suspension was heated to dissolve the BPA and aluminum acetylacetonate (0.1 g) was

24-
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t est

vetfnE 8 tflus
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ilersagpangiog |h§%ié¢ tpdipypdverthe patplystTihbe FCS or

SISy o

cuft & 15047ar@ forlyhcvedl i apatienditiecurse Qpaéirﬁ@rﬁtaw@io@vrﬂh Table
tri phenyl phosphine (0.1 g) to nethyl hexahydrophthalic

lanhydride (2.

di ssol ve the catal yst.

2 g,

capped

MHHPA) and the suspension heated to
The FCS or

FCS was

added and the m xture warpgd {® suspend the FCS.

Sanpl es were
Pr op

cured at 150-170C for
rties of the cured specinens are shown in Table

3 hou

rs.

Rut Tdssm (20 RIMHRES(g) (|¢)atal4tg)( g Fosedal ys€omment
(g) FusedComment silica( |9) silica(g)
3B9UVRGIVRE (3Al| Carac) 32. 3VIeeasBt Y [9tAbl e | Viscosity stable
(2.52)x9s3pverni ght, forrg ppaque flil mon overnight, forms
opaque film on
curing
40 UVR6105 (2.2 TPP** (.1 2.3 Viscosity stable
(2.52) overnight, forms
opaque film on
curing
41 Run 20 2.2 Al(acac)3 Resin spontaneously
(5.6) ‘ 0.1 cures '
42 Run 20 2.2 TPP** 0.1 Resin slowly cures
(5.60 overnight
43 Run 27 2.2 Al{acac)3 Viscosity stable
(5.41) 0.1 overnight, forms
clear film on curing
44 ‘Run 28 2.2 Al(acac)3 Viscosity stable
(5.77) 0.1 overnight, forms
: clear film on curing
45 Run 29 2.2 Al(acac)3 Viscosity stable
(5.55) 0.1 overnight, forms
clear film on curing

* Amount of resin (Runs 20, 27-29) calculated to provide 2.52g UVR 6105.
** TPP is triphenylphosphine.

The results of Table 10 indicate that substantial gains in final epoxy formulation

stability may be realized by capping the functionalized colloidal silica.
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curing 40UVR61052. 2TPP** 0. 12. 3Vi scosity stable
(2.52)overnight, fornms opaque filmon curing 41Run
wQom4as826@cac) 3Resi n spont aneously (5. 6)0. lcur PGT/U21R031036198
202. 2TPP** 0. 1Resin slowy cures (5.600overni ght 43Run
272. 2Al ((acac)3Viscosity stable (5.41)0. loverni ght,
forms clear filmon curi n?bi4i{Pn
282. 2Al (acac) 3Vi scosity s o) (5.77)0. 1overni ght,
forns clear filmon curing 45Run
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Tabl e| 11 PCT/ 852003/ 036198 BErft/r y#Malt eri alS4Run#TgCTE

*PRMOW. Bgde 63 90,5009 14shd06 2T SAAL 35 ppmAe4 314555
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Example 9: Preparation of total curable epoxy formulation

A blend of functionalized colloidal silica epoxy resin was blended with UVv9392C
[(4-Octyloxypheny)phenyliodonium hexafluoroantimonate from GE Silicones] and
benzopinacole from Aldrich in Speed Mixer DAC400FV from Hauschild Company

(Table 12). The resulting liquid to semi solid resin was stored below 5°C. The

resulting resins were cured at 130°C for 20 min and postcure at 175°C for 2 hours.

Table 12
Run number 52 53 54 55 56 57 58
Composition / pph
EB-5L.DX 59.6 0 0 0 0 0 0
UVR6105 39.8 98.5 0 0 0 0 0
Resin Type / Run ‘ 0 0 19 20 21 22 23
Resin amount : 0 0 98.5 98.5 | 98.5 | 98.5 |98.5
UvV9392C 0.4 1 1 1 1 1 1
Benzopinacol 0.2 0.5 0.5 0.5 0.5 0.5 | 05
Carbon Black 0 0 0 0 0 0 0
Candelilla Wax 0 0 0 0 0 0 0
Properties
Spiral Flow ND ND ND ND ND | ND | ND
CTE (ppm/°C) 36.8 70 46 41.6 41 38.4 |36.7
Appearance NT T T T T T T

FB-5LDX - fused silica - Denka Corporation

UVR6105 - cycloaliphatic epoxy resin - Dow Chemicals

UV9392C - (octyloxyphenyl)phenyliodonium hexafluoro antimonate - GE
Silicones
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514515754 *PPM C. Base resin for entry 1 showed a CTE
of 70-75 ppm C. Exanple 9: Preparation of total
wae oahéepoxy formul ation A bl end of functi onetT/E8T03/036198
colloidal silica epoxy resin was bl ended wi th Uv9392C
[ (4- Cctyl oxypheny) phenyl i odoni um hexaf | uor oanti nonat e
fromGE Silicones] and benzopinacole fromAldrich in
Speed M xer DACAOOFV from Hauschild Conpany (Table
NTZP""WW@%U ting liquid to seni solid resin was
T strenspdrebel ow 5C. The resulting resins were cured at
130C for 20 min and postcure at 175C for 2 hours.
Theadteo I PabRUTD demtistra@IBa4DpEdaifiafts iCOTEARAY bOSbtainbd by use

B SL.DX59. 6 0 UVR610539. 898. 500000 Resin Type /
o OB P%%?gg il sisasnd covidysilivag. 598. 598. 5
UVv9392C0. 4111111 Benzopi nacol 0. 20. 50. 50. 50. 50. 50. 5
Car bon Bl ack0000000 Candelilla Wax0000000 Properties
Spi ral FI owNDNDNDNDNDNDND CTE
(pm C) 36. 8704641. 64138. 436. 7 AppearanceNTTTTTTT
Example ik Preparation of mplding canepduad Cor por at i on UVR6105 -
cycl oal i phatic epoxy resin - Dow Chenicals Uv9392C -

g DT S 3 PO BB R BB bRy
colloftiat siticaermpgareit in Speed Mixer DAC400FV from Hauschild Company.
The resulting paste was blended with (4-Octyloxypheny)phenyliodonium

hexafluoroantimonate from GE Silicones and benzopinacole from Aldrich, carbon
black and candelilla wax using the same mixer. The resulting molding compound was

stored below 5°C.

Table 13

Run number 59 | 60 61 62 63 64 65 66 67

Composition /

ph
FB-5L.DX 79.8 | 84.85 | 89.9 | 79.8 | 79.8 | 79.5 0 0 0
UVR6105 19.9114.925] 9.95 0 0 0 0 0 0

Resin Type /Run| 0 0 0 7 9 7 | 30 37 | 38
Resin amount 0 0 0 199 1 199 | 19.7 | 98.5| 98.5 | 98.5
UV9392C 0.2 | 0.15 | 0.1 02 | 02 | 02 | 02| 02 0.2
Benzopinacol 0.1 1 0.07510.05 | 0.1 0.1 0.1 | 0.1t | 0.1 0.1
Carbon Black 0 0 0 02 | 0.2 | 0.2 0.2
Candelilla Wax 0 0 0 0 0 02 {02 ] 0.2 0.2

S
<

Properties
Spiral Flow TLV| 18 |DNF| 36 [335| ND | ND| ND | ND
CTE (ppm/°C) | 164 | 12.6 | 10.5 | 10.5 | 10 | 123 {12.2| 12.7 | 12.3

FB-5LDX - fused silica - Denka Corporation
UVR6105 - cycloaliphatic epoxy resin -~ Dow Chemicals
UV9392C - (octyloxyphenyl)phenyliodonium hexafluoro antimonate - GE Silicones
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T - transparent The data of Table 12 denonstrate that
i nprovenents in CTE may be obtained by use of a
wa@ oovbioss2é on of fused colloidal silica and col POT/U82003/036198
silica. Exanple 10: Preparation of nolding conpound
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EXH0079 @38_}%?&&08%1&1&6
anount 0001 8. 598.598. 5

UV9392CD0, 20. 150. 10. 20. 20. 20. 20. 20. 2 . o
Flgehais ppiatB mpaggenysis vesoprepaed by 0 compkgsion Galdiog using

Il a,-V\ax0Q0000. 20. 20. 20. 2
AR 020 PR DB 20
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GE Si I i cones -27
Spiral flow experiments were done using a transfer molding press Gluco E5

manufacture by Tannewits-Ramco-Gluco. Clamp forces of 5 tons at an operating

pressure of 100psi. Maximum plunger force - 1200psi.

Typical cure conditions are: Plunger pressure — 660 psi; Plunger time — 25 sec; Clamp time —

100sec; Clamp force — 5 tons; Mold — standard spiral flow mold.

Table 14
Run number 68 69 70 71 72
Composition / pph
FB-5LDX 74.34 74.34 84.575 84.575 79.5
UVR6105 : 0 0
Resin Type / Run 30 36 30 36 33
Resin amount 24.785 24.785 14.9 14.9 19.7
UVv9392C 0.25 0.25 0.15 0.15 0.2
Benzopinacol 0.125 0.125 0.075 0.075 0.1
Carbon Black 0.25 0.25 0.15 0.15 0.2
Candelilla Wax - 0.25 0.25 0.15 0.15 0.2
Properties :
Spiral Flow TLV 37 DNF 1 36
CTE (ppm/°C) : 16 14.1 8.7 8.2 12.7
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transfer nold - due to lack of flow TLV - can not
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g@hﬁ§&ﬁméﬁﬁmﬁaﬂﬂ§€dc&kﬁ&ﬁsﬁﬁﬂaﬁ&w, @ in accordance
wth claiml, wherein at |east 2 Yo of free hydroxyl

groups on the functionalized coIIO|daI silica ar

6. Ebppraapositionda ae@%@g? pilgelgim lamredlaﬁ@éamz?% of e faydroxyl
S e %]anltlg Ize? cg&a[lfsfh% an:ycqﬁlgp groups on the
ctiona |ze I oi e capped. 8.A

Aconp05|t|on conprising functionalized colloidal silica
7.fhecenpositie ioebéwideat wsibldaga 1,ivéiefein et leas 45 Yo dropihtytiroxyl

h%ﬂ%hh §§%Bﬁ§¥3|I&ﬂg?gﬁgwgggﬁglpe$tly functionalized

8.A composition comprising functionalized colloidal silica wherein the colloidal silica
is-functionalized with phenyltrimethoxysilane and subsequently functionalized with

hexamethyldisilazane.

9.An organic dispersion of colloidal silica comprising colloidal silica in the presence
of at least one organoalkoxysilane functionalization agent, at least one capping agent,

and at least one epoxy monomer.

10.The dispersion in accordance with claim 9, wherein the organoalkoxysilane

functionalization agent comprises phenyltrimethoxysilane.

11.The dispersion in accordance with claim 9, wherein the capping agent comprises a
silylating agent.
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9. An organi c dispersion of colloidal silica conprising

colloidal silica in the presence of at |east one
woe@akneabkoxysi | ane functionalization agent, apCT/E881D3/036198

one capping agent, and at |east one epoxy nononer.

10. The di spersion in accordance with claim9, wherein

anoal koxysj | ane. nctional i zafi agent

1%5%&83%10 HeRRRE P%Wﬁ%ﬁt}wllénwﬁefﬁ tﬁw%@,&éﬂﬁ%m&emmses
haesRiFANGRMd h claim 9, wherein the capping agent

conprises a silylating agent. -30 WD 2004/ 048266

PCT/ US2003/ 036198 12. The di spersion in accordance wth
1% Thg disnersiongreresordanerewih claim O w@eraglethc emmmmer comprises

ISI 4 rS|on in accordance -

» SRRRERAN %) LREBR8r o RufisdySREBhaRer Br fFrRLEES
moysrtherah siidaid e ok Monofen @resmbatiahs thhabf. c epoxy

nmononer, an aronatic epoxy nononer, a silicone epoxy

or .conbi pati ons t hereof 14 The dj spersion in
l‘g]ﬁﬂ%&g%%enm #9¢opdaneeeh clapm PePhersin at depst 10%% Fee hydsexyl
1195:’ QX fu&%ﬁﬁ?ze@@oﬂ&l&aﬁs také’&’@ké&ed col | oi dal

ca are capped spe on in accordance
mnth claim9, mhereln at Ieast 20% of free hydroxyl
1yFeaugispasion freadcardenéeowih claid 9cwhéreingr least 30% af freehydroxyl

he .di .Qn.;i N _accordance with claim?9,
g&ﬁ@f@?@ei@kﬁgg@ge E@g gﬁ ﬂ“%aﬁ§%?8% | groups on'the
functionalized colloidal silica are capped. 17.An

16)le}adnspersibﬁ pnescbeianed witlhblath Qaivhsﬁeim at deaSiIRY6 bSfrBghydroxyl
coIIm&l silica |ngm%g presence
STRWRH HOF Retinpatizs o ﬂﬁ@%@ﬁﬁ%ﬁvpﬁisllazane and at

| east one epoxy nononer. 18. A nmethod for meking a

1eRhlopdMa d1§pe|ré181@oidéo$1féﬁfa§ 5ifiBa é‘&ﬁiﬁ‘iélrﬁ% &glofd%) silica in the presence
functionalizing colloidal silica h at |east one

ofghgayltanatbexpsilanen bexamettoldisitrapne and atrlezsgent epaxyhomer.
presence of aliphatic al cohol to forma

1 ASALSPEE S8 LBOAUPLAG, BlpleBttofBsagyr 20 o epoxy

nononer an opt ona i c sol vent
to the pre-dispersion to forni a final dispersion; (D)
at |1@gst fpactiomliking pe]ﬂlﬁdalrs@icarwitﬁ aedsbond argarmalkoapdhhs

R i A e e

one capping agent; and (F) substantially renoving any
| ow ®)i | | Airpoam@seRicscutabld §oxy andnoftRt and optionally additional

aliphatic solvent to the pre-dispersion to form a final dispersion;

(D)  at least partially removing any low boiling components from the pre-

dispersion or final dispersion;

(E)  subsequently adding an effective amount of at least one capping agent;

and

F) substantially removing any low boiling components to form a final

concentrated dispersion.
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concentrated di spersion. -31 WO 2004/ 048266
PCT/ US2003/ 036198 19. The nethod i n accordance with
w@b@isug8q wherein the cappi ng agent is added POT/UR®03/036198
pre-di spersion. 20.The nethod in accordance with claim
18, wherein the capping agent is added to the fina
r cordance wth aim 18
1SR EP BN Gl FRh B, PRG R BR E ol el B to e
p@uhqhﬁﬁmng agent. 22.The nethod in accordance w th
claim 21, wherein the silylating agent conprises
anet hyl di si |l azane, 23. The nethod in accordance with
2Q;F§ Faethed iAcsPRIaRCT WED GlagarSar Rereipsthe sRpingcasept is ddded to the
t hoxysi | ane. 24. The nethod in accordance
ﬁﬁ??ﬂ%g%g1n118 wherein the aliphatic al cohol conprises
i sopropanol, t-butanol, 2-butanol, or conbinations
2t.1hbe method 25 acmedanea Wil claimd8cwhetainctbe wi ledst ohacappii®, agent
H & ca g agent caps at |least 10%of free
CW%SSWISIQ " the functionalized coll oi dal
silica. 26. The met hod in accordance with claim18,
220 ﬁlief]hoﬂh@a@amﬁh&gwﬂﬂ enlimQapwhatin taesilylatZ {0 §@ﬁt Jongises
hy drox¥l roups on the functionalized coll oi
hegamethyldisilazatee et hod in accordance with claim 18,
wherei n the cappi ng agent caps at |least 35% of free
[
zdﬂyg\f @g&bggﬁ QBRI &?g F:fa%ﬁ a ngﬂgjeié%tﬁ? o@gh@k&f}kﬂane
catigpses shamyltgmethokgiilage.(A) functional i zi ng col | oi dal
silica with phenyltrinet hoxyS| I ane functionalization

243’91%] gyejth%g rnjg Ig%cﬁkﬁs en&/%{l c{al ﬁ F n }1? yh}}hgﬁﬁerq%]&olﬁggqpnses

1sb}$rop£[r®ﬂ),a¥lﬁdtanf)r thﬁ&iﬁ)l,weoﬂlbﬁﬁﬁbﬁs theeof C) subsequent |y
addi ng an effect i ve anmount of hexanet hyl di silazane to

“dis VIO, 2004/ 048266
2%3@% l%rst%@g' ﬁdgggmapa@avﬁé wherrighe cwgﬂgeaggswaps at least
10%RROBE hidok Al iips bh MR fuﬁb@cﬂiﬁﬁ%écp&llo%g sifiBd.

substantiall’y Tenoving any | ow boiling conponents to

forma final concentrated di sEer si on.
26.The method in accordance with claim 18, wherein the capping agent caps at least

20% of free hydroxyl groups on the functionalized colloidal silica.

27.The method in accordance with claim 18, wherein the capping agent caps at least

35% of free hydroxyl groups on the functionalized colloidal silica.
28.A method for making a colloidal silica dispersion comprising

(A)  functionalizing colloidal silica with phenyltrimethoxysilane

functionalization agent in the presence of isopropanol to form a pre-dispersion;
(B)  atleast partially removing the isopropanol from the pre-dispersion;

(C)  subsequently adding an effective amount of hexamethyldisilazane to

the pre-dispersion; and
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29. A nethod for malting a colloidal silica dispersion

conprising (A) functionalizing colloidal silica wth
wQ@b@aphs2sé net hoxysi | ane functionalizati on agePCT/UR2005e36198

presence of isopropanol to forma pre-dispersion; (B)

addi ng at | east one epoxy nononer to the ‘

re-dispersion . to forma final dispersion (C) at
Feasaj)par%q%ﬂa %}tl?aém wG*Y HE’“P%‘pﬁDongﬂ 8Iﬁon1a]r %‘%ﬁ’%ﬂ@n’ and
final dispersion; (D) subsequently adding an
ef f e@)i vesudsutdllyatmbexgnmy fyw BbiﬁhF a&@periendd folnE) final
substantially renoving any | ow boiling conponents to
congpiifaiediqispsrsion oncent rat ed di sper si on.

29.A method for making a colloidal silica dispersion comprising

(A)  functionalizing colloidal silica with pheﬂyltrimethoxysilane

functionalization agent in the presence of isopropanol to form a pre-dispersion;

(B)  adding at least one epoxy monomer to the pre-dispersion to form a

final dispersion;
(C)  atleast partially removing the isopropanol from the final dispersion;
(D)  subsequently adding an effective amount of hexamethyldisilazane; and

(E)  substantially removing any low boiling components to form a final

concentrated dispersion.
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