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relates to use of nanoparticles to increase the

thermal conductivity of polynmer matrices. BACKGROUND
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In a typical electrical component, a heat sink is mechanically coupled to the heat
producing component during operation by positioning a flat surface of the heat sink
against a flat surface of the electrical component and holding the heat sink in place
using some form of adhesive or fastener. As can be appreciated, the surface of the
heat sink and the surface of the component will rarely be perfectly planar or smooth,
so air gaps will generally exist between the surfaces. As is generally well known, the
existence of air gaps between two opposing surfaces reduces the ability to transfer
heat through the interface between the surfaces. Thus, these air gaps reduce the

effectiveness and value of the heat sink as a thermal management device. To address
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Electrical components are also described herein which include a heat producing
component and a heat sink or heat spreader each in contact with a thermal interface

composition that contains organo-functionalized nanoparticles blended with an

organic matrix.

Methods of increasing the efficiency of heat transfer in accordance with this

disclosure include the steps of interposing a thermal interface composition that
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nanoparticles can achieve higher thermal conductivity than comparable blend of
micro-sized filler and organic matrices alone. This allows a higher maximum
attainable bulk thermal conductivity. Furthermore, nanoparticles can penetrate into
surface pores and frregularities inaccessible to micro-sized fillers, thereby reducing

the effects of interfacial resistance.

An increased thermal conductivity in the polymer matrix is also advantageous in
reducing interfacial resistance in cases where filler settlement occurs and an ensuing
“skin layer” (layer consisting of few to no microfillers) appears. The reduction in
heat transfer will be much less severe if the skin layer has higher thermal conductivity
than otherwise attainable. A further benefit of incorporation of nanoparticle is that

these small particles may prevent or decrease the rate of micron-sized filler
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rr?artt%? ?ri \(r:v}nch the nanoparticles are dispersed; or with the mating surfaces on which
the final compositions are dispensed. Ensuing chemical reactions will attach
nanoparticles through covalent bonds to the organic matrices or the mating surfaces.
Suitable functional agents include organoalkoxysilane, organochlorosilane, organo-
acetate silane and organosilazanes, containing alkyl, alkenyl, alkynyl, silyl, siloxyl,
acrylate, methacrylate, epoxide, aryl, hydride, amino, hydroxyl and other functional
groups. Reaction échemes for adding functional groups to nanoparticles are within
the purview of those skilled in the art.  The functionalized nanoparticles can
advantageously be prepared as a dispersion in a compatible solvent to facilitate
combination with the organic matrix. Particularly useful dispersions have a solids
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is possible. Typically, the organoalkoxysilane is present in a range between about 2
weight % and about 60 weight % based on the weight of silicon dioxide contained in
the colloidal silica. The resulting organofunctionalized colloidal silica can be treated
with an acid or base to neutralize the pH. An acid or base, as well as other catalysts
promoting condensation of silanol and alkoxysilane groups may also be used to aid
the functionalization process. Such catalyst include organo-titanivm and organo-tin
compounds such as tetrabutyl titanate, titanium isopropoxybis(acetylacetonate),

dibutyltin dilaurate, dibutyl-tin diacetate, or combinations thereof.

The functionalization of colloidal silica can be performed by adding the

organoalkoxysilane functionalization agent to a commercially available aqueous

dispersion of colloidal silica in the weight ratio described above to which an aliphatic
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polymers, see “Polymer Handbook:, Branduf, J.,; Immergut, E.H; Grulke, Eric A:

Wiley Interscience Publication, New York, 4™ ¢d.(1999); “Polymer Data Handbook
Mark, James Oxford University Press, New York (1999)). Preferred curable
thermoset matrices are acrylate resins, epoxy resins, polydimethy! siloxane resins and
other organo-functionalized polysiloxane resins that can form cross-linking networks
via free radical polymerization, atom transfer, radical polymerization ring-opening
polymerization, ring-opening metathesis polymerization, anionic polymerization,
cationic polymerization or any other method known to those skilled in the art.
Suitable curable silicone resins include, for example, the addition curable and
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referred to as a final dispersion. Substantial removal of low boiling

components is defined herein as removal of at least about 90% of the total amount of

fow boiling components.

Optionally, the pre-dispersion or the final dispersion of the functionalized colloidal
silica can be further functionalized. Low boiling components are at least partially
removed and subsequently, an appropriate capping agent that will react with residual
hydroxyl functionality of the functionalized colloidal silica is added in an amount in a

range between about 0.05 times and about 10 times the amount of silicon dioxide
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| east 35% of the
the capping agent and hydroxyl groups, excess capping agent, and combinations

thereof are substantially removed.

Optionally, the total final dispersion composition can be blended with a micron-sized
filler. The addition of micron-sized fillers can increase the thermal conductivity of
the composition substantially.  Accordingly, the effect of the functionalized
nanoparticles on the thermal conductivity of the polymeric matrix is multiplied
greatly by the addition of the micro-fillers. By way of example, if a polymeric matrix
lias a thermal conductivity of 0.2 W/m-K, the addition of 80-90 wt% of a suitable
micro-filler can raise the thermal conductivity to 2.0 W/m-K. However, by adding
functionalized nanoparticles in accordance with this disclosure, the initial thermal
8
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A curing catalyst can be added to the final dispersion to accelerate curing of the final
composition. Typically, the catalyst is present in a range between about 10 parts per
million (ppm) and about 10% by weight of the total curable composition. Examples of
cationic curing catalysts include, but are not limited to, onium catalysts such as
bisaryliodonium salts (e.g. bis(dodecylphenyl)iodonium hexafluoroantimonate,

(octyloxyphenyl,  phenyl)iodonium  hexafluoroantimonate,  bisaryliodonium

9



conductivity of the polynmeric matrix can be raised

even to 0.3 WmK and higher, the addition of the
WORRELI G Bunt of micron-sized-filler will rai s&CTAE2004/015745

thermal conductivity to approximately 3 WmK, a

fifty percent increase conpared to conpositions not

tJ T ddi f
A M
Bkargp¥¥ 6Y fadidal BRME tASYREGESuNE, Hut &@%&Htthrmfbd% various peroxides

COﬁ'pOSItI on that iIs very vi scous, not easil
@fgadf BbIl @erry BeRreeW azp CABYPOPRESI e 2nd cizss Atsyisstaityl nitrile)

FICRRRRICSTad ¢ aGURGL MR oo fif PR BB Rk Hitian goins, the

pefdiret] mtawme adbahoap8el (farishibnahBals (Bandutheavind Sodium,
increased thermal conductivity while maintaining

RaPYe) eiRpixesoviori condanetians crablg| slisanendle prefueasstatajysts are
| t
Bl 3SR BRT AT YeSAMHL ot e

IFovietoshomskilled lim de, arf. or exanpl e, funmed silica, fused
silica, finely divided quartz pomder anor phous
ilic carbon .bl ac ite, npnd, netal )
BitpeiRs 467 o Biid sdable it SHATRG a@@)mt of 14 smeadical
%ﬁéﬁhﬂg coMpUdEHR Hb)’éjfd@& @8 the dﬁﬂbﬁﬁl ﬂ&héén't gwtizﬂ &gat"i’épmacols

oron nitride, and alum numnitrid
beszeinalisyl ethértrraums DRLEges, zing combmapns fheseof. u?ﬁh@lﬁwu de

or iron oxi de) and conbi nations thereof. Wen

' --i aII Riesent i-n_a ran
R e
thapadiuoe) t he wei ght of the total final conposition.

More typically, the filler is present in a range
90 wei ght, %

et ween abou 0 wei ght % and about
F%&?BB%FFSP% %é%%’% S‘g‘#‘ PP Wciqﬁéll'hyaiiﬂé%%% ggents and an
Sdrkp R cﬁﬂﬁ&ﬁ@ﬁﬁ‘d}ﬁ)@yl%m R¥elddabes 6p}'ﬁo%1glereaégents with

present conposi tions al so i nproves the ot &
theheurngmatalysti dm thelse naaw,cmunglchﬂaé{sss mne bpselsetad ﬁ'oﬂﬂ; @dut are not

AR bl R B O BBt B 8 e et
sS1et @ipAenyd pmpm@e MaRSA-ihRRzs10MAAd eshufn®ukR rm%%ntacefbiate and
contal ning the sane anount of mcro-filler,

corhipLeRs Geeel. E@lcﬁasppaiﬁgreé@ﬁw%lg agants b@cla@oreultrtﬁm@ﬂzma amines

| | t f h f.i nal
o 18 o PR SRl G RSN LBOE' S ies sy
inchniye et \a&emoabmmtedOtopaaﬂt}&ermerdlaﬂﬁnb lpzap;ﬂ@rmﬁdlaaﬂﬁe 1, 2-

bout 10% b the total cuyrable conposition.
P%Pé’mﬂ é W "P Y dﬂ?rﬁ@wc at impenylens diagtiae, andtany other
c@hBodRls cbmmn&@gﬂz bPmoRUHL Gy St s such as

For epoxy resins, exemplary anhydride curing agents typically include
methylhexahydrophthalic  anhydride, 1,2-cyclohexanedicarboxylic  anhydride,
bicyclo[2.2.1] hept-5 -ene-2,3 -dicarboxylic anhydride, methylbicyclo [2.2.1 ] hept-5 -
ene- 2,3-dicarboxylic anhydride, phthalic anhydride, pyromellitic dianhydride,
hexahydrophthalic  anhydride, dodecenylsuccinic anhydride, dichloromaleic
anhydride, chlorendic anhydride, tefrachlorophthalic anhydride, and the like.
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diluent may also be added to the composition to decrease the viscosity of the

formulation. Examples of unreactive diluants include, but are not limited to, low
boiling aliphatic hydrocatbons (e.g., octane), toluene, ethylacetate, butyl acetate, 1 -

methoxy propyl acetate, ethylene glycol, dimethyl ether, and combinations thereof,

Adhesion promoters can also be employed with the total final dispersion such as
trialkoxyorganosilanes (e.g., y-aminopropyltrimethoxysilane, 3-
glycidoxypropyltrimethoxysilane, bis(trimethoxysilylpropyl)fumarate) used in an
effective amount which is typically in a range between about 0.0 1 % by weight and
about 2% by weight of the total final dispersion.
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The addition of functionalized nanoparticles is used to increase the bulk thermal
conductivity of base polymer matrix to provide improved thermal conductivity when
placed between any two objects, especially between parts of an electrical component.
In addition, the present thermal interface compositions reduce the interfacial
resistance to heat flow that is inherently present at the surfaces of any two
components between which heat is to be transferred, as described, above. The present

thermal interface compositions can be used in devices in electronics such as
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the dispersion composition. The alumina added was 86.5 wt% of total formulation.
The dispersion composition was cured at 120° C. The thermal conductivity of the
dispersion composition was measured and found to be 2.6 W/m-K +/-~ 0.05 at room
temperature and 2.55 W/m-K at 100° C. Comparatively, the thermal conductivity of
acrylates alone is approximately ~ 1.4 — 1.9 w/m-K at 100° C when filled with

86.5wt% alumina (sized average size = 38 microns). See Table 1,

Example 2
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~ 1.4 - 1.9 w/m-K at 100°C when filled with 86.5wt% alumina (average size = 10 pm
for AS50 and 0.4 pm for Sumitomo). See, Table 1.
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5-(heglaams?hyl -t ri(si Irgl??ane (MHDVH CE Sili cones?’)!z,5 1.53 ¢
of 1,3-divinyltetranethyldisiloxane (CGE Silicone),
190 aerdaigs)  vi Yl -t er ni nat ed pof4fdi net hyl si | oxahes.9
(Cel est, MN9400) DMSV22, a suitable catalyst and 20

: 1 na ( e KaiMeaAS- and Sumto 04) .

6?;&%10(2{6: m na was \g% edin a pr‘g@i mately - 8gqm—//tA°A/o of
the total formulation. The dispersion conposition was
10U ¢sglcboats)80C. OThe thermal condifdtivity of theg

di spersion conposition was neasured and found to be

. 99 mK +/-.0,15 at room tenperature, and 1.70
KRR+ - o, 1666{{2&116@ C. Compdtatively, the PRdrnal
conductivity for polydi nethylsiloxane ("PDM5") is
1@pEpoxy)matel yo- 1.00 WmK, when filled with80 wm %

alum na (average size = 10 pmfor AS40 and 0.4 gm for
ble 1 Exanple. 3 A.dispersion

conposition was bl ended containing 7 g of GE Silicone
product FCS100

“colloidal SiO, wt. pts. are based ¢SiO, plus functional groups unless otherwise
specified. The wt% of the functional groups is between 5-30% of the cSiO2
depending on the particular functionality as well degree of functionalization.
*Microfillers are alumina of average particle sizes between 10 ~ 38 microns. “has an
average sample to sample variation of 5-10%. Y the wt. pts. of ¢SIO; are based on

silicone dioxide content alone, and did not take into account of contribution from

functional groups.
Example 4

A final dispersion is consisted of 56 wi% phenylirimethoxysilane functionalized

colloidal sifica (based on SiO2 content and functional groups), 1 wt% of iodonium
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(contai ning 40 wt % MAPTMS- functi onal i zed col | oi dal
Si02 in 1, 6-hexanediol diacrylate), 0.14 g of an
WO 280HPTIh salt (GE silicone, W3 80c) and 43 gCEHUS2004/015745
alum na (Showa Denka, AS50 and Sum tono AAO04). The
al um na added was 86 wt % of the total formnulation.

TG S ey OPI s iy a5 Bl o B2 a8 pinesplAldricy
iatoycloalipHaBRE6A} 166id (VR BLBSDWWY, KT disﬁer%i%n as ljcg%g'sat 156° C

Conparatively, the thermal conductivity of acry
fpx Sapistsi Avd wlag measared to have avhenntaC cabkBOEY Wi B7 W/m-K. at

2l W 4t 9 .ha {average si,ze = 10 .m for
zfﬁsgo?g%l\gmo%%%s ?‘)o@ﬁ“ﬁéﬁ‘lln#’%%@‘ffes 5 e 518?1&"5}?1“}’&’1% of 0.2 - 0.25
- WORH aaBpPA], PCT/ US2004/ 015745 Table 1 Pol ymer Matri x
(W. pts) Mcro-fillets Thermal Organic Colloidal

i O? (¥vt. pts.)b conductivity (size) (100C, Wm1C
E?‘@“’(Péf‘c ylates) 22 (20 m)d 644 2.55 60 (acrylates) 40

(20 nm 644 3.25 100 (acrylates) 0 644 1.4-1.9 64

A Sfihd]C MR - oF9%st i, 4 ‘ o
isi i _conesgsugpfé)(@g}?ég OI4?Zng§<tﬁ %)glo%dfg 3&8‘% Oﬁﬁl.cg‘?nahzed by
phew/ligiopsheysiae ad2ftheobhdtaged SiyMRxamethyldisilate (HMDZ) in
b d GSi us_functignal groups unl ot herw se
RS AR e B e RS SR The
u@yﬁ&iﬂ/ﬁl@fcoﬂélﬁaicsﬂi&zpluﬁﬁﬁedb@klé}%e@%ﬁdﬂﬁn&%ﬁ?}?&"’ﬂs@f2’7%. 533 g of
functionality as well degree of funetionalization.
thgs ing} gispeusionsway misgdumitha).04g afer plgbnwardaidys mikzeas ([Pt =
Og-.43 .Gl .y has, an . ave e le to .
7 3B o iy R BBT wad O3 Bt £ ESHRER B e giide.
sikaaacs @E SHicbh€ 88¢66) Miednal eiheMitionl PNG.a ARGl F1aRhl. The
talce into account of contribution from functional
a‘tgj)rvglfﬁgq_posmon was cured at 150°C for 1 hour to give a material with bulk thermal

conductivity of 0.17 W/m-K.

Example 6

A stock solution consisting of 10.06 g vinyl-terminated polydimethyl-co-diphenyl-
siloxanes (GELEST, PDV1625), 0.38 g of polydimethyl-co-methylhydride-siloxanes
(GE Silicone, 88466), 1.10 g of phenyltrimethoxysilane and 0.10 g of a catalyst
package (target ([Pt] = 7.5ppm in the final formulation) was made up. 2.76 g of this
stock solution was mixed with 0.44 g of fused silica (Denka, avg size = 5 microns)

and 0.35 g of doubly treated fumed silica (GE Silicone, 88318). The mixture was a

non-flowable thick paste.

The above composition was cured at 150°C for 1 hour. The bulk thermal conductivity

is 0.17 W/m-K at 25°C, same as Example 5.

Example 7

An appropriate amount of the final dispersion as described in Example 5 was

dispensed manually via a syringe in an X pattern on an 8x8 mm aluminum coupon. A
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Exanple 4 A final dispersion is consisted of 56 W%
phenyl tri net hoxysi | ane functionalized coll oida
WOgM¥d% 7 tbased on Si 02 content and functi onal PGFESYEO15743
I wt % of iodonium 15 WO 2005/119771 PCT/ US2004/ 015745
salt (GE Silicones UV9392c) as a catalyst and 0.5 wt %

SFenet ACOUREROB P $isa Beessh Pei B s 't FeuTiag Bdyiched
skruchuBd was IRl 88 an qu"@@ﬁreﬂ?&ﬁ-‘ M8 fPcdRYBedht REfdBhe bond-

conductivity of 0.37 WmK at 25C Typi cal epoxies
ligietthiskinesy afnntba rEivg IIEQ’SI Fraites ntieromel Tho wdfi@ctwwilhmr&fé cofhiducitivty

o TP e VBt 35 G S5 G0 B! raieprsg across the TIM

1§wwggg4mﬁﬁkgﬁﬁ by phenyltrinmethoxysilane and further
end- capped by hexanet hyl di sil azine (HVDZ) in

vinyl -t erm nat ed polydlnethyl co- di phenyl - si | oxanes

A cEpiksT3-laypy/seEsjicheihgruciiroovss huil vt thei Gamukstipp dgscribed in
d a 0 % _

FRptgd 02 SO HEARREIT Ul g 2 i e

cphdictinitmod aheatrmt lapaﬁk A W/RL-K at 257C5prte ol tthembl Ralstance

for Iat| and_0.14,g of a
APOFS e 9&&%@%% ﬁ%PH?I%%B?!de- si | oxanes (GE Silicone,
88466). The final fornulation gives a flowable

Armfoﬁgh HrefekB an@bAUE EQBBERIhtOBr %Su%ﬁ% Ahvel B0 [iQcribed

holur 'to give a material wth bul
h@:@rrd uotthed eigab@dmﬁnmmw r’nerer@aﬂb by thosk siilbak irs Gleutit omithout

consi sting,of 10. ey m naj e ) .
Ao FoBHYR Seb? ot ey e dsGleRhalhy e oamingsiimss)
0.38 g of polydi nethyl -co-net hyl hydri de-sil oxanes (CE
Silicone, 88466), 1.10 g of phenyltrimethoxysilane and
0.10 g of a catalyst package (target ([Pt] = 7.5ppm
in the final fornmulation) was made up. 2.76 g of this
stock solution was mxed with 0.44 g of fused silica
(Denka, avg size =5 mcrons) and 0.35 g of doubly
treated funmed silica (CGE Silicone, 88318). The m xture
was a non-flowable thick paste.
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The above conposition was cured at 150C for 1 hour.

The bul k thermal conductivity 1is 0.17 WmK at 25C,

same as Exanple 5. Exanple 7 An appropriate anount of

the final dispersion as described in Exanple 5 was

di spensed manually via a syringe in an X pattern on an

8x8 mm al um num coupon. A 16 WO 2005/119771

PCT/ 052004/ 015745 second al um num coupon was t hen
WiphddedlaviMBEIplS:and the resul ting sandwi ched structure

was placed in an 150C oven for 1 hour to conplete the

cure. The bond- line-thickness for the TIMI ayer is

. 16. R tAdr ﬁ{apmﬁerfa-cr@&rﬁ;fcfsﬁﬁ)h|c¥5ﬁp¥1§1ﬁ%%len& SPEHGdbiskby finef a
the TIMlayer is 0.18 WmK The total therwa

pol,y@g; Fetixesd aarqpagiclasavigran salgy@pror%z'egﬁlhqﬁ@.swswe oA from
abot%'rt]g'n#l@trong? LiYBEs ?@8’1‘@' %Jq 9012&1{3 L@Stﬁ&%ay\%ﬁ)v%h ltl{cbo}{YI th

ornmul ati on escrf nd |line
conduttekydbm the n@®paiticlegnsherathd 1itdnmalafoﬁdzmﬂvug ist fian medut 0.37 to

i Vit he TIM 3. WmK at 25C.
b Ay Sk et e S4B B e b B P bR Fomghe
gioihﬁ Borwein Kool Bl dahaiugharaI et &Y, dreanrl ahbsiti@ehes ﬁlﬁ%ﬂ&rﬁillzed
the invention have been described herein, further

of
with ahlsast pamPIgaANKORES [9Bs.cefl WhEreHY A hessrposition e@etimlly he
corldivM t hout departing fromthe scope of the invention
as defined by the following clainms. 17 WHAT | S CLAI MED
I'S: 1. A thernal interface conposition conprising a

0-si ze nd. .
nangggg?F@PFh%°Wh LT wgﬁ?H“%%%%OWE?%%&aPﬂfﬁ%?m rixgbeing
a cugbizle polfynder Mmatrixaddd ghid mamdpariiesttRingeeinoIBndtioasionRs, said
matri x has a | ower, thermal conductivity than

“aﬂpﬂ%ﬁfﬂ%mﬁd. (R d1e SipHT GO ENE G $7P-TERIALRAY FRYoiqed silica

andf dr@dRoRRonDi 4 Pk s, about 3. 55 Wm K at room
tenperature, and sai d nanoparticles being sel ected

fromthe group consisting of coIIO|daI silica and

3. &Qtsxﬁ’thaetm?lriﬁte e corr]nang?%zggi 1%' ce(‘almgll or %{%‘g&ﬁeleéoéﬁﬁm‘slﬂ?tﬂx

east one organoal Koxysr | an€;
congoivpos turatdapolsmee E(ﬁm{bdsyclon

4. A method of increasing heat transfer comprising:

positioning a heat producing component (3) in contact with a thermal interface
composition (2) comprising a blend of a micro-sized filler, a polymer matrix and
nanoparticles; and

positioning a heat sink (1) in contact with the thermal interface composition (2);
wherein said micro-sized filler has a size of from about 5 micron to about 38 microns,
said polymer matrix has a lower thermal conductivity than the nanoparticles, where the
thermal conductivity is from about 0.37 to about 3.55 W/m-K at room temperature, and
said nanoparticles being selected from the group consisting of colloidal silica and POSS,
where said nanoparticles are functionalized with at least one organoalkoxysilane, and

wherein said composition is thermally conductive.
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conductive. 2. A thermal interface conposition as in
claiml wherein said polyner matri x being a curable
polymer matrix and said nanoparticles being
organo-functionalized nanoparticles selected fromthe
group consi sting of organo-functionalized coll oi da
silica and organo-functionalized POCSS. 3. A thernal
interface conposition as in clainms | or 2, wherein the

5. pol A meethoatess fin xlainc® mhbieﬁe&e atep f pd¥itonpl heaBrbducing component
conposj tion. 4. ¢‘°HI hod of |ncr3a3|ng .heat transfer

() ForBck VS USEaRL NGHEFRFOPAREHEN 6D GOMET HIER BT hees)

p:oﬂlﬁbn@é&xﬂﬂleﬂtﬁ(gﬁn %oﬁtﬁ&r\}ﬁm a bIBAESH %bf@@lﬁﬂé‘ ﬂﬂit%é a(]@)

rising bl end a mcro-sized f
ﬂanﬁa%nffplks %wﬁﬁted rf@r%ﬁlﬁrga qntpi essistisd Nsoldeidal sitica @r@uw@é@cctwnk at

ead e BGRANACKIaHE L 065 HAGE BN A LR, gRTPOST ¢ For

sald mcCro-size has a size of
orgfmoathoajrdlate.5 micron to about 38 microns, said polyner
matri x has a | ower thermal conductivity than the
nanoparticles, where the thermal conductivity is from

6. aboalt el@etibhid @ nafoaktt cdmpHsidy:m K at room t enper at ur e,
and said nanoparticles being selected fromthe group

a hegbprorutingiegprotone®(Fli dal silica and POSS, where said
hdABhR les are functionalized with at |east one

a1ofﬂaﬁgg1igxy5|lane and wherein said conpositionis

a theie iraérfage complesttidv@) inl8p&ed Betmweeinthd het protlucingicomgonent (3)

{ { f, . |t [ d
and 55481 nk (15,55 BRRPaRPTac SeRRuE fo e Rar iR ePlengera
micEofpastilldr cupdlﬁ)]emmwdﬁdj RghoP@Sickeb,0ni ng a heat
rooduci ng component in contact with a blend of a

wheggjp g3 émﬁ@r%érf lgplasi a)é”é’r?cf frompthop? Mierrt abepetd migrons,
sdldfﬂo%érhﬁatlgi ﬂé&oa l%%ﬁt'h%ﬁﬁﬂ 901%;0&\9'9’ @hAkE ngh aﬁﬁ:les there the

functionali zed | east € organoa oxyS| ane
the:mﬂc@@gwﬁtyn@ﬁpmmbuu Ozlajdtowbom 345 Wéaé*i atonem temperature, and
Ik X | ectro onponent,.
saad rr‘ppa?t clesoocyngaseﬁecteg ﬁ rS)m fA‘E é,f(?ﬁt& can 1(% é)ﬁ{:(')‘ffog af? S@lC%gi(lﬁ POSS,
whes¢ sikd 6&111)01931&@[63 are functionalized with at least one organoalkoxysilane; and

wherein said composition is thermally conductive.

7. An electronic component as in claim 6, wherein the thermal interface composition

(2) comprises a pre-formed pad.

8. A method of slowing phase separation of a polymer composition filled with a
micro-sized filler, the method comprising blending organo-functionalized nanoparticles
with the polymer composition, wherein said micro-sized filler has a size of from about 5
micron to about 38 microns; wherein said polymer composition has a lower thermal
conductivity than the nanoparticles, where the thermal conductivity is from about 0.37 to
about 3.55 W/m-K at room temperature; wherein said nanoparticles are functionalized

with at Jeast one organoalkoxysilane; and wherein said blending of nanoparticles and



a thermal interface conposition (2) interposed between
t he heat producing conponent (3) and the heat sink
(1), the thermal interface conposition (2) conprising
a blend of a mcro-sized filler, a polymer matrix and
nanoparticles, wherein said mcro-sized filler has a
size of fromabout 5 mcron to about 38 mcrons, said
polymer matrix has a | ower thermal conductivity than

poliiaer Bamp@Ridn filledSwithhalceontdiged fih@r raliltsc anduednmptistyoni at is
from about, 0.37 to about 3.55 WmK at room

thepgy et UsH¥e: and sai d nanoparticl es being sel ected
fromthe group consisting of colloidal silica and
PCSS, where said nanoparticles are functionalized
with at | east one organoal koxysil ane; and wherein
said conposition is thermally conductive. 7. An
el ectroni c conmponent as in claim®6, wherein the
thermal interface conposition (2) conprises a
pre-forned pad. 8. A nethod of slow ng phase
separation of a polyner conposition filled with a
m cro-sized filler, the nethod conprising bl ending
organo-functional i zed nanoparticles wth the pol yner
conposition, wherein said mcro-sized filler has a
size of fromabout 5 mcron to about 38 m crons;
wherei n said pol yner conposition has a | ower thermnal
conductivity than the nanoparticles, where the therna
conductivity is fromabout 0.37 to about 3.55 WmK
at roomtenperature; wherein said nanoparticles are
functionalized wth at |east one organoal koxysi | ane;
and wherein said blending of nanoparticles and 19
pol ymer conposition filled with mcron-sized filler
results in a conposition that is thermally
conductive. 20
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