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WD 2008/ 030690 PCT/ US2007/ 075974 THERMALLY CONDUCTI VE

GREASE CROSS REFERENCE TO RELATED APPLI CATI ON Thi s
wa@pkiodmbd on clains the benefit of U S. Provi sSPOIEB2007/075974

Pat ent Application No. 5 60/824,599, filed Septenber

5, 2006, the disclosure of which is incorporated by

reference herein inits entireiﬁs BACKGROUND The

i nvention rel atHAERMALEN, CRANDHCHIVEGREASE | a] s and

their use. 10 In the conmputer industry, there is a

conti nual novenment to higher conputing power and

speed. M cCBOISSCREBIOR ENGEST O ®BiA TEIOARRITGAIH@NI er and

smal | er feature sizes to _increase cal culation speeds,

Con%‘bﬁfé’ﬁﬁ?%ﬂonﬁ&w tiq geefitcoh Sy iRy P RA AP NGO Ho-
6032885811804 BEFtetBiLs, 2068 (R dikll§suR Sf&ﬁfcﬁ%ﬁ%&?oraﬁ& §&ference

heat output of the m croprocessors Increases, heat” or
hetetrharitsentirmnagement " becones nore of a chall enge. 15

One aspect of thermal managenent is known in the

i ndustry as a "thermnal ingerﬁgég gﬁéerial" or "TIM
whereby such a material i ween a heat
SOUMRE inveHebh A%t toThGHAPIHRAGERS AaterANGard (HERhse.
di ssipation device to facilitate the heat transfer.
Suc n thelermpater inslwstry) thdre isf pgomtiohal angyreems etodngler computing power
heet-|j.ke material .. These thernmal interfa erials
nd g0 ISl P st PrRELE S THUST 4 WG P erie
indr&i8c BAGHINSPGREGOTCARERAAY, fdiwes FRRLY APrcBRMI B8 moOheat is
TIMs typically are used to thermally connect a heat
genasafed pen unitarpieelt the prerapocessehahs the heatgputp pfthie|nyicroprocessors

incFERES FRST Rt d o BReoF L SRRy 2, 80 e

enplCeyadpdeed idenA nivdagersdit éaldeivnaindh@indbgryn®l a “thermal interface
di ssi pation device such as a cooling device or a

mafqrighedr ‘HAM™ whaigdby sichaineicred deplagedrpeivage adicat youress puch as a
mip Bt ¥ Rea Tt o RRe b it fe FOE o By (alcn T s may
be anthe éorboali apredse ot hehdetlikntaenap ridvesctbsrnaal idtenfaeinhaterials also are
conductive grease.that. conprises 0 to abo 49 5. . .
usGHEp G BN ingaR Bodh o] he MABBRRCDe g hebidliinggon device,
wei giiiis RRiCR are Qgedﬁ(; theRAsly &ﬁlﬁe@aﬁ@@trs%léil‘&% t0 @H%lt breader, that s,

| east about 50 wei ght percéent of thermally conductive

a tig@mpHy torcluetve pithte largenthad thy heas ndwree.iivwhhrcesathesare referred to as

[ a m xture qf at |east three istrihutions of .
TIIaT AR R R ooy neri it Al Reut fidd Bep R Pasion
de¥ibE QRhak 8 tod1HatdeORS oA finhdHeHcaBih kY inGATEhEdst YEchPRIMS ¢ RFerred to
havi ng an average (D50) particle size which differs

as TIdHs: WHdMsgn#ebe pricsant ithepd @igtiblpcations éma paricplae installaion.
5. -1 WD 2008/ 030690 PCT/ US2007/075974 |n anot her
enbodi nent, the invention g@@&@&ggﬁg nmet hod of maki ng
a thermally conductive gre i nvention that
CONMPi bHLEMbAERMSHERR iAFenBbR Pidlidrd aGBRéridally cBhductive grease that

di spersant, and thermally conductive particles, and
compises Bt iabrpt S weightinsreent of cairfer piledhwnt §.5 to about 25 weight percent

of at least one dispersant, and at least about 50 weight percent of thermally conductive

particles. The thermally conductive particles comprise a mixture of at least three
distributions of thermally conductive particles, each of the at least three distributions of
thermally conductive particles having an average (Ds) particle size which differs from the

other distributions by at least a factor of 5.
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di spersant, and thermally conductive particles

together. 5 In one aspect, the carrier oil (if
wWEe@sosey0 and di spersant are ni xed together, aPdI/UR®07/075974

thermal |y conductive particles are m xed sequentially,

finest to | argest average particle size into the

carrier oil and dispersant m xture. |In another aspect

t he It prothsiiempod shamtahs yeventiny prpridesa methogiof agpking a thermally
. i . TN
col Y Bons A DSBIEA cLftpelie FRbL 0 S Bllng chlricr ot
dispeastntpadaheradally @bndiveive hattiokk,| andclhendmoding/eae parricr oil € present),
.are 10 pr -di?pers§g%mﬁth a di spersant prior to m xing
disppraatntdrtapinAlly GRERRATYG BAHEIH {QEHYTi nt o the carrier
Oi | 1f biic RHESEME kadfafl ol FRRSANInd WS Rt arkeMi@BPIdpEHher, and the
enbodi nent, the invention provides a mcroel ectronic
thepaelkagmductovgararsdlexpra nexdibicna¢ndial Ipt filesttotlangpst average particle size
..mcroelectronic heat source attached to the substrate,.
intg I Ty oneSRRUBITE T el et diecfen 9‘3;9933“0“%
par@iRRk iafeArhixe té%’étﬂeﬂ&m@tthérﬁﬁ%d PR tHOcam GToREliBstdc@t)iafd dispersant
heat source. 1n one aspect, the invention provides the
mixfyesy dngnethoesspettr vpdrsopat khgbthe dharmelly cerstvstivspartjclas are
h r B thermal ly.co ' e . .
eSS oS P PR KR AE Uty BERS6ve parictes into the
carfie 610 €if pekseranire] digaisagomi-agreand t he heat spreader. In
anot her aspect, the jnvention provides a )
mi ¢ IbEIlqr cBIOLipEKAY R VERIRSY PRYIHES Amigoclseirt¢ prckagat
r‘ .
con B3y R AR RE AR o I or RN Sufl FEDRL b, Wbstate,
andle thictrraldy ta@chetiva gredshelidebatd spthasagelicaddoeoaitinc & least one
.thernaIL¥ conductive grease disclosed in this
migraBlertiofi Bert SQUIESt ween t he heat spreader and the heat

di s$h gRd dsPBet, BB Vi&Btiod ProRRRE nferaba%@ﬁﬁémelkagonwya%ﬁa%eoﬁmher
provides a m croel ectroni c package conp(|5|ng‘a 25
comphsing aheat sarcallerant tmmally comhictee gromicalisedestd sothtscapplication

b attached. to.the s bsgrate, g hqgt ipre der, a
CHVFEP i TP QLT R ECTRY 9P S S8d i ieb YRR ¢ hi s
appii @@th&msﬁ&t,w&@mvhhﬁmg@r@ﬁa@d LHIdTONbGErMeApack SRR rising a
and the heat spreader and a heat dissipation device

subgtatceptrlcashenmirqrgel egsipairchaatsoureprastaslicd te thyetulstesic.taeat spreader,

o 8 RSB PO, B0 58 SRR il o
greard distladedhiaviisngpmicuii@cdetwecafthagicdas@eadehamd the XedtQHssipation
cps (10 Pa.s) at 1/s shear rate and 20C and a
devifgcosity of |ess than 108 cps at 1/sec shear rate and
125 S : y :
con e R L PR P RSPt ool Biring o
sutstacuattlcast bye micrgrledtoarc idatsoubccOftavianh i thassubretes e raddbabgpreader,

t he test nmethod Bul k The . Conductivity descr.i be :
o gl SO dar orLPahia SRR R bet B TGPt Sgironte hea
sold¥e htetht ‘ﬁéé’f‘s?ﬁla@éftana aRhEfSsiidh Aeviec AhBRINMhEAnalliN®nductive
recitation of nunerical ranges by endpoints includes

greabe ishgivinen shashdas spreatler and thic heattvagsinetingdeyiec.g., 1 to 5
includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5).

DETAILED DESCRIPTION

As used herein:
“Grease” means a material having a viscosity of greater than 1 X 10* cps (10 Pa.s) at

1/s shear rate and 20°C and a viscosity of less than 10° cps at 1/sec shear rate and 125°C.
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Thermal |y conductive greases (TCGs) of the invention

may contain one or nore carrier oils. Carrier oi
wW@e@siswe0 t he base or matrix for the TCGs of tPEI/US2007/075974

i nvention. Useful carrier oils may conprise synthetic

oils or mneral oils, or a conbination thereof and are
10 t ﬁlcally flomable at anbient tenperature. Specific
ex an% ally cord@rctive giwpsq drcagh BEcapmigvinger bighcgrfuctivity of greater
tha?ﬁ)t nggf W/m&e %( gsctlre(ff)}ll J[h&?&? nféltﬂo ﬁE q"h@%&iqo%ﬁhaﬁn rde§'c1r1bed

I nation thereo nrer ci a y aval e carr

bdowls i ncl ude HATCOL 1106, a pol yol ester of

dip ntaer thritol .and sh rt. chai aC|QS
HAT S araﬁﬁe@moil%&@a B)obf‘ylapdlg@%@ IR PR hyrﬂc?ﬁs stated

otH%F\Ql@@ N€he égitzﬁio?l d'—f%hﬁil’erlgﬁ 9513@6& B%g dlﬁémnt?ﬁféhﬁi%@ Bl ﬁuﬁﬁérg subsurned
(both available form1l rporation, Ford

w1ﬁmdthmamge{(e7gL, hto fainucblldas 1 cl %@oiﬁSes,tse%O |4esndr15)
avail abl n1FEX|on i al Chemnmi.cal s
FoudPamar opdRE g et g b e the QOGRIoS iy R gne g more
caﬁrﬂéﬁoﬂlsﬂ V@ﬁhblocﬂl pridvRRs BHEHAR o0hathikF6? Be lT@ GASFAKE ird8nthon. Useful
wei ght percent, and in other enbodinents, fromO to

catpigt Oikpmay eempFisssantheigoiby or minstal ol opgicgmbingtipe diercofpnd are

typlpal?lytﬂ)o%b aggﬁ%réélté lteen ere{r‘%uraen g%gg tg;? g‘?ﬁlgfgﬁ Hc’sbﬁ]gf %é"{q %6115 include

polgol &t&s,\m@b@hés I@ﬂlﬁ?ﬁl&ﬂ@ll&@ﬁnd btﬂy@leffm@i 4 ¢diﬂib1ne£t7ﬁihrthﬁéoﬁ)l |

may al so be present in. th invention in
r an§@8msieiplhy w?glabmﬁ%@uﬁ Ht?hsie HATSPLzl 10p 02 njEelkcstep of
| e
dirgtae i) R MO REh TR acid SR AN IR e L ebBlcxpd polyol st

of hﬁnetpylelspmpanen adlpn‘mlcrdabamhc/\adldh andrcaprér acdd (hotloavaitayle derm
i.n t enc r The 25 .
Heffod Rpargfifs Oﬁ‘b% E@ ﬁ@ﬁ@%{é ’4. Y IBL%@% EYflcHY. available
froﬁPHQ;HGﬁ SY&iNB) @h&hl%as (Iq@sgbhasg Tikel ow) in the carrier
present. Useful dispersants may be
c h aﬁamee oilzeay mprp@lny methe d Cérs af glnd mvermonnatau amountcnf feom 0 to
ni c .or,.cat|l

E%r S an@,@ K Ct ag? ?Ig(létggr Wbo%?lt%g[%ﬁ% th% HPt Mote than about 20 or

ab&anblweaght Poeeftf ofdhSRRI S8MbSsi iR, IR thts @ehbodtedhtdSarrith6il may be
conmbi nation of an ionic and a polyneric dlspersant

prosentd A amapeidif igelees 2. & githy Wélgrhlit BgyEPn Qi the compesigion 3G arrier oil
I
a?&m d eg)§?5%£t 1H%lfef 'E%Gg ég BE %%E{lgn {nr}é%lé‘e(QE%cé?#’l%l% ﬂghl about 0.5, 1, or 2

to ﬂﬁiuyctaaﬁoblam @'B%ﬁt p@tgani ¢ phosphate esters, fatty

aci ds Its of fatty acids, -3 WD 2008/030690

pCT/l G@@%ﬁwgﬁmn o8I ERIFHIINOTE GIpEsEF s TheAigpersant(s) may be
pre@@ﬂt Rl:&nbﬁgg? gfl AR oﬁ“ ot el §seﬁy h[h@%bsence of carrier oil. The

sur ace- no I norgani ¢ nan part| or any
dispenybitsm aprome tHaein&pefsmrﬁfrﬂmﬁxerradtll}ycmdmti\akﬁaﬁlcles (described below)

in Ger BRERRE B0 L SANEPERAET 8006 a1 G SpBRERFi o onic i

nat@¥ai Ibﬁf‘é'd@s&%fs@ﬁ'ﬂs MY aRMnionk &rh(étlom@ Wmﬁ@érﬁlid’dlﬁ’&nts the dispersant
Lubri zol rporation, Cleveland, OH EFKA 4046

maﬁfﬁ)@unfon@aiwp &lopulrieativan ef dllssﬁrr@qnm@y beawsaid) sish @s,fthfomnﬂﬁk%tlon of an

Addi s _BV, Heerenv

"#?rﬁ?t YREIE TP o f‘b%?ﬁne e‘B‘i’w&@Bﬁ‘é\tﬁ g Sé%gl% PlSp%n?%\nt Siied

f r omx BAPRE vPesdf@Espersth® imtSudd) Bek noEianted iy, poNdmines, sulfonates,
Di spersant is present in the TCG of the invention in

mogifiegrnlirpapslacinep.ciginiopipsahite estersnBtty peide selinef Bty acids,
wei ght percent, and in other enbodi nents, not nore
than 25, 10, or 5
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wei ght percent of the total conposition. In another

enbodi nent, dispersant may be present in an anount of
W@rooB@3®P0 1 wei ght percent. Dispersant may al SBCDHES2007/075974

present in the TCGs of the invention in ranges

i ncluding fromabout 1 to about 5 weight percent. TCGs

of the invention contain thermally conductive
polystherse pelyestams.endipotioby Aed inprean® digiaaatsisveh paturiees-gpdified
ind B0, TGy LOARAtiof fithesporr se di amond.

crys T e anon St 't con carbi de, alun1na
bor (mrmnetrcuatlﬁ avdikkkrghspelsaots icaltdcthosdiaworg thatrbdah@mes

sl SR Mo Res 5 sBFRGRCBUPo ftataSiafint aFiiGLR o ffveon.
In€ QR RIPBEL Wi BN 0 Nord BRI |FAGRI. WH{ DERR 408614 GbaFied

i’'s of fferent type he therndl 1y conductive
pokyardthl%mle dssposed, dvailable fifPECE flafAddevdsmBBAéei¢enenvaere The Netherlands;

and REH R o Eok g0 e 3t bR REE P b0 Roppgrepulenc.

Pldify Réud, Girsifbitpwsi ons of thernally conductive particles
have an average particle size which differs fromthe

av e Pagnsrsparis pedsentgn she BEGs pethgiiventionin anamaoy ef atregsop.S and
not e\ghén 5(?%61%&1% foef%‘ a%de? ht%¥ eﬁg?dlgegﬁnﬁjot' %rgttlpd%r S, 10 or 5

Wefg’hﬂ: pacerifof I, toal c@hpmiten. thh aﬁbthél(bmﬂﬁdfmﬁ)tﬁdmﬁeesanﬁmay be present
. mxture of thermally conductive particles may cons
in greagaepnt af atjeast 1 waighbpapet) Bepeisaptinay 3é30d?e§¥?§eBU%1lﬂéﬁ‘nTCGS of the
t 0.3
iSO AR RURIAAR, RARLAGLE) (W AL Sl Blrclle O 0 e
par NG sefdhaimeteion(ddbd)n thérrﬂal@r cmnducmvetpartﬁ:lesa féeful thermally
est dlstrl ion havi an aver age. rticle
copgiafii barSRg e iOF 1S e St B B AT B ALy gerysline
i@, ﬁM@Jn%@m@é AREiRSL, HoRs ki a% (Hm@aﬁa{q 3t b@&@ Bé&vh RErbide, silica,
average particle diameter (D50) val ues of 03
graphde.amsrpliagls carb8@n pdlemowet eitrsde, alchidumg zanoerdemeckeBoungsten,

The thernal | ducti ve parti s used.in the,. f
sy TSP E S B GReipRes P G oo Bpe

di strhi Eneiin@Imp c@fdubines pandidlys @@t thiel NEG P thé Cﬂv@ﬁtlon are a mixture

resulting in at least a trinodal distribution.

of afjegpt éhr@er Jindutionsi ofttharmatly epnductec parfitlas E@qhwéélw th@aSt three

AR LA B ASED BRI e
froaf tht hecrugd payclbeizeetthe dlﬁrﬁlﬁitbutabm andeaibslowniayy beleid a factor of

nmore than 75, 50, 2 10 or 5 ercen of the
>, gy ia OHT adlwgpﬁeatg@?ér yheor of Loveieh aa%efﬁf ofHh g greater than

10! RoSOR %@%&%@B?tbeﬁpﬁl Jyhﬂfr‘ct e %ﬁ&ﬂe%gf%}bé&lkﬁpésé{tﬁlly of:a

essent | non-over enti al
smAkbeyt pmclemrlmgi'onr’[man@ anfvarbragh paﬂtl@lﬁ&hamqﬁeﬁ M50 )adf & hmicrometers;

valley i.s 5 no nore than 5%.of the interp ed val ue
o g S RO e B S 20F Rt e T e e and a
laré&f 8Rtrfbusibh hBHh Qﬂﬁvéié’géepa‘?ﬁ@lé’ dANBN(D')) 0P Hi@Bmeters. Another
M ni mal overl ap" neans that the |owest point of the

cxaraple @}am have @Vmeedwrhatnr Izmlgfdlsm@tiom baypog avaseoirtide diameter

D cent % § g % %1 for a Hrlwodw
Sﬁg& “%‘Sh Wécé%mﬁ Tt P IR A R HPESs el | est
( or Thd alesmm ecsn)duamrmﬁclsh @wﬁ@mem&mg GMBPe idveRtidredre dimixture
02 to about 5.0 microneters (gm.  Typically, the

of @E\J@%a@l@e&a&tﬂb@mwi thermgty qoméuW@mwéIWéesal&@gdn ahletsép trimodal
dis noﬁ”?ﬁchh%”Ehﬁl%ﬁbﬂlt dlstgb&tgont ea}gf?]%a g%\x}%ergﬁﬂ Heaks %hstance
ypi cal the average partl e size for the
aver age dlaneter may range fromabout 0.5 to about

500 gm
g .
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In some enbodi nents, it is desirable to provide a TCG

havi ng the maxi num 15 possi bl e volune fraction
w0 b@stslebyy conductive particles that is consi SPERUSA0T/675974

the desirable physical properties of the resulting

TCG for exanple, that the TCG conformto the surfaces

wth which it is in contact and that the TCG be o
betgyepn thej taseling of Iﬂ%ﬁ/@ﬁﬁk% artdotha lgvpest Beigyof the mrliqydictween dpytripution

c . | | '

pe&rrlgébﬁlgg 'Bg g}a grflé@tr% t g@ 29 1 ULy G g &‘céxﬁ tl?ehlg{eiﬂﬁ#gd 9%86 (height)
betgene adjhcqnt 'pmkisplhemrnér hﬁbmﬁlﬁlbnﬂsmhb Ithme gfec Hatrpatodns are essentially

di t ticl houl d h di t hat
noR;, :Qgg‘faé)%gqgh aﬁgsela‘?la Efe%gsq §Vu pmgé gmpf:qgn@er > 8?{@)3%1‘[ of the valley 1s

no %r@ﬁﬁﬁ SON6F hWon SRR AR BwES ddiRE elabfs %Qﬁl?&te%odlments
I ndeed, the |argest particles nmay brl ge the small
thegthp;e biésthilmeions bivet oy emanvé vertep. pMinined] eseiddp”trhens that the
er dlstr e.in tac ith .
10w LA afdbE VIt i n bt B Liah it oG RRHAGhs Hebiep agiacent
pesl | 25 remain. The nmean dianeter of the mddle

di aneter distribution nmay be advantageously selected
t o jluically,tfosg trimarlat ili@Ggéw QyErage partis swefﬁr theahirdyprgeliest (or
smgﬁ‘érﬁ Lngén%fte dlé-i,rtggte ﬁag §? rf‘ro%{ a‘t%)orglgp O?tcg %ﬁ) O rg?c#c?r{leters étrn)

Typfcal\?ﬁlthfﬁa\kmedgbqﬁﬁldlélﬁze ﬁﬁllﬂid @ldefec Oferdgb elldr@d‘t@&ﬁﬁy range from about
aneter_distribution and the particles of the mddle

0. 1@.@%@& 0 1 iTpicrlbn thawy crerPagicdhyzofor fivi lagetaycigge diameter
nwg t mﬁ%ﬁ&ﬁk)§@ﬁﬂ) 1ﬁmeter of the 30 small est
i st ution. Inasimldr fashion, desirable nean
par in mdmae etnhmhmlemmslt sedesingble me;brenznded T hivaog the, maximum

fifth, her, or ul ati on particles i
oty paltie s BoTBs BB RO BT SR TRy the desirable
philid bfo%lehttie@ Bf @b r{NRIERIC Y, BPOLIGHE ViRt WTGG'C@ﬁfoﬁﬁXO the surfaces

conprise the sane or different thermally conductive
witharhicl itésin qentagtindohataghy TOG behamfacichtbadowatile tseallow easy

q, ﬁr|but|ons Addi tional ly, each distribution of
aPR'IF8 %%Ily conductive particles may contain a m xture

of it fhey iarhintytRe @oﬂtfucht?@% dratle it @B diont e beaelkted as.

5 The remai ning voids may be thought of as being
acqordaneel wiihtthe fodlopieg gengrad peneinkes.( Eﬁe gisibugemef largest diameter

I 0
parfiB S SRR B ikt o e, SHARE b p 8 B ahe ppected o
betsweeh &el teropabitiatdseo @b $Heli‘1inb)lll§t tamsctory Ifdecd Olhmkzlrg'eﬁt particles may
ursive Packing of Dense Particle

brl@%ﬁﬁlﬁ amagest gap Betivaens subsiralse eWhst therpartioes Of(tgegzgest diameter
Gﬁﬁﬁ%g ZAR-chaa t]w1th Eﬁc‘ﬁrﬂtﬁ&‘e % &Rl D Golfling BUBRdA e %&frtlcles will
e seen t at t mean drameters of the successive
renidin pdht nehe deineeer oif ﬁtermioldtd dasctar distrpusdemalp by abbeantageously

[ di stingt gnd well rate ensure that. the
selgitrd S Tiop i Hereab D R RPE S0 e ey aithbespd By instdioy of the
mi8@e KRGhRardidtab @M INQeHte a §b}§lﬂhtidn0&fﬁﬂal’leldga§;s BE Db bEtkRen the

pack|n81of the previously packed particles. The

pattigles whitieyargostdipmdteredigeibutian %si theyarbelep pé@e maiddlg digpecter

nvent n U nt
iR the ) ehMRS Ve Py uREDH isfl w8 ychE Thlned of the
smeaddBiribaton. 1 PandilaE fa@ﬁmﬁ&%sb@bl@ RS Phrticlt EfeLIbEs Ply be
at |least 70, 75, 80, 85, 86, 87, 88, 89, 90, 91, 92,

selogged Gy fowgth, figi, orghasordsg ppawlghensyd pegisles 1f desseder
enbodi nents, thermally conductive particles my be
present in the TCGs of the invention in an anount of
not nore than 99, 98, 97, 96, 95,

-5-
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94, 93, 92, 91, 90, 89, 88, 87, 86, or 85 weight

percent. The TCGs and TCG conpositions of the
WO paosfasiedn nmay al so optionally include 20 addP@T/Us07/075974

such as antil oadi ng agents, antioxidants, |eveling

agents and solvents (to reduce application

viscosity), for exanple, nethylethyl ketone (MEK),

met Rgeh diskibuiion REtheraallygeadueive pgickssapryaeonytsy the same or

t
dlf?e‘f%%ltéegrtnaggr@%l é'i:étég ag*g&ltg%?lr%cl% r&g%& ?F grﬁg létggés(?ﬂlr%é)&sttrll%ﬁnons.
Additibaby, shetedistribureon ofithsinzaly cohduotan |pag1)c1esdna@zrmth1ma mixture of
ilicon carbide is selected. 25 for the nmediumsize

dif ?qtitmeég?thgﬁaa%@m dugfiyenagiddes- are sel ected for the
| ar ggs Yerﬁ’eﬁﬁﬁlg GbRI ma?hb% SRt HasbBRGIAMNE WidhQuArrdd: edlspersant(s) and
generally nma endi ng d|spersant and carrier oil

othep g@npmrentsamh 3 hl@ht bke@nsliongovide ﬂt)Weblﬂmst | jurthenguidanogen the

rt| guential . fines

solf o TR B fyitiigns B os ity PREpurs Y P pepense
Partii® MB&ﬁﬂé@ff ¥ura@InsfugiteNgs SPidhdd Eét&i% @)/(2Qb§)0pek%s 1249-1251.

prem xed with one another, and then added to
Fram ghei fareseinschsussion, 3oV semy‘,hab@eam@@dhatr@et@m of thoguagassive

e Y

paﬂn@l %i}z% Jlsthgutlo%gg%lrﬁ r#{}gr&gféﬁoreer uétg drlrs]%%?tz a{rnéixxzeiqggg%fﬁged t8 ensure that
the@rrmldit W tHiS thel ihteRbiyedleft bgshd gl @ull phekedtpapiobdsreidiouor

- 6. WO 2008/ 030690 PCT/ US2007/ 075974 pre-di sperse a
Slgﬂ’eﬂoﬁn@hdléwﬂ%mg therpagkiag ohBrerarvigusbopled pydclsar ti cl es

gltl%?rﬁﬁﬁf'l&ﬁnd%ﬁw atrf?cle% §I ngltelé]&lt ! ssof AL thvention in

the |spersant carri m Xt ure ot her enbodi nents

an bineudiCEant BhsttI0epercruehy Werghc aim dvleer radbe dinyens theemtlly conductlve

P GRAERCseRR SCARPIOL o FAS 9GS %@%%ﬁk@g B8 ST 02,93,

94 09?5‘ 9@ 970 BP s %%h@ﬁe@eﬁ uir é{‘%ﬁerﬁ@écﬁﬁ%ﬁs StHé ’coﬁd&twe Particles
telease liner or carrier. In other enbodi nents

maydepraesenttin thei T{enefi thaninyentidnan ap ppert of notamera rtlitané%‘) 9&”97 96, 95,

t \Y e intended use, with the aid of an
94’6%6 gff’ gﬁ’r e§8 2?7%805 tweldliltdﬁfc "Sound, or ot her

KNOWRe =T s0ih d ST @@rnpéﬁtl&@fﬂftlﬁiﬁhO&itféﬁﬁﬁz%r alw@nonauy include
invention is further illustrated by observin

a4y Gugls santndugiescnbna o Ok S RECRSS ang s s o reduce

o e3P g BB BEL ) 50, JOATRL A o,

este@iskeing xgnpeas. Control materials exhibit very
simlar forces in either iest wher eas t he | venté g
mat &F FOMGCBRYAUEERLs rdRQ) IS Se{sgied for thsismpallet gagtiglos forthisd from
lar &P%h d{il% %%' gnetdnﬁn g8p nﬁ&rvéﬁnéﬁ Biafoh@ Bgﬁﬂc
nt erva e gap either cannot ose
forfthie triaémm-ﬂze pém:lbles hatl mdtalpartidies ac¢ sdededfor ehedmtggstwpiattirles.

8 7 L B 0 B i B
toggﬁféh aiRH ¢l b%lﬁiﬁ’ng/\ﬂﬂb alrrinady bddiub@ed SaRcled &aﬂéﬁlaﬁg hinest to largest

applying a nom nal |oad of about ten pounds (
average 11><ag91clp 6izg o thesdisifersantieasrien qil mipdurga ddie piermally conductlve

icul arl |s osi t

oo g Pr el Gl et 6 TR B ehelis e biayig gomponents.

HebB)apbe aldee kethahadubyin ofds fartdedd thy ovdrBil @istdiitytahe aid in reaching
fixture to take advantage of the shear-thinning

a upHamHy [dispPised Baxtprs. JhsuRe gpkodigignts 4f may be Aesiable to first pretreat or
materials. One or both of these neasures will normally
suffice to reduce the gap and to settle onto the new
nmechani cal stopped position until the gap
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approaches the dianeter of the largest particles in
the conposition, typically between 30 and 60
wor@soOs®dEers. I n some enbodi ments, the thermal PgI/US2007/075974
conductive grease substantially resists flow after
aging for several hours at a tenperature above about
50C. In one 25 exenplary enbodi nent, the materi al
PregfigRarse eRATigR ST #lhptihg ﬁbw&n FondyetyeppraelcawEl disgarsaaprior to
I N data, the gap was
rmrJ(:gel lﬂlge Clg%@bocﬁ d\?\sni3 Ellh 911&(1 gﬁ}l%%ﬁrr% ‘en  pound down
for Meothﬁgﬁanbbdﬁmblhtsmhm@CGb ef thelihweatiowtandic rhiderhyesolvdat @sting the
ed to 211 gm , again with onl he
bqug?dm?ﬂ ebfé @rcs/ iparaeTe &0l ey ser e e TCE Component
blchB@hATBE b%vuféti%aa%ﬁ%lé ?Qea%@ gul%de ¥V§ d atrQefb € or carrier.
undi sturbed for about hours at Which tinme the gap
30 twothdr mﬁtodiueeIItadhﬂ:EGGb ef thvm@@ﬁtugmam ‘ttehtpplln@i tn@rcmaier or to the
down nd enbodi
detify B hS gt s S0 GRE IR R Pty sulifi R et el Soynd. or other
kndwd e @adurcdlhe sanple was then thermally
characterized and all owed to stand undi sturbed for
aboin sorge ¢robedimants.-the inpepioes Gadeo dlustaedse 0bsrong grdorce as a

ur% f {héﬁlgle§s%1g 5 %Q% ‘ﬁ@i’ t SF (9 l%f?c:e;jsluélﬁ aszi%cméﬁ?boeﬁ$%f%ﬁ go%};aé and

ext@@dldd&ests @B d@icrﬂbh@bﬂabv »dlat @vetaln @ogdng wmnprlesd UC&rol hat4fals
gm again with a, >30 Egund down force and substanti al

exlvblé Ve SHRAIBREGSS HbFiEher st M@f%rhedmeaﬁ%@amaﬂ%@éat much
08000 R NG RAOR AL SERRRUIL AL o
that thergap blthmmannmbe adgsddrfuctinér] msuleldthamm tardhd clasiet mqnt enly evith great

urt her .reduce the, ga bel ow 205 mw th a conbi nati on.
dlngul%i the ngﬁlaak}r:%rf&? %hg%e%y ps tﬁdPFf‘eds“@V IeRoNIIERY repositioning the
mee%ﬁéa@ drop GATRPRIL RS Spk1BQke ﬁ%qudtwmga 5&%{@1 RIAEST hbut ten

mmg cl osure at shorter standing intéervals of up to
po (brooit éél hgg td thgrtesh Hetuse. ]nethawd of papiosiatly drgh \hwsm

sim.lar r dlstrlbu i ons
codpiih: Precimetiie laDfide Rt iy § tesMtacd by
me@hgﬁ@umyg@lﬁaﬁﬁg Bk fixhite 3¢ ARE! a@@ntage folf ﬁletsﬁéatr-tfﬂnﬁﬂgr&lafa@fenstlcs
simlar periods of tinme. Tenperatures encountered

whisihrdare gy pidaof thesermafesidndOnpenbathef thags mersuras avitl mermadly suffice to
re(ﬁllagl{h% gas a h& H ?e?tleoéntﬁ Fhee n;e?vre@l a%vﬂvecggst %ﬁ{po&@é&g tgg £ap
aplwohdheaﬂgrdaainamof tolext m@eg’t plafir1d3ai theanthpogition,syupitdbastween 30 and

The resistance to fl ow descri bed above typically does

60 FREETopTEHTE {tropie RIS dosriidly condestGisgtie Fpintially
dp! t r
res R B ind Do Pl a5 TR o0l MR I in one
ex¢rapipgranhodendoethc notteriah dode teshevas estidtyanmueitraed hioad75 um gap.
een in.the extended test e can

rFolfiahScsl EEthm atarra b e o Ebitiend Rpyeyors 3 dFopprmet on
polfd ddvdWordd, Aden foﬂmﬁgth‘é%ﬁﬂ&ttloﬁ%f SRIRREEIE thdyapalas reduced to

| east 50 min the Extended Test (described bel ow)
21 b1ugy t 499 With Anly themporofal 40 powrlstownsoragmThe sarpic w&éhen thermally

ch IR IR0 gk S b P FRP B B SR B Fi R e e

cosld A8t Bt adddybeldvg 200 s iBioUR Iﬁhﬁaltdomr@b QN @ secddkemplary
100C, above about 110 or 120C, or .even higher. In sone

hébﬁ@ateflhlém@eﬁ feshyas 1@%5%% eqaliprpted 9t ¢4 Engsp. The sample
waE AGh & cﬁ&rﬁcte d%'d% IBwEE ﬁ sﬁncf &rﬁl\f\étﬁrbe&) ?O?r%ﬂﬁht 15 hours at
east a

stantla 'y ' rigidis generally at ours
In ot her
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25 enbodi ments, this tine (hours) is at |east about 2,

at | east about 4, at |east about 6, at |east about 8,
W@Ro0B@3®P0 about 12, or even longer. In some  PCT/US2007/075974

enbodi nents, the thermally conductive grease descri bed

herein substantially resists flow after about 12

hours aging at a tenperature above about 50C In

whighipe thgigap wige Frdgiced tra 9% h@r bratheyiseehtfliraung doyp derse and vibration
t

AR SRR MR A BRI Gh Bt fhin v

>30 posahdvanfoodt amarstﬂsstamtablekraued Oonbdmoad thotisermbl data was collected

terials of t resent ntio rporate Hatco
ﬁ@@aﬁéiv a frdug tPF@? HHSWPEB :ﬁ@ @O%‘B%N 150 a0ig|cggen more substantial
vitdhiRe TR MermANHtAwi £ath Qilec§, ‘tWt)aﬁ QQ@&Q@ 06 ﬁgther reduce the gap

PCT/ US2007/ 075974 zinc oxide (small particle size
beldivs205i v it thra) combrimeion oﬁwe@hUmdrm‘ma(lbmwge foatledsc [Testgigad related

cofptoneld faheafbihaintiisedd Broaos gt et ohBr B Hffgvels of up t
and (defuddfg folifhduy EREILRA cmoﬁﬁoﬁ’sﬂﬁl@lﬂgﬂmﬂll@ﬂ%dﬂ@ﬂgéﬁ@aﬁlcle
packages and may be 5 used to assist in

dlsmtskf,lpp&tbubﬁot@ho\'ﬁ@atthff efbent.cconbdbhie reduged o af3© rto éx anpos gapafter
sta 1%?? hg ﬁs{ Plxtu eefoi’i %%Hf’c)urr pgréoc g‘fgrsrl% tl"hl%%gi% uI‘QSI e%%&?tﬁ%tjeg gyrlng the

tesOeché aporshigrgap and e tEQtﬁﬁDblfaraoaerd;ltles oia b@lﬁp&ﬂtl@h under test,
substrate or stacked die on a substrate, a thermally

howgyrd ke tyricyheas deprecn RBostiveh end RS Ynvithe %@B@n@smf‘@e the hot
C I
an§ Bl TfadcO0 R Rlne RN BORHLETBEITRy LB RRE b build in he
masuaticagibed @t drarboettanpl tempaatubhe rimatidisipn,esadple hedirtgte 76T or even
spr ma | so be a heat source for bse uent
ab?tﬁéﬁﬁf’gﬁe fogoukd B&%ﬂlg&%m% empgratyIR dpeiat gﬂydel% ERace to flow
thJhe@%é’e% iffthd Hgerldy&Rtion are useful to provide
t hermal contact between said die and thernmal
di s&\ fpla‘tpl@cand@vde@med smnttuabﬂ aidy or bSnv4llyt desistant to flow, if the

t.h '
sarpf Eio? B Spindi el e RS u o e i TR 3k bed betow)
staft @1l Wwiltda QY HLA. 1edsmsmlghher enbodi ment, the 15 TCGs of
the invention may be used between a heat generatin
devile @Jr@m@lnboch@@nﬁsﬁ@e deitAbéecx posuig terpperatigfes et whesi thegsea
exaﬁn@ t : ag%ﬁ%% gg% sl‘a glg %%Eorﬁ?wﬁ)?{aﬁﬁ%%m ab%fvetaggut 70°C, above

ab@pﬂbO%(&tabOﬂSaboEXNMﬁSO%Qor&Wbﬂhi@hef mal Conductivity
Bul k t her nma onduc i Vi t was nmeasured generally in
acc &t P ¢ tS{i & At &e@ﬁsqrﬁ Empsas e et SRRy

ma't'&f'ﬁ'is r-&l?tqfdcv@ Br ﬂ-&gﬁl% ubsﬁééﬁ’f I\lei%?hlg %%r%&tqggs a few hours. In other

Aut omat | on, Heat "Transftfer Tester
em\had;mtmtsL thlatn:me(hbum@ it at |Pasoplomal, atNeasbayouBi} 4t 02RB0aboD16, at least

and i ch fea ures as: a vision system capabl e
ab?ﬂ‘t%z%ﬂ gglﬂﬂlﬁtig Par et OéllgFrsm and gap between copper

et @ sfRE Smb&imdRks! Be bhePmaly bdHaclidd Fodke M cribda@Rerein

copper meter bars with 5 resistance tenperature

subiiéetn@@kljor%(smfb)w slerabpst Brhavacteingtler temiparaturg abeys abputt Y°C. In
d,.th

oufERapS e oAb T AP DR ifiht BrbEbE R sypstantiaty

rigkiO4Fer abslit aamobil agirigh? aG@apadturd £HoRELBEHSE°C O +/ -

0.02C, a
In some embodiments, preferred combinations of materials of the present invention

incorporate Hatcol 1106 as the carrier, Solsperse 16000 as a sole dispersant, and a blend of
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25 1bF load cell nmounted on a X-Y m croneter adjust
positioning stage, a cool ed clanping 30 block (to hold
w0 b@sodwbed neter bar) nounted on the | oad cel PCT/HS2007/075974
heat ed cl anping block (to hold the heated neter bar)
using resistive heating and has its tenperature
controlled by a _controller and thernopcouple, the
zing x| der(ymelh pardigloizc gt butism.ephericahalymarnrs (IarasingEIal Hek
S
dish S IR SHRBREoLTRLI R P cp Bty
distdarisn}. 0 neasure and record tenperature, neter bar
gap tact force at ti |ntervals to a
spr 448 Q%éi% hhi@vGHHONgRaYs Yfs ¥ iR B Ot lgCt A pickaghsagfl may be
usdAb 29AR INER cﬁ@hﬁaﬁﬁﬁb?geaﬁ‘%oﬁpﬁ hédgsrts fBJ‘@kanﬁBRe %Qﬁlbfb@lectromc
procedures provi ded. The cool er was charged
die50/cBp thlaghamef dipapaionaledics. ditrpkleneorgt yanklages'm@j cgmgmse at least
ween the co r neter bars was apo
oni it S 18 SERBG 3 Bhpdrdiupatostis Routbd Leshgonhprate,

ther@glPEdndabtivie28easa g tHiv&RBh Oh tBeheap 9dutte, @hd R .incl@dithn
the unit was allowed to equilibrate. The neter bar ga

ad(hfl@@d thegmpl dibyipationricvige imtheunal 400 physieal somtpetrvgith thadie, Ruch as,
[ e h a I LE
o B bl e, A g ol B BPE B b Bergurep i ooy

subsoidnt tH&ﬁn@aﬁsshﬁtlm devitd Thaeli@maltacenduedde gmaeaohﬂﬁfmvennon
the 10 three |nd|V|duaI caneras fell within a +/- 3

aregitetud yrovids thramalreantact bstyiepn sadd dis-apd)thermal dissipationgdeyice.
AR AR L e iorfiey b6 L6 B PRIyt tact
betivaen galerambl dissipdimnniglice gud hicbolatg denicaadn am:ﬂlnaminﬁmkﬂnyent, the
j usted. to be abo 400 m.croneters. The s ces .
TG g Ry la?ﬁldmcyol?edu%ﬂ?@ﬁasweﬁaﬁéle%&eaerm%gw%e qqegng device,
thak R wiith&it\istHead ndXBbethe R sﬁﬂéad@tﬂ%&%e& M CGs bhelege&bntlon are
bef ween the neter bars read by each of the three
usdfnldinviilNUbandcEIvMe Haapptiedtiongd t hin a +/- 3 gmrange. An
excess of each TCG sanple tested was placed on the hot
net er bar surface and snoothed across the entire
face. The head was then cl ogsednvecks! anped i nto pl ace
with 20 about 10 pounds force (4.5 kg force) pressing
B 1 causi ng excess TCG sanple to ooze
out i,cal p @ﬁﬁ
" eaCBE‘ %Q%ﬁgc&giugge{ty %%g}é%dréd %M&ﬁ%qﬂ ?&ﬁord %Jlt‘ﬁ A
D-5470e01 o tha TG G earaples tisiag & HebeTahstsr 'Déstdrhaafaﬁeﬂile IfrohﬁCBstorn
wer e cleaned to facilitate accurate neg ﬁenen

Al"f%att%lph’&y RlpiaetNe ol hyiHgab hranshes Tgster Acgor H%FR Proposal
r§M pyRd41A a%@i‘h:%lhc@%sh@h fQk émuav{ls% Qﬂéh&% e of

ta was conti nuous recor ed Then the nec ani ca
meammmgvmmlhﬁﬁmsmé dap betazlebmvmnphemn'm barsfar upga®).@19 ibeh (0.254 mm)

| ower ed ab ut 100. gm and the e ce s T le a
8450 E‘&?%ﬁ‘?t% arp it a‘%sﬁtﬁ’&c%ﬁ@l’%@ f&e“ﬁc*ﬁ@‘i %geon%emach meter
baM\@2o&l8Pot0d| 1he\wsslcl @laﬁﬂ#ﬁé hiBEIaLS hBleth@Q&H&d Bt baY 1h§§ing an
as data was conti nuousl recorded. This sequence of

op¢retieg fange ehigomef8to b cam halddhe cacdant gﬁrmpm@trl@ﬁe t-<0.02°C, a

25 ??Peﬁnh nggla ﬁgteaégo r %wr?mgte% %(? }1§;[ p§§1?t8§191§ 6%%%121 c‘fooheg rclarnplng

blo@R Ptodiol ke Qogiet nidie Uz(@trﬁéuﬂ@af &n R NeadoRENSHeherKampink®lock (to
about a 400 gm gap, cleaned, and the procedure was

holdethe heasesl mefer biﬁ? UHBK FCSHHNP heating pgd has its temperature controlled by a

controller and thermocouple, the ability to add weights above the heated clamping block to
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WD 2008/ 030690 PCT/ US2007/ 075974 Extended Test
(Exanpl es 75-85) An "extended test" was run
WO dwanswal |y to the "normal test" except that BEEUS2007/075974
sanple was allowed to remain in the tester w thout
changing the gap for a mininumof 12 hours. The gap
setting chosen is optional, but should be greater than
adjpgighe;pentest darsc ph ghcanetechus Bpms> (o0 Nrandrngasn taypeesure and record
y S
e REAY melP S G ndien PR nd TR PUBCRELAR
e nt iThe st&ﬁlegysféhﬁlshé admeasird meter bhr@@dxzarwlhbﬂa&dme @dutlimtd in the

| ace, ing e TCG sanple to oo e 0
g prlggq: %@&TOVPE?‘E i@&:‘&%er\?ﬁ@ Cﬁ? 0%10 Bci@éwater and
ethtyfé‘Pl@ %13%1 il bEWRENHRREp AR %o@érm)ﬁrs%as sBEit BBSR 65@%§rometers at

were c¢cleanedto facilitate accurate neasurenent of

rodnh eengapatioe. {lihe heatceet poist was peraed 26°C akiehp rededet poiof at —5°C,
owi ng 10, m nu q i bratjon tipes, |l ectin

anifte DR fen BieatiBpte s Rr b tab biF oy fiRpiRE W dpout 400
miéBRRALTE. MDhd HLra6MC RhABRS a8 R_bIdNHES: bHas bvbretﬂl@nagi@@d ﬁﬁ@gﬁi&

for an extended tinme interval was reached. The
indiwigled] inagtenus turabuckiey unhkethe gap betweam thedngter kashicad b gaghoof the

r xtended tinme. The

thr?e m‘a%d&ua%%?erlas%W‘Q%Ht%ﬁe/'%15 dr% %ﬁf eani ng the pins, and

aI lowing 10 mi nute equilibration periods was r esumed.

No#Rall Tes€ as@mpMs Ashes)i nventive material with this
Ext ended Test, the gap either could not be closed

f ur tThe heateyrsee pRIngwirepw [ab $24 Comdythakadheradupainiotiab °C, and the unit
wag\?flcgvg%] to%lﬂgll éJ aJl"lileV 1111?1{19{)& ;§gp g%eﬁtt gr(r:noarl] ?&ulﬁﬁra 10111 glag ﬂl%gl’?amcally

adjusdd eebl ot sm&ma&smmers M@ SUrfeds i shed@dand colt hestdri Haﬁd were
gap of < 100, gmwth no nore than the 10 pound wei g

plapaﬂ@dkl@mrgdh% ividwd msieribgptuspbucklies Hatl the gan Betveen 1119 Mhcter bars
T th
ey A B S B DL oY o 3P 9RRY L
sanmpneexuess®, eadineT(EGrsampbxmedswa@pﬂatddeonﬁﬁehomethebmusface and

smpahad Aass B Brii oo e ignd S bupen SEHbr kLt lace with
ab(ﬁﬁ qg'pﬁg§ds fElbee (ﬁ '5|1<%h 0 a?’]gﬁ%‘ﬂgﬁé’é&%‘ij oh Mcthead Sdﬁﬁﬁ@? gﬁ%ﬁ TCG

for anal ySI S. is, the |ast )
sarpplie e goceid pﬁl‘é}@ nattert e gep vt agagehaicel stapewagsachednd his excess

T RS PG AT e o ehe’ Phes G Gt e PR i were

clegddg fhdiRtaleRvliralRUhkasufeatduist thy lgap/bpfheqme &dsior d¥eneras. The
di mensi ons of the cogper bars, and the |ocations of

insry@c TS 3l lonysertaeaibmtsrfonprout 1) piipuies §s dathwas continuously

ul t [
rec?)Fcio\%l r'}[%‘éﬁ g{%sinécjﬂ%ﬁl%a s?cq) \%%1 ﬂh%%ér/d t?ﬁglfﬁ%r 0 {neﬁtbgﬁ%ﬁ JO be lowered
aboetl 80 ubedand thbhesesd 'F@G\saﬂanSHgmro@zéd/@[tan dd gapran@Oas cleaned. The

i calculationsete dlng TCG s . Th i
InSEramsBY WA et oy AR sﬂwﬁé@t colpr bR 1 affm{lﬁtés Ayt Vapganinuously

al t
0188 SHAGRO0H Bk LRI Py S PR A

cleﬁ’ﬁﬁg Lﬁi’l@@c%/rdﬁig @Z‘eﬂt wikhrepqaedamtil & iealavedingwasfaktheypibalbeat a

[ d te the t t d
cf ol i HD it P L RS HAOS SR SBE PRt obBht O NS o
clehfdd, aed dlerﬁ%&au@a&a% réRlatedtBeihe next sample.
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used to calculate the tenperature gradi ent, the power

flux, and then the thermal inpedance for the TCG
wa200pl08060nder t hose conditions. 5 These cal cul BET/O8R07/075974

were conpleted for each of the neter bar gaps at which

the TCG sanple had been tested, and the resulting

thermal i npedance and average gap data was plotted. A
Ex 89he data using spreadsheet

Sof tyary gtena&fjtfegth Gval llluﬂ(ld%ﬁ@&ﬁgtte Wit %od%%s‘f’ae)&le#tathgtd[h?§’arnple

the I nverse t he nes The y-axis I nterce
waaalowdetosktmp inelietesttheithols eeﬁartgmgmle gup &ren hinémtulnerf| rmlhours

edance at a 100 rreter i scosity
Thee &ﬁ%ef@é%w&aﬂg i é@%fgﬁﬁ eeal 9259% B e %I}?ects of
theFHRAMBL MRS re%@l\y?’ AM e RGRUBE & O {RAshE W?ﬂ%@ed on the hot meter bar

Newcast | e, .~ The visconeter was run w di sposabl e
surfaderaoth s(ﬂ@ﬁthdd acr))sschhammre rfaqgarldiclhehd phathes closed iel ¢lagped into

sweep .node st t 5/secdnitial, 15
Pl R B 5T o daeReods 7t B AS00) DRET biatp @ o as
rerﬁ@sfed\&ﬁﬁl $pdpettovidl or Aint GlotiRand tHB pind e tH\BEkct BWEKREL dl€ined to
.25 mmfor a second run on sone sanples; on other

faoslaﬁﬁglaéeur@uqéneagwsnmtsofébﬁe gamlgy tha hrge lvgslo@tcamez@ rhite procedure of

TSGR e 5 NS PP s
vis\ingsies bid £pcaviigahs epds @adedntintidpursil e g@p choskb/feem extended time

. shear rate. 20 MIIi ng Procedure Roughly 40 cc of
integvplgvasrsachiedy The matesiebwig et drthei testesnng digaepptinued to e ollected

thr%lzyf%'#] ffll@lth Bgér%gﬂém O?H{:g ’_@%ﬁ%gf lo tlﬁg d %?éﬁnrg the pins, and

allqwinglllﬁtmunuwe:qbﬂ&kaitoanerladd—imkmmaed HWV 1/ 16 Mcro MI I

C § rre efrﬁberqnlvqu{zaveé]él_agerllage a\y t%ékls i’%ﬁ%fﬂg ge n,tstge?gap cither could not be
clo(smgﬁ%ﬁ%lﬂ@ be cloddifi&tly txﬁthtdalﬁltmnhll w&BRIRRY ARGl vibration of the

stirred mnth an air nlxer for at least 4 mnutes so as
hotlgr. Hi easod efecontrel mintspel ﬁargaplcnuhdwen@mlevtelbe redntTed for successive

e BOREts BRbL e dnd it 5 P S iCed (B B iRy weighe

(4. S\&gf@t‘é&)ﬁs@@oﬂ&?@lﬁeh@t&faﬂrﬁhﬁ@ The resultl ng m xture
was then mll t the maxi num speed of the Hockneyer

30 thadataveireegorist a¥enyrigl scpradybsiliF tnsigmenigndcopgaened a
tin%%&egﬁq?%ﬁgge ?%R@E ¥1§11n|e] Yh& @oqrc% 8{&1'%? fi'th éG 1{1 Wg rﬁgde%/ ﬁeﬂ‘tgap, cach

vap oraté un COU
of thetiediv eldalyictodiodr . ga@&taﬂlﬂgs, akl cableof tho TIDCET iD b@RsSr ‘mnlpbﬁdire

re sh bel o -12 WO 2008/ 030690 PCT/ US2007/ 075974
rea%r gwﬁdq yastgqpgnlqader 1%&@@@@%&?@&?@ I¥§is, eln(t(’ﬁ #palysis, the last

10 ggttra ¥int Mgecggﬂgeggggﬁg@i@e% Qger%éeslagg)ld 5t(1§3e0 %Q%@r@ Q99 for the

calculatlons

The power flowing through the TCG sample was calculated using the known bulk
conductivity of copper, the dimensions of the copper bars, and the locations of the RTD
temperature sensors. Typically, the calculations indicated slightly different wattage flowing
down the hot meter bar than down the cold meter bar; these two values were averaged for
calculations extending to the TCG sample. The temperature at the surface of each of the
meter bars was also extrapolated from a plot of the temperatures and the RTD sensor

locations.
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1.00 10 255 16.5 1100 d ossary Nanme Descri ption

Source BYK 361 Pol yacryl ate copol yner |eveling
w@XKsObwsmd e USA, agent Wallingford, CT 2,2' PCT/US2007/075974

Bypyri dyl et hyl ene A chel ating agent Al fa Aesar, Ward

HIll, MA bis-salicylimne DP 1 D anond particles

havi ng a D50 Tonei Di_anond, Engl ewood of 0.25 mand a

D50 T8¢ powsi thy aseraee of thethpp indivdaswrdcridur gars & terapgragyre drop

ac@.ssggg %M%:P%g %iyp’ , Q@g}g&g?sﬁﬁgﬁg’h%re@@t tﬁé Pg{/} c(aoq@ﬁ'fgteQ bc?l'l% e then

usdali t8csirlilpad the enphrathel grddiag, thg @otveStlue rnCidemi thathsrmal impedance
ryport, F180 Si C.Silicon carbide particles
fort'}flg%/'rprfg@v%ﬁiﬁ wg@afhom POulictro a D50 particle size
of  §9gBaMuNEHLARE wERIBmpl M RGRLAh JT8hd SieteMa &6t WAch the TCG

610 (now An ionic dispersant Rhone-Poul enc, anbury,
sarRpIODAF AGREst6d, @nd Mik iGsubiieg thefmd)impedamon disd avkrage ghp Slata was

o0 £ BRI LTRSS B gt
wabcdlcula@@)as bheDhdersd 6F tRS)inéd’ @I[@;EE‘.d Fhe g-agﬁ,in@ro'éptlatﬁ, thesl8pe were

Henan Hengxi ang Dianond H Dia (0.5-1.5) and 20-30 gm
theg)j usprbtocqal cafpte icvieermg hipappdandq abiad 00 up @iptor baigadt i vel y

Zhengzhou, PR China H Dia. 20-30 GC 20000 Silicon

.carbi de particles having Fujim Corporation, Nagoya,
Ll%?%?x) of 0.3 mJP GC 8000 Silicon carbide particles

havimg visebdityi da@mxp@n@tédogamﬁees% g@herhted @n M EHeoRRAMs RDA3
Silicon carbide particles having Fujim Corporation a

vispgpeter (TA dnstrrmentsobowsistle.diR). cHichiisfemsaar tyas Ires with dilspgsable
b . . 000 _Sili o
e e R U A R S

shdaCral® kit § poiaty/deasdei upeo P00/l shsarlrate Mie gafj Wil set at 0.5 mm for a
runc,:grrl ?hregtlévgenred to 0.25 mm for a second run on some samples; on other samples the
gap was set and run only at 0.25 mm. Temperatures of the runs were controlled to either
125°C or 25°C as indicated in the table below. Viscosities were recorded in mPa.s at a

1.25/sec shear rate.

Milling Procedure

Roughly 40 cc of 0.5 mm diameter yttria-stabilized zirconia beads (available from
Tosoh, Hudson, OH or from Toray Ceramics, George Missbach & Co., Atlanta, GA) were
put into the basket of a Hockmeyer HM-1/16 Micro Mill (“Hockmeyer mill”’) (Hockmeyer
Equipment Corp., Harrison, NJ). The desired MEK and dispersant (SOLSPERSE) were
added to the mill chamber and stirred with an air mixer for at least 4 minutes so as to
dissolve the dispersant in the solvent. The diamond particles were weighed into the
chamber and the contents were stirred for an additional minute to wet out the diamond
particles. The resulting mixture was then milled at the maximum speed of the Hockmeyer
that avoided splashing. The resulting slurry was poured into a polyethylene container and
the solvent was allowed to evaporate until it could not be detected by odor. Details of the

compositions milled are shown below.
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a D50 of 13.5 mGC 700 Silicon carbide particles

having Fujim Co

rporation a D50 of 18

m-13 WO

WQe®BNIBABI0 PCT/ US2007/ 075974 Nane Descri pt i BCI/B82900T¢75974
GC 600 Silicon carbide particles having Fujim

Cor por ati on
pnrti cles havinag

Euiim Cor por ation a

a D50 of 20 m GC 400 Silicon carbide

D50 of 35 m GC

Cdepmiabizon
of (IMa} @an)Cof

F3ddiampnd cof Mk bimte
a(mB0 of Nethyl BARCOL

por ati on, Haetdsg (g)di pent2d60§tdri t

viMid! Cgrigs

parti cles h

SOOGPERSH vl

Es4raond
ol Pamniles (g)

shor 9y 26hai n

NJ fdlat cp) fapgy aci ds (cag4ier

oil) 900

HATCRl5 02300

A Coapl exed pog(yol

ester 0%7 Hat co

900

pemt fiuﬁbyt i

[Oli

ano

shor §5§na| n

fatt )16%CI ds

( car r1| 1%6

T
ot 1)

anhydride and is
2949 A diester

al cohal (rarripr

FMIATOUUL Z2IJ0U I'\ U estet

of di ner

UI
al cohol

aqidsand Hat co
HATCOL 2999 A p

odecyl

ml\

tr+metttircHatco
(carrier

oi ) HATCOL
2-eth hex 1

I\/nI ester aqr

Hat co amsefipiion chajn f

atty acideuree

pent ¥2MEhri t ol
BYaérier oil) HA
di pentaerythritao

TR acBl 66 copqpinyoleve sige
lagamd short chain fatty

rBYK-Elatngio USA,
WallohgfdrdaCTi er

2,20 Byby MG 138 7] Ackanmieardt pol yol estlexifphcdal 8ard Hill, MA
blstsfahﬂﬁhﬂﬁﬁle pr opane, adi pic aci d, capryl ic acid, and
prTc acid (carr
le)? Hatco  di pentl lbﬁlgjﬂhb%rtfféé‘hgﬁ g(;iﬁo P&hé{%%@fsﬁc?ﬁanglewood
s carrer 2 é(ho A—Po “m "S"e" of
DP%t co ¢ 'Dfamond partlcfesﬁavmg 'a Dsy Natlonaf Dramond Research

of other than 0.25 or 0.50 um

Company, Chesterfield, M1

Ethylene bis-salycimine

A chelating agent

Strem Chemicals,
Newburyport, MA

F180 SiC

Silicon carbide particles having
a Dsg particle size of 80 um

Washington Mills Electro
Mineral Corp., Niagara
Falls, NY

GAFAC RE 610 (now
RHODAFAC RE-610)

An ionic dispersant

Rhone-Poulenc, Granbury,
NJ

G Dia. (1.0) Diamonds, 1.0, 1.5, 3.0, and 30 | Diamond Innovation,
G Dia. (1.5) um diameter respectively Worthington, OH
G Dia. (3.0)
G Dia. (30)
H Dia. (0.25) Diamonds, 0.25, 0.5-1.5, 2-3, Henan Hengxiang Diamond
H Dia (0.5-1.5) and 20-30 um diameter Abrasive Company,
H Dia. (2-3) respectively Zhengzhou, PR China
H Dia. (20-30)
GC 20000 Silicon carbide particles having | Fujimi Corporation, Nagoya,
a D50 of 0.3 um JP
GC 8000 Silicon carbide particles having | Fujimi Corporation
a Dspof 1.0 um
GC 6000 Silicon carbide particles having | Fujimi Corporation
aDspof 2.0 um
GC 4000 Silicon carbide particles having | Fujimi Corporation
a Dspof 3.0 um
GC 2000 Silicon carbide particles having | Fujimi Corporation
a Dspof 9 um
GC 1200 Silicon carbide particles having | Fujimi Corporation
aDspof 13.5 um
GC 700 Silicon carbide particles having | Fujimi Corporation

a Dspof 18 um
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di pentaerythritol

and short chain fatty

oil) HELOXY 71 An aliphatic epoxy ester

acids (carrier
resi n Hexi on

wep@siosepyy Chem cals, (carrier oil) Inc., HouBCDHOS2004075974
HELOXY 505 An aliphatic epoxy ester resin Hexion
Specialty Chemcals, (carrier oil) Inc. | RGANOX 1010
Ant i oxidant Cib anm al ty Chem-cals, Tarrytown, NY
KADON®ME (0. 1) |zi nc OxiDeseription and 0. 3 gm Hor sS1Ese
G@oihor ati on,  KAKMc@BGriOe Byrtidicatreting , | Fespddirparetign
Monaca, PA LithijuDgio€d0ane A fatty aci|d salt (ionic
GBa@y | ocher USA, |Qinedrénabide paﬂb&@ﬁﬁﬁﬁ@t )Furhi Mrp&@tion
(<5) Sphgr!cal nupb%bfggwgg gn1hbvape; VWkoff
NI cKel 4 ' ;
e leleamaraa@g%I@@% PR T EPGHGEon
Q/l NN Na e
ARS8 0a) si1] %\7305% Sé@ man‘éﬁla&ffo BBfszgipn: Fords.
Corporation, Pardpengeryt ?’ﬁg £(Hatco
Pol y(et hyl ene gl \/f@'@i}’Wldﬁ* CrEr Ay Aldrich Chenmical Co.
HAEBGORhG380 nunber |adv spmplexpd palgolkestsr o [niddtecul ar
wei ght of about |98@tacgahnitobrandishémpohamer i c
di spersant) RHOQDARAGciREGadkr Ailpol yneri|jc di sper sant
HAYCOE 2P0 enc,  Gr RARWFeY of el PLUS 5201fcpol ymeric
di spersant Novednup 5ﬁﬁeaﬂal§HQ§MQﬂ@ﬁM10f Lubri zo
Cbrporatlon d qg ap &D OH SOLUSPERSE 1/6000 A
Uur SpPTl \UV 1k UUbI
AARITIRS cor oor dr 61165‘ eh %Clg T 24000 A
nol-vieric—di sper %Y]RW 0 q EQHITIGI' SPERSE 39000—A
HAG QR di sper s%ﬁ?lymb%?mr periacrytisrol |Afate 0.4 5)
Spherical al um ruwdsboriehain Rittvaacglsr p. , Mard H Il, MA
Sph. Al (10-14) |3c@ri4r6il) 10-14, and 17-|30 gm
HATCOL 3165 A polyol ester of Hatco
dipentaerythritol and short chain
fatty acids (carrier oil)
HATCOL 3371 A complexed polyol ester of Hatco
trimethylol propane, adipic acid,
caprylic acid, and capric acid
(carrier oil)
HATCOL 5068 A polyol ester of Hatco
dipentaerythritol and short chain
fatty acids (carrier oil)
HATCOL 5150 A polyol ester of Hatco
dipentaerythritol and short chain
fatty acids (carrier oil)
HELOXY 71 An aliphatic epoxy ester resin Hexion Specialty Chemicals,
(carrier oil) Inc., Houston, TX
HELOXY 505 An aliphatic epoxy ester resin Hexion Specialty Chemicals,

(carrier oil)

Inc.

IRGANOX 1010 Antioxidant Ciba Specialty Chemicals,
Tarrytown, NY

KADOX 911 (0.1) Zinc Oxide, 0.1 and 0.3 um Horsehead Corporation,

KADOX 930 (0.3) diameter, respectively Monaca, PA

Lithium Stearate

A fatty acid salt (ionic
dispersant)

Baerlocher USA, Cincinnati,
OH

Nickel (<5)
Nickel (-400 Mesh)

Spherical nickel powder, <5 um
diameter, and nickel powder,

Novamet, Wykoff, New
Jersey

< 35 um diameter respectively.
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S ph. Al (17-30)
0. 25 gm di anet er

wEeyboswod Ciffs,
t he The Dow Cheni cal
caprol actone with trinethyl ol

M dl and, M

(carrier oil) Ti

di ameter, respectively

di anonds Tonei Corp. o
NJ TONE 305 A polyol

addi tion reaction

nasten (1-5) Tllnng en

T Dia. (0.25)
f Ameri ca,

r esul PCTYSI0OTONSI74
of Conpany,
pr opane
n\/\dpr, 1-5 and

<50 AN4me Cor p
OXgbat@4er respect
oxi de particles

V\Z‘r‘d Hi I\QeSCl"iHTémget en (-
i Sibtay 40 Maseracthisskdrng e\
Fuji m Corporation, Nag

325 NeshYousce
BaORS Gorpmiationy
deasippdnayNig a

PEOSOis@fardde 25 m J 3
gm Fujim Corpor
particles Fujim
500 Al um num oxi
havi ng a D5O of

IC}

Rty (hy KO0 Q13N Wistdrto]
Haviig a SR EeEadA 4000

rﬁ&l’é@&éﬁkt Bt ofABYLIB 02

ggaﬂ?%f @VP cfidl I'm Cor

at ed Bi s( pe
s san (p

o~ i onoarcant
T 1T U O

nA&ldeicRIOASmical Oo.,

MWL eemagxi de
D50 of 3.0 mWA

poration
nt ane

RIS RERE BRe R

vacuumto which

MCTT STUITL,

p%ﬁomqmcglwseﬂ%. cal

was added 25 g (ﬂ 476

Sit

§$qn§| P a%;%gg Granbury,

Jii val ent q\

SOLPE.USeitlane di ol
W, 54.3 g (.476
Al drich Chem cal

A polymsiigdispRrsapieni cal
5 equi val ents) caprol g

Co., and 8.0 g (0.054

Adoveom Inga alselsidiary of
cltwbmeof €anporation,
e0lair ol ahd WS )

SOUISPERISH r690g0odi g
DuPont Chemni cal §

contents were st

salpbBnseieidpatsahe avai l
, \Ili\lllmngtokiir%ba DE. The
irred and heated to 170

abbweoh @B subsidiary of
rﬁﬁﬁfz@f Corporation,
Eidihf otpcuum

SOESPERIEMIRT °0

YA iy e P APERERS 0090

Noveon,ﬁlpp -

/I 29

SO SPERSE 000 22

EPSI I\1},[\§UOEJU
/é.m

JaYePp g,

Sl (fgron%tpypr odud
Sphi AH18-1¥heor et i G
Sph.34A(17+30C8 Modi f

yﬁwae%p‘ef’s‘dmn ; Q:”L
tSRRSECE aRyrAKM Nogeyi sc
a-044f1, 116ri4t endeliud@ ument
i daginefet, irespeetaishpar ti cl d

o@]ifil 930m ,quHi Hill, MA
wei ght of
s", a nonionic,

T Diaof0gzni c di sper
61.42 g BS1316 i

A pmvwsmpeediamedds 5 b
sooctyl tri nmet hoxysi | ane

yTarnetigianp.nd” America,
KdMekeyd Cliffs, NJ

TONE Bgones Corp.,
1- met hoxy- 2- prop

siIicainalgaIJ

shaken to ensure

ﬁ%ﬁly@[‘resulMl fromoh® g
afiq tlo"ﬁ'}gacjﬂgg £9 NALCO 2

E[met%;'ﬂ& Led

+han nl

The Dow Chermcal

E@Qné?{%a id@ahd, M1

m [xt ur
|n an oven at

U\J\/ I III \‘JIIL .
oven at
Tuagﬁtfpm -32pMeglvo

IC LILILJ I\L Pw ] ll C1

1 StFBP Wésfu
-um,fqilazmat@rrrﬁs:neawem vnl

AT

i Mﬁ$sachusetts

WHi38pee sant, was
nechani cal stirr

phluprnwed okide partisiest or e
drayvingi a Do@éN.2pwmge, and

dquiipddrpavation, Nagoya,
Kpstill ati on

WAapma .08 whi ch
di net hyl -5-sodi g

walsngheggad, 20 tum
sdibheiesopht hal ate (42. 6

Fujimi Corporation
g, 0.144

wARpeg. avallabl g AfahiM bR pb&iMEsCal S| Fujimi Corporation
having a Dspof 3.0 um
WA 500 Aluminum oxide particles Fujimi Corporation

having a Dspof 30 um

“Sulfonated Bis(pentane dicaprolactone)”, an ionic dispersant, was prepared in a

reactor equipped with a mechanical stirrer under vacuum to which was added 25 g (0.476

equivalents) 1,5-pentane diol from Aldrich Chemical Co., Milwaukee, W1, 54.3 g (.476

equivalents) caprolactone from Aldrich Chemical Co., and 8.0 g (0.054 equivalents)

dimethyl-5-sodiosulfoisophthalate available from DuPont Chemicals, Wilmington, DE.

The reactor contents were stirred and heated to 170°C with a vacuum at 115 mm mercury.
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W m ngton, DE), polyethylene glycol having a
nol ecul ar wei ght of 400 (115.1 g, 0.288 noles, from
w®owsChent cal Co., Mdland, M), and pol ypr opyPEnEs2007/075974
gl ycol having a 15 nol ecul ar wei ght of 425 (122.3 g,
0. 288 nol es aval | abl e from AI dr| ch Chem cal Co.,
M | waukee, , and xyl ene . The reactor was
The resgign Wé%\@@aplfc@ aftppthragd aaﬂﬁ@a{e Was Fmalyeed By HéippseespepEoscopy.
t )
Th? éiglglﬂ%Pdlélﬁ g&ts ﬁ%?&tdfa 1&w éi?sgl%m% li w% ?‘Eh%iqgtgcgb%&ﬁ¥°t‘1gé fqﬁlvalent
wewghtt bf €2com t ant dlstlllatlon of nmet hanol fromthe

reag tenperature was reduced to about 160C
and %M?S@S@ém DB st BN [PgaRig dispersant, was prepared
by rc@ﬁH i@ 49 %B‘E’Srl@lé %606’{9&1@%1@%%%11@1{@@&7 GARL SMcBn M E ., Adrian,
coo ed 1o 12 under nitrogen to yield a clear,
MIg.0l 90 Igelsmeoky-Gprofidre] @kl £¢0 o/ NIAd IO A320 deloitahifiedint o1 gallon
t.he theoretic suI
Elogtr o AE P S TOLES 1P SURH PG S 5T g0 e e 80°C
ov&Hlgh® Nehelixturb GRA thATEHAd i8 3 Flow thadlighQVek afl] 5P€18 Bf¥duce a white
was prepared in a reactor equipped 25 with a
pamselateriodd] stirrer, and nitr ogen pur ge i nto which was
adde 7 d 4 ,
(0.0 E?[%é%u%\g%?éln% d)p ;{%16 grs aT i T éar%d %rh e el Squipped

withhemedasicalrstieen tnamg&n\pefge, &id dm;tﬂnhuam dpﬂmatlmhtch V\2|a5 QRarged with
with a constant ni gen pur reaction

dl%hﬂr%ﬁ@lwfe}soahthalaﬁ 426 gabh F“én}%‘sg %lwalﬁkyfé@rrb?ul’ont Chemicals,

e I
Iﬂfng\f}l{né g(])iz p;t?o y§e{t R OgmoTﬁgvmé ﬁgﬂ&lgﬁlﬁ%ﬁ@%}g}@%EO@ (pl 01M.0.288
modep froml Bow Cheimgdul Cof, MidGin@iSMIR nd bd’l@iﬁp&l&ﬁe ggPA ' havaryg a

i ‘?avde'laﬁﬁeﬁéﬁ%&@”ﬁa PSRRI APl GER DGt Gl Co.

Mitd ke Wg ggoTﬁe RYBoY 3§ §‘lto§fly HQR& to226° d’@r about 1
2008/ 030 /US 007/ 075974 305 from Dow Chem cal

ho@do reraot t_he @y@n@ 02@1@35@&1‘@({()42\@ |V@ﬁ then added to the reactor and the

t et rachl or,0 m, Al i.ch en ca
teriet PR 2 r S i eBpsasty Bl dhshlisfeb it §Birom the
rea‘dhérh Phe t‘éﬂ?éiaﬂﬁ& wak FReeNtoRIBOGE 60T0@nd 8aCT b (SI\)V&&cuum was
nplete after 4 h and a sanple was anal yzed b

applrﬂdrta thecresipang modeisgyr 3ormenttesnal hepypat@a@twqmgmde@t%b?&"c under
S r
nilg@8h 4 TR itor gt BB ORI B vy Ribhined g be
3 l@grmtﬁ @H and tispthedretical Eulammke&iscquma&mm@ht was fotind tabe 1882 g
of dj ﬁg@és was weighed into a watch gl ass. Any
polyfug ﬁl pyltpmatedet i ve i ngredients, if present, were
al se r
oy AT S o e ARG SRS prilsd B Rhotpdauipped
withi axh ech@nisalsstister randdutmgeh pargmntﬂ)l wlsplatval addedt4iSlg OHR41

caekaPRR 19 oMty i ke (0 I Ese e bl g anhydrice

ThelkSRRY SMEALS We%tfrfe%ran@ ihkatedtot 30°€ vieflh 8tstaak hirogen purge. The
starting with the smal | est E@;tlcle si ze distribution.

reagherhwes carhpletetaigr frhilang asampiscviseaalyaed by indrared spectroscopy. The
finfh ALt (O Ao PR B Tt Fb B tBesypont aigupatent weight of
18gpat ul a before adding the next distribution of

theLnaII conductive particles. If necessary, the

t her RANEB@oHdRA T i apdow dispersemnpasprerand iinsrdagtar eqripped with a

meR@Han?¥a® Stirrer, and nitrogen purge into which was added 10 g (0.1 equivalents) Tone
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(110C) to reduce the viscosity of the conposition to

facilitate mxing of the thermally conductive
w@aoosislees and/ or subsequent additions of therPg&l/U§2007/075974

conductive particles. The resultant thermally

conductive greases were transferred into and stored in

capped glass 20 vials. In cases where the thermally )
30% Gaedeew Gacwigal Cel ard 118 2409PR3 T Bpetaéy ,tettaﬁhlompénth@iw gphydride

. b . g o
o A o P RloPtortft Erd AR LATR IR 05 Gt o
comatamt nitrogbn pengal Mhagackiepessaniplete aashll ynd osanifiewas analyzed by
. forpul ati on then determ ned and was wej.ghed .on to .
mfgarﬁp@ﬁtracag%. 4l QFAGURT W 3336365103%5908@‘1 liftagiviftge théoretical
acitiRESR aLRSGELRES ZRyoabove. M xing Procedure | The

anti oxi dant "and silica were weighed into a 115 mm

di aneter watch gl ass. The dispersant(s) and the
SamalerRreparatidn wer e t hen added, followed by the fine and

t he _nedi um 30 thern%l)g corlwdu tive particle :
di sEFFBUE? BASY IrECHHOHX PR SRaSSRITATF BHM 1 O dfippiafnts was
weRdhRl Wid a WHEH Sladsh e fUTRENAEMON B ¢ IMYESAE R Hrei&S Were also
snoot h and uniform bl end. The coarse particles were
weidhed ontddbd watrll gidve. Canicenilés).of prehentwmascildgd tisthe vspersant(s) and

[ tirred/ k d ith th t al t ul ti.l .
B Es Rsb e et wll ST obte il o Fomrae BNt Ty Mikea imo e
cati@e813.S @ﬁé’rmalla @ondultiVh ZB0RE Q3RO Pl the'IZPORARIHRddicr oil

mxture was heated in a hot air recirculating oven set
migureaisquentiplp. staroae pathrteeisrad lashpartiele msp disfiilydioni Eypchaeicthe
A AL, ARLTHE PR 8RBl SOSI ero
miktukd withla spedlSpatnlatbeort @dding @t nekt Mswtibsitibhenthermally conductive

transferred to a glass vial, capped, and held for ]
paitigles nf| neeesstiynie tierpplly pepdvetivegigrss qompppigion was heated in an oven

L : g c - o

(1 RE} BT e SR 0P GRARATBh 36 fopi L RRLRERD pormally
comprictips pptitlenand/arsubSdyiazntbdOitignWhf thern@uly ' confluaive particles. The

m ackt ek, Inc. .Landrum SC). The f.inest of ({1he
resH U BEMAY £ORISHY SHEARA Y THEHSRETGHR dPASEredhia cepped glass
viadnd 10 the cup was capped with a correspondi ng

screwtop lid and inserted into a Speedm xer DAC FV

(f r bnedseavkerekhe thamnally cphduye partickos woraprerdispeesicd 3po@mount of

.rpomfor, 30 seconds.. The unj,t S..opene t .U

Gisp BT Kb SERRER kAR roBRufRRRRde gkPinGPR wep salculated.

Thasowe Jh@8ainingtddspefientGiéPessdiy Eo Lt P fovatl Adaiwhs Gh@SRebrmined and
inserted into the Speedm xer, and run at 3000 rpm for

wag g eighed o 40 a Prechuglass. s rapaning sisen aw, idemisalkigphess Wevasiped
d opened, and the coarsest 15 particle size was
wei ghed into the cup. The cup was cl osed, inserted
into the Speedm xer, and run at 3000 rpmfor 30
MisRe@esduddle Speedm xer was run anot her cycle at 3300
rpmfor _one mnute. Mxtures containing alum num

powd 8 apigxedanp endilifa yerwertighpdiiptogbblp mmobanetghyaichglass. The
. 1 o i t .
R R T L
thesmmidy boraindtivepaoel endistrénudionsTHBha st iwag siiirdd withermethl spatula

, stoyfed.in the . .
untl\l\iatﬁe combination otI ingredients was a smooth and uniform blend. The coarse particles

were then added and the contents of the watch glass were again stirred/ kneaded with the

metal spatula until the composite was a smooth and uniform blend. (If necessary, the

-17-



10

15

20

25

20 m xi ng cup. Exanples 1-64 The conpositions of

Exanpl es 1-64 are shown in TABLE 1. The conpositions
wW@Roosswmapl es A-N and 65-74 are shown i n TABLBPQI/UTABLE 5974

3 shows data resulting fromthe 25 neasurenent of

bul k conductivity and thermal inpedance for sel ected

Exanpl es. TABLE 4 shows VISCOSIt{gdata for selected
migEhRelcatedip afot pinoBIoBleBLHO FITCUL 2007y IPSHPAC torpgee the

r I
saré%lrgﬁsg@{yr élrﬁtallaw ea@gf‘%ﬁlﬁc &%tcéﬁ%?le? 1’)?18%1%%??\'[3 (}1&1%33:560n ]t_lce the last
mik5e), dli;tﬂiﬂzut@d%lﬁhd babh adiviGOd UG d:‘t@péi?ﬁédérﬂfé resulthdOBIM &za8 2en
Ssgl RSE 2000 4000 % é 39.000 (0. 36)
trapgeryes) to axglasp)vigls 3«:@;3136% 17(13 dsf@)th(’ yes{iag0) HATCOL GC
GC GC 400 2 1106 (0.37); SOLSPERSE 20000 4000 (3.88)
Mi 900§ (0.36) (2.08) (2.97) (35) 3371 (0.37)
HATCOL SOLSPERSE GC GC GC 400 1106
O IRy ant&ﬁcﬁ)cﬂ)iht 20A0r 4200n Blabla T3Persant(Y.pAdKagé 2and Thrrier fluid were

all %@%ﬁ ui@%% 3)@,91@%%@@ & f'(‘r’aééﬂﬁ ‘&éég Cgléoogﬁ\rag%% 189y

Laﬁ&fuﬁlo\o’c OTQQTmé@ o?t%)e hifedPiskBationsOvas tRePw egﬁ&pﬁ;ﬁo the cup, and
GC 400 5 3371 39000 20000 4

the(@p M)s c@@e@@)ﬁh(egq@@}pc(nzh@):re(\xaﬁ)p lidungd 1@seﬁe<ﬂ-|mTQmﬁpeedmlxer DAC
FVS@‘O%FI %gel%jl%z% Oe(%gmg@)% %vZa% gl)%lg gt%:%ggooo%rélgoo secénds 2[)he unit

was opened, the cup removed and opened, and the next coarser particle size was weighed

into the cup. The cup was again closed, inserted into the Speedmixer, and run at 3000 rpm
for 30 seconds. The unit was again opened, the cup removed and opened, and the coarsest
particle size was weighed into the cup. The cup was closed, inserted into the Speedmixer,

and run at 3000 rpm for 30 seconds. The Speedmixer was run another cycle at 3300 rpm for
one minute. Mixtures containing aluminum powder were optionally heated to about 100°C
and run for another minute in the Speed mixer at 3300 rpm to assure that the combination of
ingredients was a smooth and uniform blend. The resulting TIM material was stored in the

mixing cup.

Examples 1-64

The compositions of Examples 1-64 are shown in TABLE 1. The compositions of
Examples A-N and 65-74 are shown in TABLE 2. TABLE 3 shows data resulting from the
measurement of bulk conductivity and thermal impedance for selected Examples. TABLE

4 shows viscosity data for selected Examples.
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GC GC GC 400 SOLSPERSE 20000 4000 7 39000 (1.10)

(2.09) (2.93) ((35)

HATCOL (0.09) (2.10) (2.93)

0.3 3.0 HATCOL SOLSPERSE GC GC
wW@0808068 1106 39000 GAFAC RE 610 20000 4000 (BCBB$2007/075974

(0.27) 0.3 3.0 (35)

337

(0.37) HATCOL SOLSPERSE GC GC GC 400 9 1106 (0. 37);

39000 HI MOD 20000 4000 (3.88

HATCOL (0.27) (0. 09)

1

(2.09) (2.94) 0.3 3.0 (35fAB1 (0.37) HATCOL
R o { 10) 104 a g;)) A %ﬁ%ﬁ %%f—lﬁ) Particle
\ ' ' z (2
VD 2008 030690 PCT/ US2007/ Qg 5 )| e
Drspersant|("2) Drspersant (2)F PHATETEg
il erd@ (9) () (9) (D50, mlohDEOLGH | GC 400
4g YPERSE GC 6C GC 400 g37 97y | G2
1020000 4000 (0. 09) (2-09(k§ 9% | 69
A (02703 {3012 HATEO: SELSPERSE
33% L GC 400 3371 39000, 1, 27) , 000 GC 400
( R0.27) (2.09) (2.94) |(3 0 3y | G359
T BRSE Lithi um St ear at ew'%) ce (35)
(6—37) 39666 0-09) 206004690 3-89
27) SORSPIYSH(2. 93) (35) 3371 (0, D. 303, 4 GC 400
OLSPERSE 2,|2' Bypyridylethylene(2 SC( ) (3.84)
400 3351 0.42) (0.35) 03 | o | &Y
HATCOL SOLSPERSE ZOS(% 40((})8 GC 400
4 3371 39000 - (9.81)
(5.28) | (7.40)
(1.60) (0.90) x| Go | 69
HATCOL SOLSPERSE 2 Of)}(i) 4 ()((})8 GC 400
5 3371 39000 - (3.89)
(2.08) | (2.93)
(0.74) (0.36) 63| Go | ©9
HATCOL SOLSPERSE ZOS(% 40((})8 GC 400
6 3371 39000 - (3.82)
2.07) | (2.90)
(0.85) (0.35) 63 | Go | ©
GC GC
; SOLSPERSE 20000 | 4000 %94(%0
] 39000 (1.10) - (2.09) | (2.93) ;
03 | co | @
HATCOL GC GC
o | 1106 (0.37); SO3L9%1(’)§RSE GAFAC RE 610 20000 | 4000 %;90)0
HATCOL 027 (0.09) 2.10) | @93) | g
3371 (0.37) ' 03) | (3.0)
HATCOL GC GC
o | 1106(037); chggggRSE HIMOD 20000 | 4000 ‘%gégf
HATCOL 027 (0.09) 209 | 94 | S
3371 (0.37) ' 03) | (3.0)
GC GC
HATCOL SOLSPERSE GAFAC RE 610 20000 4000 GC 400
10 3371 39000 0.18) 210)| @9 | G8D
(0.75) (0.18) 63 | Go | ©
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3371 39000 bis-salicylimine 20000 4000 (0.93) (0. 15)

(0.08) (0.02) (0.50) (0.70) (35)

0.3 3.0 15 HATCCL

WOGMSPHIRSE Et hyl ene bi s-sal yci m ne GC GC GC 40BCT/BS2007/075974
39000 (0.02) 20000 4000 (0.92) (0.15) (0.08) (0.49)

(0.69) (35) 0.3 3.0 16 HATCOL SOLSPERSE BYK 361 GC GC
CC 400 3371 Qqnnn (0 0‘2\ 20000 4000 (n QR\ (0 16)

Ex0 | eyrigrQik 3 Pi ([35) Dispersante) 7 HePakticlsPayiciegpParticle
-- |GC €T &C| 400 71 39000 20000 4000 (3./87§®) (0| 83Ip) ®
(0127) (2.10) (2.92) (I135) 0.3 3.0 18 HFiD;smgrgﬂzgpm Ds, pm)
- - | W AWM 5861 sFRsEI000 30000 4000 (3.(83)SC (0. GC 400
1€0; 26)3¢2. 0P) (33)()@@) (130) @2 BEGIOQ pA Wl (3.89)
SCLSP§8$5 WA (500 3374039000 3000894000 (2.92) | 35

83" (0 ba) ((n Qm (2.07) (2.90) (30) 0PR B 39

I%QQEP@@@@Q SPERSRERSE |GC TEEAGRATOOL 3¢ §5) GO000 £60d0 GC 400
4000 (37183) (oiﬁ@go(z 07) (2.906%7X35) 0.323008900| 2400ONE (3.90)
305 SASPERSE Sf-f£0natled Bi s(pentane GC|GE2&® 400294 | (35
(0/75) 39000 dicapral actone) 20000 4000 [(3(®R) | (B.027)

180/ 093ATCOIDH) SPRSRERSH(35) LohigmPtgratoo \\DO 208/ 036690 GC 400
PCTAWUSZ2087) 075939400 Ex.| Carri er(06P) Di sper 3P () 4000 (3.89)
D spBAtEnt (2) R&PDiclle Particle Particlle 9% (g)2.0g) (35
(g) 330M8G) m (D50, m)| (D50, m) 22 TONE 30R3)S S@QR
13 CPA HYSi QL pd SOTREERSE |GC 2@CBa0idylethylenc GC GC 400

3371 39000 bis-salicylimine 20000 4000 (0.93)
(0.15) (0.08) (0.02) (0.50) | (0.70) | (35)
(0.3) (3.0)
15 HATCOL | SOLSPERSE| Ethylene bis-salycimine GC GC GC 400
3371 39000 (0.02) 20000 | 4000 (0.92)
(0.15) (0.08) (0.49) | (0.69) | (35)
(0.3) (3.0)
16 HATCOL | SOLSPERSE BYK 361 GC GC | GC400
3371 39000 (0.03) 20000 | 4000 (0.98)
(0.16) (0.09) (0.53) | (0.74) | (35)
(0.3) (3.0)
17 | HELOXY | SOLSPERSE - GC GC | GC400
71 39000 20000 | 4000 | (3.87)
(0.83) (0.27) (2.10) | (2.92) | (35)
(0.3) (3.0)
18 | HELOXY | SOLSPERSE - WA WA | WA 500
71 39000 30000 | 4000 | (3.83)
(0.94) (0.26) (2.09) | (3.00) (30)
025 | (3.0
19 HATCOL | SOLSPERSE - WA WA | WA 500
3371 39000 30000 | 4000 | (3.83)
(0.94) (0.26) (2.07) | (2.90) | (30
025 | (3.0
20 | TONE305| SOLSPERSE - GC GC | GC400
(0.85) 39000 20000 | 4000 (3.83)
(0.35) (2.07) | (2.90) | (35)
(0.3) (3.0)
21 TONE 305| SOLSPERSE Sulfonated Bis(pentane GC GC GC 400
(0.75) 39000 dicaprolactone) 20000 4000 (3.88)
(0.27) (0.09) (2.09) | (2.94) (35)
(0.3) (3.0)
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(0.85) 39000 305 20000 4000 (3.83)
(2.07) (2.90) (35)
W@PAGRE 610 GC GC GC 400

4000 (3. 85)

(0.26) (2.

07) (2.91) (35)

(0.26) (0.09)
(0.3) (3.0) 23 TONE 305 SOLSPERSE
(0.85) 39000 (0. 09CROSHOT/075974

(0.3) (3.0) 24

TONE 305 SOLSPERSE -- GC GC GC 400 (0.75) 39000 20000
4000 (3.88)  (0.36) (2.08) (2.93) (35) (0.3) (3 0) 25

ExaTaprics@ibpoPispersaiif( RE Bispersmide) GC 4Bartics yRariighyParticle

0] 09) {20000 4000 (3.90 0.74) (0.27) [(2@®@9) | (Xgba)| (@
Eqra) )(n 3)1 (3. 0) ga H )T(‘n( sql )QDI(:IQQF )mélhﬁmzﬁ_égg@umpwm pm)

2&C| GEOXGE05 B35QLSHGHHE |( 0 TN metiod ADH |(3.®0) | (6C74) GC 400
(0/27)0€%) 09) (P0¢2) (|35) (0. 39? (3.0) 27208%c04000 (3.83)
SOLSPERSE GAFAC(REO)610 GC GC &020 3371 @9bp (B%0g) 9
20000 4()()() 3.88) (0174) (0.27) (2 09) [(2(®GR)]| (38))

230. 35rog 5| 280 E |SOL SBRRE’ BEPtbnatjed @C GC 66 | GC 400
400 3831 (0. 740080000 pent andBPD capr ol|adiWhe| 26880 | (3-89
4000 (3.89)| (0.2 (0.09) (2.09) (2.93) (@%) ((@-.932 (35)
(3/0) 29 HATCO SQ SPHRSF -- GC GC F180| 397A) (0. G4

2390000NBGO6 | 260DSRERSE(3. 88) (0-36) (2. 09) G&. 83) GC8() GC 400
(0/3) (Pg50) | 30 MAGLCOL |SOLSPERSE -- GC G FI®O | 1409 | (3.8%)
39000 20000| 20000-8)C (|3.89) (0.74) (0.36)208) 10)2.93) | (3%
(2193) (80)| (0.3) (9.l0) 31 HATCA SO_SPER@@) - 206
26180 HASEOL 3960DSERRAK] 200G AGAC RE 610 GC | GC400

3371 39000 (0.09) 20000 4000 (3.90)
(0.74) (0.27) (2.09) | (294 | (35
(0.3) (3.0
26 | HATCOL | SOLSPERSE GAFAC RE 610 GC GC | GC400
3371 39000 (0.09) 20000 | 4000 | (3.89)
(0.74) (0.27) 209 | (92| (3%
(0.3) (3.0
27 | HATCOL | SOLSPERSE GAFAC RE 610 GC GC | GC400
3371 39000 (0.09) 20000 | 4000 | (3.88)
(0.74) (0.27) (2.09) | (2.93)| (35
(0.3) (3.0
28 HATCOL | SOLSPERSE Sulfonated GC GC GC 400
3371 (0.74) 39000 pentanediolcaprolactone 20000 4000 (3.89)
(0.27) (0.09) (2.09) | (2.93) (35)
(0.3) (3.0
29 | HATCOL | SOLSPERSE GC GC F180
3371 (0.74) 39000 20000 | 2000 [SiC (3.88)
(0.36) (2.09) | (2.93)| (80
(0.3) (9.0)
30 | HATCOL | SOLSPERSE GC GC F180
1106 39000 20000 | 2000 [SiC (3.89)
(0.74) (0.36) (2.10) | (2.93)| (80)
(0.3) (9.0)
31 HATCOL | SOLSPERSE GC GC F180
3371 39000 20000 | 2000 SiC
(0.74) (0.36) (2.09) | (2.94) | (3.88)
(0.3) (9.0) (80)
32 | HATCOL | SOLSPERSE| GAFAC RE 610(0.09) GC GC F180
3371 39000 20000 | 1200 SiC
(0.74) (0.27) (209 | (93| (3.89)
(03) | (135 ] (80
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(0.74) (0.36) (2.09) (2.94) (3.88) (0.3) (9.0) (80)
32 HATCOL SOLSPERSE GAFAC RE 610(0.09) GC GC F180
WG2W$/038000 20000 1200 Si C (0.74) (0.27) (2. 08)T/(2098)75974

(3.89) (0.3) (13.5) (80)
PCT/ US2007/ 075974 Ex. Carrier Q|

-21 WD 2008/ 030690
Di spersant (2)

Dispnersant ’)\ Particle Particle Particle 191 a)_(a)
E{—'Q Carni il MM) %lepﬁgsantgg! HATCBartigty 5&@&' Particle
PEG D &earate GC GC F180 3371 39000 (0./09§®)2000082000 (®
SLC (0. 74)1(0.27) (2110) (2 93) (3 88) (Mg ) Dy, ym) (Ds, pm)
3380) HIGITCOBOLSBRERSERSE | (REQUBHIcpiated si|l i GC G cBC | FI80
F180 33371 89000W%%hnoparti cl ed0-99000 2oc02@0@ 32@@3 SiC
(0] 74)076). 36) (V-80) ([2.09) (2.93) (80) b?) 9.(H93)35 (3.88)
HATCO SQ SPERSE_GAFAQ RE 610 GC GC F18( hDa| 398800 (80)
3¢0, 09ATDST00 BODBPERSE 3. 88¢8 Modifiedyiligzn, 28) (. p9) GC |  FI80
(2]93p31180) (03.9930 (9.0) 3@ancpagRicSPERSHE 2000@>P 12456 2SiC (3.89)
DP|2 (896D0| (2. 16¥6)(3.[03) (4. d&pl)(o 80) ( 2-09) (@-.9@% (80)
(30) 37 HATCO SQ SPHRSE -- DP 1 £0.3)230009.0
3390001ATCAI9) FALBAHRYH. 02) GA(F@\CQBM(Q) 59) Q5] 3. 6C F180
(30) 380GHATCOL BOPEPERSE -- DRO9IDP 2 D 200093002®9006iC 3.88)
(2]14)009%. 08) (40-28) |(0.52) (0.28) (0.25)123.0)(203D) (80)
39 /HATCO SOISPERSE --| DP 1 DP 2 DP 2 293(.39000.0)
362/18) {-3.05) SQUSRERSE |(0.52) (0-28) (0.25)Dp3.p) PRBY)| DP2
40| HATCOL SOLSPPREE --| DP 1 DP 2 DP 2 3168.18D00@3.03) | (4.04)
(2]15) (3.04) (40-6m) 025) | (3.0) (30)
37 HATCOL SOLSPERSE DP 1 DP 2 DP 2
2300 39000 (219) | (3.03) | (4.02)
(0.25) (0.55) 025 | (3.0) (30)
38 HATCOL SOLSPERSE DP 1 DP 2 DP 2
2300 39000 (2.14) | (3.03) | (4.03)
(0.52) (0.28) 025) | (3.0 (30)
39 HATCOL SOLSPERSE DP 1 DP 2 DP 2
2930 39000 (2.18) | (3.05) | (4.02)
(0.52) (0.28) 025) | (3.0 (30)
40 HATCOL SOLSPERSE DP 1 DP 2 DP 2
3165 39000 (2.15) | (3.04) | (4.02)
(0.52) (0.28) 025) | (3.0 (30)
41 HATCOL SOLSPERSE DP 1 DP 2 DP 2
3371 39000 (2.18) | (3.04) | (4.02)
(0.52) (0.28) 025) | (3.0 (30)
42 HATCOL | SOLSPERSE GC GC | GC400
3371 (0.83) 39000 20000 | 4000 (3.89)
(0.27) (2.09) | (2.92)
43 HELOXY SOLSPERSE DP 1 DP 2 DP 2
71 39000 (2.10) | (2.93) | (3.89)
(0.74) (0.36) 025 | (6.0) (60)
44 HELOXY SOLSPERSE DP 2 DP 2 DP 2
(1) 71 39000 (0.83) | (1.43) | (2.53)
(0.52) (0.28) (0.1) (1.0) (9.0)
45 HELOXY SOLSPERSE DP 1 DP 2 DP 2
71 39000 (5.40) | (7.58) | (10.0)
(1.08) (0.92) 025 | (6.0) (60)
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(0.52) (0.28) (0.25) (3.0) (30) 41 HATCOL SOLSPERSE - -
DP 1 DP 2 DP 2 3371 39000 (2.18) (3.04) (4.02)

W@ 0820600 28) (0.25) (3.0) (30) 42 HATCOL SOLBPERSH07/075974
GC GC GC 400 3371 (0.83) 39000 20000 4000 (3.89)
(0.27) (2.09) (2.92) 43 HELOXY SOLSPERSE -

- DP 1 DP 2

DP_2 71 QQ Q0 (7 1m (7 QQ\ (‘2 RQ\ (n 74) (0O QR\

Ep pEagie QibpDisparspmt(Dyy soDispexsmet (2) Dp | Papjicle | Purtigle | Particle

(1) 7139000 (0.83) (1.43) (2.53) (0.52 (%.23}) ©1| ©@
1.0 (q m A; |-u=| OXY_SOLSPERSE --_ DP 1 DptDxo, pyp1) dDsiypm) | (Dso, pm)
48900 AS R§E0. 0) (1.08) (0.92) BPds|e6.pPp2 | DP2
(60) Wén wo 20%&8? 30690 PCT/ US2007/ 0759743-56x| (6.50) | (11.0)
Carri el 18) | | Di sp@#Hant|(2) Di spersant (2) FAPH) c] 3.0) (30)
4pay t HAKCPaf t SOLSPERFE [(g) (g) (9) (D50, P(D50,D DP 2
(2()050, 1}96 46 HRMM. SOLSPERSE - D 2200 2 14 (7.94)
00 @31k5) (6(&BY (111.0) (1 15) (o 13) @255/ 3 @.0) (30)
423 )) HARCQIATCBOLSRARSBERSE -- DP-1 DP 2 P PP I(p) BAdg DP2
4000 136 54) (2468 (7 94) (0.51) (0.31) 0228 B.¢*¢30) (7.96)
8| HATEBP) SO SPEREE --| DP 1 DP 2 DP 2 (|12)(023pp 2380 (30)
4@2 5HATAIBY) S@ES%SE(O 35) (0.46) 0.25|3.DP(13Dp) DR® | DP2
HATCO! IGOLSPERS®000 DR 1 DP 2 DP 2 1106 3960D| (24.6D)| (7.94)
(4]169)0£7).94) (©4®1) |(0.46) 0.25 3.0 (30)(086) HATEO) | (30)
560 SPERSIOL | BPLSPHRSEY DP 2 (2) 1106 2400DP@2| 14)P2 | DP2
(2] 99)11¢6. 9F) 2400073) [(0.21) 1.0 6.0 (3Q) BI4HELOX®) | (3.97)
SOLSPERSE) -+ DP(22DP 2 DP 2 (1.0) (6.0) (30)
51 HELOXY SOLSPERSE DP 2 DP 2 DP 2
2) 71 24000 (212) | (2.96) | (3.98)
(0.74) (0.21) (1.0) (6.0) (30)
52 HATCOL SOLSPERSE DP 1 DP 2 DP 2
2) 1106 24000 (2.10) | (2.98) | (4.00)
(0.74) (0.25) (0.5) (6.0) (45)
53 HELOXY SOLSPERSE DP 1 DP 2 DP 2
2) 71 24000 (2.10) | (2.97) | (3.98)
(0.76) (0.24) (0.5) (6.0) (45)
54(2) HELOXY SOLSPERSE DP 1 DP 2 DP 2
71 24000 (225) | (3.08) | (4.05)

(0.63) (0.04) 0.25) | (3.0) (30)
55 HELOXY SOLSPERSE DP 1 DP 2 DP 2
71 39000 (2.19) | (3.06) | (4.05)

(0.64) (0.16) 0.25) | (3.0) (30)
56 HELOXY SOLSPERSE DP 1 DP 2 DP 2
71 39000 (1.78) | (3.04) | (4.63)

(0.45) (0.15) 0.25) | (3.0) (30)
57 HELOXY SOLSPERSE DP 1 DP 2 DP 2
71 39000 (1.90) | (3.02) | (4.28)

(0.55) (0.15) 0.25) | (3.0) (30)
58 HATCOL SOLSPERSE DP 1 DP 2 DP 2
2949 39000 (2.17) | (3.02) | (4.03)

(0.64) (0.17) 0.25) | (3.0) (30)
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10

15

(2) 71 24000 (2.12) (2.96) (3.98) (0.74) (0.21) 1.0
6.0 (30) 52 HATCOL SOLSPERSE -- DP 1 DP 2 DP 2 (2)

W 206/02%000 (2.10) (2.98) (4.00) (0.74) (0.25)CDUS2067/075974
(45) 53 HELOXY SOLSPERSE -- DP 1 DP 2 DP 2 (2) 71
24000 (2.10) (2.97) (3.98) (o 76) (0.24) 0.5 6.0 (45)

54(2) HELOXY SOLSPERSE - - DP 2 DP 2 71 24000
Ex2. %;Yr_ég@ba}m@&m (0. GQ}_EM 0. 25 Particl¢ 3Bartick; | Particle
HELO OLSPERSE -- DR 1 DP 2 DP 2 71 39000 (p.1®) (®

3/06) (4 .05) (0 64) (0 16) 025 3 0 (3Bsen8) 1Brcpdw) | (Dso, pm)

(

580l SPERSIOL [ " BALIPERSE) DP 2° 71-39000 (1. 7BP (B dal?) DP 2
(4] 632304 0. 45) 3P090.5) |0.25 3.0 (30) 57 HEL@OXY | (.02 | (4.02)
SO SPEfEH) - L DP@1DHP 2 pP 2 71 39000 (1 98YSR a3y (30)

60 4] 28IATQQL 55$0LBPERSE[0. 25 3.0 30) 58 HATERUL | DP2 | DP2
SOLSPRREE -1 DPYODP 2 DP 2 2949 39000 (2(2-11@ (83.09) 40D
(4103)0.6¢n 64) (@IA7) 0. 25 3 0 (30) -23 WH25 3.0) (30)

62008008V | PEPLYERNF/ 075974 £x. CarrilerDBill| DP2 | DP2
Di spefsdht () B%Persant (2) Particle Part@dPel (3.03) | (4.03)
Parti dP&4n91 (gX9.44) (lg) (D50, m (D50 nP-26D50, C¥) (30)

639 | HNFCOXYSOL SPESIGIRSE| DP 1 DP 2 DP 2 2300DBJopo DP2 | DP2
(2]19)5063. 0R) (#002) [(0.64) (0.17) 0.25 3204 B0Y3.0HQ (4.04)
HATCOL(0.68Y SPERSKV.17) DR 1 DP 2 DP 2 2999 |39089) ( 2.(36) (30)

68 3| OMELOXY01) SOLOPERSE [(0. 17) 0.25 3.0 (30) GB1| HABCO] FI80
SOLSPERSE -} DP90DP 2 DP 2 5150 39000 (|2.809) (32@W) [SiC (3.96)

(4]03)(0.780. 64) (@ID7) [0.25 3.0 (30) 2.12) [ (2.98)

64 | HELOXY | SOLSPERSE - DP | GC | GC 700
71 39000 (191) | 4000 | (3.54)
(0.70) (0.20) 0.25) | (2.67)

Example 44 contained a 4™ thermally conductive particle: DP 2, (4.41 grams),
(60 um).

Examples 46-48 and 50-54 used 0.25, 0.50, or 1.0 um pre-dispersed diamond
particles prepared according to the Milling Procedure and Sample Preparation described

above.

Examples A-N and 65-74

Except as noted below, the components were individually weighed into a watch
glass and mixed as follows. The silica, antioxidant, dispersants, and the carrier oil were
initially combined with both the fine and the medium thermally conductive particles by
stirring with a metal spatula until the combination of ingredients was a smooth and uniform
blend. The largest particles were then added and the contents of the watch glass were again
stirred/kneaded with the metal spatula until the composite was a smooth and uniform blend.
If necessary, the thermally conductive grease composition was heated in an oven (110°C) to
reduce the viscosity of the composition to facilitate mixing of the thermally conductive
particles and/or subsequent additions of thermally conductive particles. The resultant
thermally conductive greases were transferred into and stored in capped glass vials. The

preparation of certain samples was the same as above except that about 16.5 grams of a

4.
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62 HELOXY SOLSPERSE - -
(3.03) (4.04)
WEOWSPERSE - -

(0.63) (0.17) 0.25 3.0 (30)
GC GC F180 71 39000 8000 2000 SiEC1/BSBB)/075974

2.12 2.98 (0.78) (0.17) 64 HELOXY SOLSPERSE - -

GC 700 71 39000 (1.91) 4000 (3.54)

0.25 2,67 Exanple 44 contained a 4th thermally

DP 1 DP 2 DP 2 505 39000 (2.14)
63 HELOXY

DP 1 GC

(0.70) (0. 20)

prechigpd et ql\y@xbigptt Bidica - dlqpprsgntS(agpd@rrgerrM was P@garﬁi The mixture

pre Jl

&1ih 4Gad

| sperse

4 PRt

ﬁle%ﬁﬂ)l

partlc es pre

1%ﬁ 'of

ot ey

§w%s9

accor

ér.qboth and

unifernt blend/ Thdng Relcaedatcle ghschbbanp 24 Braepafitad pmrblend and both the

;réﬁm% \yltl@\ét;r&p[%,ofollowed

by 'tﬁbt 1Qrgdst
l'iCa,

bekwr e

medi um t hermal | y conductive particles by

ri bed

ant |

above.

des
fing a?ial%frdaw thgrga

oxi dant

E&ﬁ%ﬁ'@

es A-N and 65-
HYSPRESIES WAk SO

MAHEdes. HheQleAgS sBRPITax@ thed?

di spersants,

initially conbined with both the fine and the

stirring

e-bRhl Q¥&p osifins are described

and t he carrler ol

with a netal spatula until the conbination of

| NPFEElLRNAS Was A@d@dﬂ%i&n@” uni fpeg BenBIEENd.  [Th&dded to Blend

| agggsbnpar ticles then laddeqc@pchdche contents ofy
ATEQYANG UaST WeTE | U 1] ISEAICRH iUy W g
SAISPERSEEIOONS 175" 3 Sl coT o SOLSRERSE GBIy, " 5.2
RI—WAFANRE6"QPNP r‘;ng'%nqiti W 19 2 ovenl -84
IRGANRX 1080 redlice PHO7¢i scosli HV3©N(P%é0anDOS|tion0ﬂ§9
Collagial S#liat e mi xi|ng di.02%e t her GalldigalSohiciuct i ve 0.479
TopaWdightes and/ or sulxsapeent | adtbti Bischef thernpl |y 16.488

conducti ve particles.
conductive greases were transferred into and stored in
cap Eé@!rngleaé,sKvIp aingd 1 theprepare@ asing Penblgnd dertixamples 65, 67, and 71

anc? E)@l’ﬂ&@? Mianalzlﬂ

pre bl end of anti oxi dant,
carrier fluid was prepared The m xture

e sane as

Wiy BIGBEFO 4088

The resultant

abay

B EEiREs,

silica, dispersants,
was stirred

with a netal spatula untiTABE onbi nation of

thermal Iy

t hat about 16.5
007/ 075974

and

I ngr direntsTwas a Ssmpoth dHU Mﬁlﬁdx?dalkl)l SHEJ Then .Ull A .
cl ean , %1 %%I?Safi‘tb s§l?lf" artiplee | bPaticle | Particle
Exagpde b%{?‘@ medi ua&lhwer mal (&Y condugtive (®
partjclesS were orrbl 1ed th $tirghng, 50 (mwe dDS @y | DS0 ()
thefargestypartictes. e CeT{@ENN inbi €S c;;lll the
pre- , R Eﬁﬂ%ﬁﬁ%@’c“ BADRIX | o p Al | wAs00
éPr eq_gllm ﬁ&gggg togle PE(?O hfnd Bf;llAdd Bg (5.24)
lend 45y | (0.27) (0.09) ox-s0 | (D Gas) | a0
(0.0013) (0.1)
IRGANOX
HATCOL | SOLSPERSE |RHODAFAC| 1010 KAJI)?X Sph. Al | GC F320
J 1106 39000 RE-610 0.0004) | 2.62) | (5.24)
(0.45) (0.27) (0.09) 0X-50 oD (3-4.5) (29)
(0.0013) :
IRGANOX
HATCOL | SOLSPERSE |[RHODAFAC| 1010 KAJI)?X Sph. Al | GC600
A 1106 16000 RE-610 0.0075) | 3y 2.62) | (5.24)
(0.42) (0.27) (0.09) 0X-50 D) (3-4.5) (20)
(0.024) :

-25




Conmponent Conponent

WORREBE0306983 RHODAFAC RE610 1. 84

HATCCL 1106 9.10 HATCOL 1106 8. 49
SOLSPERSE 39000 5. 50 SOLSPERSE 16000 5.52 RHODAFAC

| RGANOX 1010 0.159 Col | oi dal

Silica 0.025 Coll oi dal

| RGANOX 1010 BCTUOIB07/075974

Silica 0.479 Total Weight: 16.4626 Total Weight:
16. 488 Exa les J K |1 and were pr pnrpd LSl ng
Pre-bl end Al Exanpl es 65, 67, |ARPXHRNt16. and. EXBFRLES| Particle
ExaMippnd SRR e Dipepsanteq DIgieRgnr e- bigénd B. GABLE 2 (4 (@
Ant | pXPlEt | Par @) cl e| Par @ cl e| PaPiliFt] e pegampl epso () | D50 (u)
Carrier Dishersant spersant él?g}(gh (9 (g ()
Silica D50 D50 D50 ANREANRX JRADOX HATCAL
SOLSFFEP%”E)IRME&QI RIGO %ACN VA0 N%]_p,@,oa 39gpy! | GC600
RE- 610111, 0p043060641 (2 .Rd2910(5)2 -0088)0. A5)] 419 27)262) | (5:24)
(0.09)0& 50 (0:281) (3-4:B) (30)0%X0V0013 (6, 1) REANGX (0)
KADOX_HAT SOLSPERSE_RHODAFAC (4639 Sph - Al (3C E320
J 1106 39000 RE-610 (0.0004) 9IRCGLANOK) 1 (\5R4 0. 45
&o. 2HATORDPOLSKERSE (RHGBAFAG] 4, 391G 29 @,00013815 Af)[ GC600
RGANCXI RADOX HATCOL | SAESPERSE AC 4040 9112.8ph.| (5:18)
A G062 Al 1106716000 K910 | ( P¥GY5) (%@8) ( 8-24) (20)
(0.4P) (0.27) (0.09)|OX-50 (1/319.027-4] 5y (20) (0. 1)
(0.0pR4) -25 WD 2008/ 030690 PCTRESHIONT) QZ544
Ant i 03Bk | SOHSPERSE | FHAPPAERE | Patfil] e Exqgrpl ¢ Warddler Sph. Al
@ sper $Higt Di sp@Psant &H01G | | (€)0088) (9! cazpbo | (5.24)
() DpOOER) DBO (027) (g UFBANOK ((5 1 (2.0) (17-30)
(0.024) '
IRGANOX
HATCOL |SOLSPERSE|RHODAFAC| 1010 KA9[3)(())X GC6000 | Sph. Al
66 1106 16000 RE-610 (0.0090) (1.29) (2.59) (5.18)
(0.52) 0.27) (0.09) 0X-50 03) (2.0) (17-30)
(0.027) '
IRGANOX
HATCOL |SOLSPERSE|RHODAFAC| 1010 KAJI)?X GC6000 | Sph. Al
67 1106 16000 RE-610 (0.0079) (131)) (2.62) (5.24)
(0.42) 0.27) (0.09) 0X-50 o1 (2.0) (17-30)
(0.023) '
IRGANOX
HATCOL |SOLSPERSE|RHODAFAC| 1010 T Dia. GDia, | G Dia.
K 1106 39000 RE-610 (0.0004) (1.30) (2.62) (5.24)
(0.45) 0.27) (0.09) 0X-50 (0.25) (3.0) (30)
(0.0013)
IRGANOX
HATCOL |SOLSPERSE|RHODAFAC| 1010 T Dia. GDia. | G Dia.
D 1106 16000 RE-610 (0.0087) (1.31) (2.62) (5.24)
(0.42) 0.27) (0.09) 0X-50 (0.25) (3.0) (30)
(0.024)
IRGANOX
HATCOL |SOLSPERSE|RHODAFAC| 1010 HDia. | HDia. | H Dia.
E 1106 16000 RE-610 (0.0077) (1.31) (2.62) (5.24)
(0.42) 0.27) (0.09) 0X-50 (0.25) (2-3) | (20-30)
(0.026)
IRGANOX
HATCOL |SOLSPERSE |RHODAFAC| 1010 KAJI)?X GDia. | Sph. Al
68 1106 16000 RE-610 (0.0080) (131) (2.62) (5.24)
(0.42) 0.27) (0.09) 0X-50 o (1.5) (3-4.5)
(0.022) '
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HATCOL SOLSPERSE RHODAFAC 1010 Sph. Al GC600 930 B
1106 16000 RE-610 (0.0081) 131 (2.62) (5.24) (O0.42)

W@ Q008/83060®. 09) OX-50 (1.31) (3-4.5) (20)

( 0. 3PCT/US2007/075974

(0.028) | RGANOX KADOX HATCOL SOLSPERSE RHODAFAC 1010
930 Sph. Al GC600 C 1106 16000 RE-610 (0.0077) (1.29)
(7 RQ\ (R 1Q\ (n '—'\7) (n ’)7) (n nq).ny 50 (nq (Q-A 5)
(20)| (0. 02]) .| RGANDX KADOX  [HMTERdaat) SpERGE FibmaEACPamcle
Exa Sprispas Bipersant | Rispepsnt 106 @5000 R 10 oso
0O a (2
(2.6R)0&)21) @.42) (0®7) ox S ;1]\,,5 Dso(m
(17-80)  (Ql1) (0. 024) |RGA X sQ qp
RHODAFAC 1010 930 GOB00O SE }sﬂlGAE@Xllgng@@ DO RE—610
0. od@@? 925%0 BSE i}H@bB6 8¢ (0188 (p. 24) (0. @?‘21230 Sr;héfl
70| (B10% 01713 JORGANCH RADAX U%I?Ol (2.62) | (5.24)
SC]_SPE(IQ RHODARAC 1310(@91 GP60YE-58ph|. ﬁ(l) T 1888 | (17-30)
16000 _RE- 610 (0_0079) (2 _62) '%(92?\12) (10-42) (0_27)
(0.09) OX-5p (1. (2.0) 7 IRGANO D@;(ozs .
| RGA TC(P{MfégbLSPgéﬁ ﬁ;Q)AFAQ‘lOl010 Ty a| € BPra,| Sph. Al
@ D g 1K611p6 BY960O0 QEl@?t@lo(o 0 2)(1 3 )31 2. 622-62) (5.24)
(5.21)0.42p. u5) () 27) (60-©9) OX-B¥500 ( 0) (@30) | (17-30)
0. 00013 | RGANOX HATCO SO SPERSEO- FA 1019 T Di a
GDip. GDia D 1106 16000 REIBIONOK 0R&PHHx 1. 31)
(2. 6FATEORAOLSTERSE | RIGODAFACH. 099100X- 50 ;. 25) H13ia0)| Sph. Al
(180)| d0%024) 1G0RGANDX REATOOL | SOLEPERSE RHGDAFAC-8D10 (5-24)
HD R O42Di a. @2 a. | (0.09 0X-50 o) (2-3) | (17-30)
(0.023) '
IRGANOX
HATCOL | SOLSPERSE [RHODAFAC 1010 KA9[1);)X H Dia. H Dia.
M 1106 16000 RE-610 (0.0030) | 3 2.62) | (524
(0.42) (0.27) (0.09) 0X-50 o) (2-3) | (20-30)
(0.024) -
IRGANOX
HATCOL | SOLSPERSE [RHODAFAC 1010 KA9[1)?X Sph. Al G Dia.
L 1106 39000 RE-610 (0.0004) | /3 2.62) | (524
(0.45) (0.27) (0.09) 0X-50 1) (3-4.5) (30)
(0.0013) '
IRGANOX
HATCOL | SOLSPERSE [RHODAFAC 1010 KA9[1)?X Sph. Al H Dia.
N 1106 16000 RE-610 (0.0004) | /3 2.62) | (524
(0.45) (0.27) (0.09) 0X-50 1) (3-4.5) | (20-30)
(0.024) -
IRGANOX .
HATCOL | SOLSPERSE [RHODAFAC 1010 KA9[1)?X G Dia. 121710656)1
72 1106 16000 RE-610 (0.0066) | ('sgay | (L18) (400
(0.35) (0.17) (0.06) 0X-50 ' (3.0)
(0.018) (0.1) Mesh)
IRGANOX
HATCOL |SOLSPERSE |RHODAFAC| 1010 KAJI)?X GC4000 T‘(lélggslt)e“
73 1106 16000 RE-610 00027) | 310y | ©572 | (Gas
(0.16) (0.09) (0.04) 0X-50 ©.1) (3.0) Mesh)
(0.0085) ' ©s
IRGANOX
HATCOL |SOLSPERSE |[RHODAFAC| 1010 KAJI)?X G Dia. T‘(lél%s;)en
74 1106 16000 RE-610 (0002) | 7300y | (©:62) (325
(0.16) (0.09) (0.04) 0X-50 ' (3.0)
(0.010) (0.1) Mesh)
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E 1106 16000 RE-610 (0.0077) (1.31) (2.62) (5.24)
(0.42) (0.27) (0.09) OX-50 (0.25) (2-3) (20-30)
W@ 200928)91 RGANOX KADOX HATCOL SOLSPERSE RHODARACI/LSZ07/075974

911 G Dia. Sph. Al
(2.62) (5.24)

68 1106 16000 RE-610 (0. 0080)
(0.42) (0.27) (0.09) OX-50 (1.31) (1.5)

(‘2- 4 R) (n 1) (n Q2 , -26 \ 2008/ 030690
PCT/ US2007/ 75974 At i oxi danfAmigxidagt e pRatdid ¢! Barticle | Particle
Exapad | SPEIE amipersent [ iiPerBher sall Di speggant (g O (g
(9) ()| siliea D50 (D50 ()5BS () psPu) | ) | D50 ()
KADOX _HAT SQOL_SPERSE RHODAEAC 1@)0 G DiLa anh A
930 B9 1106| 16000 RE; 610 (0. 00TRFANGK (R A6 (5. 24) .
0. 4JATEORBOLSFEBSE | RBOBOF &) 31)0193. 0) * (g 7- 309ph- Xgkd) H Dia.
0. 022319'(]6RGAN0>60R%D0>< BATCO. SOUEBERSE REGRAFAC (4020 | (+23)
911 Sph(0-28) 70 W8 16000XRE- 6110 @@} 0092§<5) (20-30)
(2.6P) (5.24) (0. 42 (n 27) (0. (B83H0ox rg 31) (1.5
(17- ﬂ:;\ é %g 0. 023 RGANOR RANOX [HAZGy $OLSPERSE
RHODAFATE Qo ERSE %ODs AC| Al 10 1 Jr 6000 urgta10 GC600
60. 0079306( 2| 6236008 24) RE-01042 (Q)OOZ(?) 99 Ox{64) | (2.66)
(1 31)(0293) O30 850) [ 1 0l00) (0.3 n& X[KADSX | (0)
HATQO SA SPERSE RHODAFAC 1010 94.91 a_ M
1106| 16000 RE—610§é 0080) éz MAN@.Xz b 42) .
( 0. 2[AJATEOOHOLSREBSE (RHGPAFACE)  (91L 30 dl(l) ngsten | H Dia.
H 1106 16000 RE- 610 (0.0048) [ ("539) | (607 | (284
(0.28) (0.19) (0.06) 0X-50 o (1-5) | (20-30)
©0o1sy | O
TABLE 3
. Bulk Conductivity Thermal Impedance at 100 pm
xample (W/m-K) meter bar gap
(°C-cm*/W)
1 3.71 0.497
2 3.50 0.542
3 2.86 0.555
4 4.18 0.518
5 3.53 0.476
6 321 0.602
7 4.19 0.355
8 3.74 0.520
9 3.42 0.548
10 3.84 0.431
11 424 0.444
12 3.52 0.425
13 3.71 0.528
14 3.78 0.464
15 3.77 0.532
16 3.58 0.555
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(0.024) | RGANOX KADOX HATCOL SOLSPERSE RHODAFAC 1010
Sph. Al GDia. 911 L 1106 39000 RE-610 (0.0004) 13
W@ 2008030606. 24) (0.45) (0.27) (0.09) OX-50 (1. 3BQT/US2007/075974
(3-4.5) (30) 0.0013 (0.1) | RGANOX KADOX HATCOL
SOLSPERSE RHODAFAC 1010 Sph. Al H Dia. 911 N 1106

16000 RE-610 n nnnA\ 1‘2 (7 R?\ (5 QA) (0O AR) (n 27)
(0/ 09) OX-50 gm &"jyerm@bi@pedm.e@zwﬂ pm
| RGANEXanpBROX| N 'f / _SPERSEmﬂeJDmrmgamom G
Dih. 72 1106 16000 "l ?5 0.0066) 911 (C-2BF/W) 400
(0/35) (10.17)](0.06) @%450 (0.583) (3.0) (0.6400 0.018
(0 sh) | RGANOX KADOX Tungsten HATCOL SOLSPERSE
RHODAFAG81010| 911 GC466% 73 1106 16000 RE- 06&47 (0.0027)
(0_514)126 81 (0 lOé]BU 09) (0 04) ox-5 JLU)
(3] 0) ( 0.1) MeshY (0.0085) | RGANO
Tuhgst eng HATOCOL SOLSBERSE RHODAFAC 1010 1d16G D| a. 74
1106 16000 RE:610 (n 0047\ (n R)\ (R 77\ (n 16)
(0/ 09) 2d.04)| OX-50 (8:6300) (3.0) (-325 (V02D Mesh)
(0[010) 527 Wo—2008/ 030690 PCTH US2007/ 0759745
Ant i oxi 3ant Particle %artl cle Particle Exanple Carrier
Di spersapgt Di spersant 3(g) G| (g) (g9) (9) %38 ca D50
() D50 ()Y D50 (\ (n\ | RGANOX KADOX HATCO. SO._SPERSE
RHODAFAG41010| S ph. Niél¥dl HDia F 1106 1BI90 RE-610
(0 UUIIQSvJ.J. ". 16) V&_gﬁ‘j) 0,545

26 3.93 0.63

27 3.44 0.605

28 3.44 0.604

29 445 0.652

30 3.49 0.628

31 3.84 0.625

32 3.65 0.582

33 3.28 0.507

34 3.01 0.569

35 3.63 0.595

36 5.01 0.409

37 4.92 0.389

38 4.58 0.451

39 3.71 0.464

40 447 0.514

41 423 0.451

42 2.73 0.412

43 3.52 0.662

44 5.88 0.491

45 5.62 0.519

9.



(0.42) (0.28) (0.09) OX-50 (0.789) <s) (20-30) (O.1)
( (0.024) | RGANOX KADOX HATCOL SOLSPERSE RHODAFAC
waems/abe0 Tungst en G600 G 1106 16000 RE- 610 POI/0SM0Y/075974
(6.24) (2.66) (0.29) (0.19) (0.06) OX-50 (O0.538)
(1-5) (20) 0.015 (0.1) | RGANOX KADOX HATCOL SOLSPERSE

RHODAEAC 1010 Tlmnct en H Dia H 1106 16000 RE-610
(01 0048) 911 (6. @0k Candddii ‘(,@, 28)ThegmabImpedgwy as0¢ gm
(0| 53Byampk) g‘%‘ﬁ( B7%0.1) ( TABM@esbsBugap
Cohductivity Thermal n'pe ance at 100 piC-EmdiW) e
nmeter bap gap| (Wm K¥36Ccnm2lW 1 3.71 0.04973 2 3.50
0.642 3 2 86l0. 555 4 4 .18 0.518 5 3. .53 0. 476 6
3.p1 0.602 7/4.19 0.884 8 3.74 o 520 9 022 0. 548
10378 644§ 43114 4%:?? 44412 ﬁ_ﬁw
0.p28 1 78 0. 464 3.77 0. 532 16 3. 0. 555
-28 WO 2908/ 080690 PC#/19S2007/ 075974 Bul k.395
Conductiwvit Vi Thermal | nppdanr‘p at 100 pm Fy;mml e nmeter
ba' gap50 3.18 0821

51 333 0.728

52 2.78 0.871

53 2.96 0.839

54 411 0.535

55 4.00 0.403

56 5.22 0.351

57 492 0.372

58 2.44 0.398

59 335 0.514

60 3.62 0.562

61 3.56 0.596

62 4.18 0.501

63 4.24 0.644

64 2.73 0412

1 3.94 0.374

J 4.78 0.275

A 4.64 0.327

B 4.59 0.336

C 3.80 0411

65 4.81 0.323

66 5.06 0.310

67 6.12 0.261

K 4.96 0.277

D 5.05 0.315
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(WmK) (Ccn2lW 17 4.24 0.644 18 3.86 0.547 19

3.15 0.482 20 3.54 0.616 21 3.62 0.622 22 4.10
W@288830698 3. 71 0.638 24 3.91 0.580 25 3.95 BCHUS002675974

3.93 0.63 27 3.44 0.605 28 3.44 0.604 29 4.45 0. 652

30 3.49 0.628 31 3.84 0.625 32 3.65 0.582 33 3.28
0.507 34 3.01 0.569 35 3 63 0,595 36 5 01 0.409 37

g e g g
5.88 0.491 45 5. 62 29 WO 2008/ @30EHIW)
PCI/ US200©7/ 075974 Bum%1Conductivity Ther ra322l npedance
at 100 pm Exal pl (WmK) (CcnPlW 46
4.85 0. 493 4y 6.31 05491 '0.280
69 5.31 0.306
70 5.27 0.263
71 5.16 0.288
72 3.30 0.395
73 432 0.404
74 3.94 0.404
M 5.08 0.304
L 4.27 0.346
N 4.88 0.325
F 3.23 0.377
G 3.24 0.405
H 3.40 0.405
CE1 2.49 0.766
CE2 2.54 0.665
CE3 3.44 0.383
CE4 3.39 0.344

CE 1 = ShinEtsu G751, Sample 1; CE 2 = ShinEtsu G751, Sample 2; CE 3 = Dow
Corning TC5022; CE 4 = ShinEtsu G751, Sample 3
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48 6.80 0.388 49 6.12 0.395 50 3.18 0.821 51 3.33
0.728 52 2.78 0.871 53 2.96 0.839 54 4.11 0.535 55
We2@9/086403 56 5.22 0.351 57 4.92 0.372 58 PCHUS2007/075974
0.398 59 3.35 0.514 60 3.62 0.562 61 3.56 0.596 62
4.18 0.501 63 4.24 0.644 64 2.73 0.412 | 3.94 0.374
J 4.78 0.275 A 4.64 0.327 B 4.59 0.336 C 3.80 0.411

65 4.81 0.323 66 5.06 0. IABLE% 6. 12 0.261 K 4.96

0277 D 5; 30, Y020 88/ 03069Q
ot o dere s RGO o, (W o
4 61 01303 S¢dheag ] %?gsog‘-wsg. “abs.i%w (76‘{.2 Shear Rate
02663 |71 5.1670. 288 44E +04 5.8E + 04
28 - 1.1E + 06 1.0E + 06
30 2.7E + 06 - 1.3E + 04
31 - 9.2E + 04 7.9E + 04
32 - 25E+04 3.8E + 04
35 - - 1.7E + 04
43 - 42E+04 2.9E + 04
44 - - 2.4E + 05
45 4.4E + 06 - .
CE 1 1.2E + 06 43E+05 3.1E + 05

The compositions reported in Table 5, using the amounts reported in Table 6, were

prepared by mixing methods described above.
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72 3.30 0.395 73 4.32 0.404 74 3.94 0.404 M 5.08

0.304 L 4.27 0.346 N 4.88 0.325 F 3.23 0.377 G
W@2@4/0806805 H 3.40 0.405 CE 1 2.49 0.766 CE PCRUSH07/075974

0.665 CE 3 3.44 0.383 CE 4 3.39 0.344 CE 1 =

ShinEtsu G751, Sanple 1; CE 2 = ShinEtsu Gr51, Sanple

2; CE 3 = Dow Com ng TC5022 CE 4 = ShinEtsu G751,

Sanpl e 3 -31 WD 2008/ 03063BIdFUS2007/ 075974 TABLE 4

05 Gap O 25 & 05 r§q Rlaf‘f’" 025 Gap  Exmgnpte
ql (mf?a s) af 25C & ql @th IE:it 123C &l al gPa.B) atqg
i g/ & Ca]'g’ﬁnf’ ﬁ)!iscgtgsgfgz :l’/ %@i%el%he ir 5(12@@1’%1 Mineral

. secC eg
a d n dD
1.1E + 06 1.DE + 06 :30B§ ré ). bt Sﬁ(ﬁé Lt Byt ind Do
9.2E_ 4 oL '4--4:):: 3 8E + 043 ‘
- 751, E%%;f 4 3@59564 2E (NoiBd 2|9E Q4 | BDia 3.0 . IIE(30)
R deRuIE Loie ol 45 00 A1 SE S 05 17 o Al
3. 7E+05 ﬁ e (igi rése rrfiqrx_g(pr tl edn@ (0. MablGeDiB (1.0 nglpo 14)

t hC Al | l CU | I I AT p, V PY Tphai Cd b
i nguﬁal‘@ YA i b 1?:?3%%‘8?“?’ i 3%@? 20 BEDIOBDEOD élsglg)
DT/ 1LIRD _ll_n AR A HEP= @V AT
'_‘;'8’ Y Hatcol ~| S"olsperse "Ir'?gaﬁ’ox"i'(ﬁ'l() “"'Zl;‘g'(b‘ D H Dia Sph. Al

1106 16000 & 0X-50 ) (0.5-1.5) (10-14)

Hatcol Solsperse | Irganox 1010 H Dia . H Dia

7 1106 16000 & CB 025y | HPRE3) | 5530
Hatcol Solsperse | Irganox 1010 H Dia Sph. Al

80 1106 16000 & CB Zn0 (0.1) (0.5-1.5) (10-14)
Hatcol Solsperse | Irganox 1010 GC8000 Sph. Al

81 1106 16000 & CB Zn0 (0.3) (1.09) (10-14)
Hatcol Solsperse | Irganox 1010 H Dia . H Dia

82| 106 39000 & CB 025 | HPREI | (5530
Hatcol Solsperse | Irganox 1010 H Dia . H Dia

83 1106 16000 & CB 025 | HPREI | (5530
Hatcol Solsperse | Irganox 1010 GC8000 Sph. Al

84 1106 39000 & CB Zn0 (0.3) (1.09) (10-14)
Hatcol Solsperse | Irganox 1010 GC8000 Sph. Al

85 3371 16000 & CB Zn0 (0.3) (1.0) (10-14)
Hatcol Solsperse | Irganox 1010 . H Dia

86 1106 16000 & CB Zn0 (0.1) | HDia (2-3) | 55 30,
]7 Hatcol Solsperse | Irganox 1010 H Dia H Dia Sph. Al
1106 16000 & CB (0.25) (0.5-1.5) (10-14)
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Primary & Silica 1st 2nd 3rd Ex. Carrier
M ner al
W nsD389() and D50 ()
(None) T Dha GDa (3.00) GD a (30)
Sol sperse Irganox 1010 Sph. Al

( OX-

Hat col

50) or

M ner al

OX-50 ZnO (0.1) G D a (1.0

Irganox 1010 HDia H D a

M ner al
Bl ack (CB) 75 Hat col

(10- 14)

Hat col

Di sper sant
Carbon and D50 ()
A HPEI08T075974
3371 39000 (0. 25)

76 1106 16000 &
Sol sperse
ARIE 62 3) 25 30 77 5068

Am@OORreirOxas8. (0. 25) Hat col Sol sperse lrganox 1010 H
Dia|Sph. Al 78 1106 16000]& OX- 50 ZnO (fyddied 0. 5- 1. b)
(10-114) Hatcol Sol sperse lrganox 1010 H Diga H Dig 79
1106 16000 (& P5WH- Di 293) 25-3D Hat gol %
B3| ofeprsier | rﬁ%ﬂ%ggnpﬁglﬁghp 2,)5%%1. )i 8h 296 26000 A
CB Zn0 (0. (10-14) Hatcol Sol sperse |l rganox
1619 G300 Sph762Al 81 1106 16000 2818CB ZAOA( Q. 3A.02 92
(8x Q) 50163 14)2.734at col 0.8wlisperses | r gapeox| 163 H BiasH 91
Dr7a [88 43306 39008 & WRod70- 29)o2kb D 308 Bh.d22p-[302452 92
W%tcoHoég"pfpfﬁl'rlaﬁpﬁ)l)£855LL*2;§kF?351ﬁﬁ 1145971 91
Y9090 St 1100 2 T G2 [ Dogh ¥ POl HLEThs A0V IPET T o)
TR M A (T RO R T ) R e S
&lpma‘mzh 2358 5h 7401280080800 E2355( 0 23069 1| 3053 | 88
(820-|18Y241H4t cOB6880l S8 | OgaRbx 188 H2m230 (86247806 92
B60Q0 4B |znd7.30. 1) H.I6i a| (B243) |(25628B0) 58% Hal@H9 92
Sal spewrses ||r gapes 10100 H4Di @.080Di al.Bph. | Al5630065.18000 90
&5CB 082085) (©35041. 9)0.019- 14lo321 $31.0062P0H080689%251 | 90
e 1Pea 1V I93dd [ 760920 | DBHAT S| 3116 [ @h&NBs 2448 | 92
'?%‘7' ) ',b4EZP5 =0.3681 ' ] 20.0090" | 0.0241" " 13105\ 26215 " §2456°1 Y 92
* Exarnple 76 also contained 0.9111 g of dispersant Rhodafac RE-610.

TABLE 7
Ex. Thermal Test | k W/mK T(l},gac;tfzo/o‘{,‘;“
75 Extended 4.76 0.206
76 Extended 4.37 0.203
77 Extended 4.15 0.277
78-A Extended 3.20 0.137
78-B Extended 4.29 0.293
78-C Extended 4.35 0.301
80 Extended 4.01 0.246
81 Extended 3.48 0.384
82 Extended 5.20 0.226
83 Extended 4.62 0.242
86 Extended 4.52 0.319
87 Extended 5.07 0.255
78 Normal 4.07 0.303
79 Normal 481 0.235
80 Normal 4.11 0.289
84 Normal 3.99 0.292
85 Normal 3.84 0.317
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Di spersant oxidant or CB Solids 75 0.5240 0.2762 - -

2.18 3.04 4.02 92 76* 5.2763 2.7322 0.0901 0.2703
Wa200803®@3% 93 51.85 91 77 0.4230 0.3693 0. 0077POI/0DE7/075974
1.3100 2.6217 5.2452 92 78 10.50 7.24 0.20 0.53 25.98
51.90 103.71 91 79 0.4238 0.3671 0.0083 0.0245 1.3120

2.6223 5.2432 92 80 0.5261 0.3650 0.0090 0. 0256
1. 28samples/§18 wsis pgermrapal Expmpde 88dp xagmie 79-(paxpgsed the same

cofrisdit > SR 5105 3 RRR BB o i ¥ou g6 houn,

befdrdthc Qadple2ms2boka tdldoohenGBradize, Bxdo@.poFOBnig JxOBxtended Test.
0.0114 0.0303 1.2809 2.5630 5.1271 90 85 0.6298
0.3594 0.0111 0.0321 1.2806 2.5627 5.1251 90 86
5 0. 4234 0. 36JABLEGoDhsexyatigny from fEstegdod Tests’) 48 92

70 44{;51 3p81 0. G090 0. 0241 13105 2. 6215 52456 92 ]
* Exa Ez;é Al Kioakgnt ai ned 0. 9111 g of di spersant
RI‘E)x:ia1 10Ga§ TABbervations Ther mal Test k WnK

Thet a att“llﬁo ONfund) N2/ W 75 Extended 4.76 0.206 76

¥ t pnipr(llm 371 0. 203 1|1 77 Extended 4.15 Q. 277 78- A
&nded4®® 20| 0.437 | G5 Bordivetyeqispecpbagiopg3  78- C

Exfended225 35| 0.801 [8Galoseddeath do §bcial 24®ns 81

Extengded434 48| 0. 384 | Gab dHxdedrdiatndsp0ialadlidns 83
gendeds4n 62| 02842 h EESARAREy & &2hibh gSsurdih going to 281

ik 169;134 ur ,\U‘Sff-?b G ﬁ%ﬁ?&lgw Be{oW "lfehded Ye
2R it Gt U SO e —
PCT¢ US2097) 07597 6 5 Gap forced closed with additional weight and
considerable vibration of the head
81 210 209 | Gap did not close below "extended temp" gap
82 277 53 Gap closed with no special actions
83 403 47 Gap closed with no special actions
84 432 432 | Gap did not close below "extended temp" gap
85 337 337 | Gap did not close below "extended temp" gap
86 470 35 Gap closed with no special actions
87 416 42 Gap closed with no special actions

Foreseeable modifications and alterations of this invention will be apparent to those
skilled in the art without departing from the scope and spirit of this invention. This
invention should not be restricted to the embodiments that are set forth in this application for

10 illustrative purposes.
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Exanpl e 78-B was a repeat of Exanple 78-A. Exanple
78- C exposed the sane conposition (as in Exanples 78-A
w@e@sPHeB) in an oven set at 80C for about 16 PEOUEDS2007/075974
before the sanple was cooled to roomtenperature
before perform ng the Extended Test. 5 TABLE 8:
Cbservations from "Extended Tests" Gap at Fi nal Ex.
What isshldiacddsp Observations time (lam) (Itn) 75 408 46
Gap closed with no special actions 76 235 66 Gap
cl osed W th no.speci al tions 77 454 50 Gap cl osed
l‘mﬁt ‘%%“%%péPaP”ag'ﬁ%ﬁ§9%§? 5% 281 Gap closed slowy
& ay thubdut @0 Ssseipkt pefee@bdM@rii@ o281 78-B 314 314 Gap
did not close bel ow "extended tenp" gap 78-C 210 210
Gap 2k Onvio abpeis® waiRbiporesat ahwdepst ispeant: 80d 410

cond TR ARG T OB h Do PR Bhal TR RIS, whergin the
thonab 1y twslactive pavidlexdoapdisd a trexgolec afaplca82hr2d distribuGags of thermally
c| osed wi.th no ﬁgecia

) [ 83 403 Ga I d. )
coRgucHvaprriglet cagh kg a&ﬁ%ﬁ%@@%@%&@?%ﬁﬁé @Flan%fwgﬁ@%e particles

hatifg Wa&&%é@@@@%aﬁ?d’l@&z&%ich&ﬁ’ff% frodothe GaRr disthiti@bns by at least a
cl ose below "extended tenp” gap 86 470 35 Gap cl osed

faopartdf Sno speci al actions 87 416 42 Gap closed with no
speci al actions Foreseeabl e nodifications and
alterations of this invention will be apparent to

2. t hogge tiinhll L Eordcivieordise ofictan@UtwklegialchdMEr the iMeddd ehree
~scope and spirit of this invention. This invention

disgHmtions alothemeallyeconductive gattislas haviagigp aversgr @ svhpgrtigle gize which
. in. thi i i f 10 illustrati
iR nbAlhBoBe' 48801 BEBEREPSCY) Lszoor! 0756ra  Wiat

is Clained is: 1. Athermally conductive grease

conprising: 0O to about 49.5 weight percent_ of carrier
3. oi | ;The thep@ally eorslugtivegstie of slajgeilghiicrgia caehef the atleast three

. ; ' r L l.ea: 4 ' . .
A oo B Bl AP R e MR iz which
diftdnefroml thy othorsdycdt ilaast pactor of €. conpri se a m xture of

at least three distributions of thermally conductive
particles, each of the at |east three distributions of

4.1 hemﬁekﬂe&ans@%m SsfubiyR V\%_@ésfeio@!cﬁ%n 1NRYdr&g tRthaMed1B%®nductive
(D50) particle size ich differs fromthe othér

padickes pj)rmptij;e(mgteﬁg:ls agledtediomghe group consisting of diamond, silicon carbide,

alumina, boron nitride (hexagonal or cubic), boron carbide, silica, graphite, amorphous

carbon, polycrystalline diamond, aluminum nitride, aluminum, zinc oxide, nickel, tungsten,

silver, and combinations thereof.
5. The thermally conductive grease of claim 1 wherein the dispersant comprises a
dispersant selected from the group consisting of nonionic, dispersants, polymeric

dispersants, ionic dispersants, inorganic dispersants, and combinations thereof.

6. The thermally conductive grease of claim 1 wherein carrier oil is present in an

amount of from about 0.5 to about 20 weight percent.
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10 factor of 5. 2. The thermally conductive grease of
claim1l wherein each of the at |east three
waele@sosboi i ons of thermally conductive parti cl BGI/HS200T¢75974
an average (D50) particle size which differs fromthe
others by at least a factor of 7.5. 15 3. The
thermal | y conductive grease of claim1 wherein each of
7. t he The thegmally eondastivegreaseioh Glaim dsvisreingag phfheyat least three

: uct i i i ( i
i R S BN KRR APLRR Ao B {oPiefges from
abda Ot02rtoaboit®. mtPordeterihe t hermal |y conducti ve grease of
claim1 wherein the thermally conductive particles
conprise materials selected fromthe group consisting

8. of  dhapRadallPbdd @B CALRE AR clai@! 1 UMhd&n 0RO 6O IdabtdRree
(hexagonal or cubic), boron carbide, silica, graphite,

disamprtiphoothemezal lyaondpuivg pryistealhbs meadiregegdiclasionihatirnges from
nitride, . al yxhum zinc oxide, nickel, tungsten,

ab%ultlto\'/lé)rt,o agﬂl&%?o(ﬂw‘cﬁ%ql?%ﬁs thereof. 25 5. The thermally
conductive grease of claim1 wherein the dispersant
conprises a dispersant selected fromthe group

9. condihs thergaldy consriors greasgios glaig drwkereipong gethieat least three

o PR S SBL AR s G gl sRL s o

ab@@ OdBICh iabeutPooasieroddct@b.ai m 1 wherein carrier oil is
present in an anount of from about 0.5 to about 20
wei ght percent. -36 WO 2008/ 030690 PCT/ US2007/ 075974
7 . ' : =
10 T T o A B P AP AR et
commprishdahiimec gapersait@asd haslyareraviepagentparti cl e si ze t hat
ranges from about 0.02 to about 5 mcronmeters. 5 8.
The thermally conductive grease of claim 1l wherein one

110f  trie 1Rt mhBRSdndubh reﬁe%tfeianﬁtlifgﬁﬁerqfon{ph?fnga! ﬂoumtl dis%ribution

conductive particles has an average particle size tha
of tharmgdly dandnetivetpedicl®. 10 t o about 50.0 microneters. 9.
The thermally conductive grease of claim 1l wherein one
of the at least three 10 distributions of thermally
12condyg ticy@aPREdidabese cdf cRUR AgRrfiathid tkendilyZ@ntihdive
ranges from about 0.50 to about 500 mcroneters. 10.
parfigles coapried 3 Pixtpied didmandgnd adwon Cadidg ngrtaclgther ei n t he
at | east one di spersant conprises an ionic dispersant
and a polyneric dispersant. 15 11. The thermally
13condiie thevally easlactdfe getae 0T dlafut whereircthapr lesst dgedadistributions of
fourth distribution of thermally conductive
thegmplly eqndactiviepartigies 3R &353R RINRMFERPRIBE gr ease of
claim1 wherein the thermally conductive 20 particles
conprise a mxture of dianond and silicon carbide
14 par flhe thesmally conductive grease of claim 1 wherein the at least three distributions of

thermally conductive particles have a minimal overlap.

15. The thermally conductive grease of claim 1 wherein the distribution of particles
having a largest average (Dsq) particle size comprises metal particles or spherical aluminum

particles.
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13. The thermally conductive grease of claim1 wherein
the at least three distributions of thermally

W@ owdstedPve particles are essentially non-overP@ppb1eg7/075974
25 14. The thermally conductive grease of claiml
wherein the at least three distributions of thermally
conductive particles have a m ni nal overIaB 15. The

164 helha thoymalbnerndur e gjﬁ%ﬂﬁ@é clpfmdp ayherdn fieepeipllygenductive
Pa%lﬁgg Cblkﬁgh OEP At RYFi R anla‘fﬁ‘fétﬁ%a idi@r gest average
e 8 ze conprises netal particles or
spherlcal alun1nun1 30 particles. -37 WO 2008/ 030690

PCT{?HS o0 gl MPW;&? g{ggsgﬁéfc[%gpr{s v@éﬁ%ﬁ dqu %{‘1 l(ftlognr 0e pSé?tlcles
ha\ggé tta:nrﬁ a%%@é @8) ?}}]rml)ét sz"]'e%o&%rl c%g c%‘ijderroqtcﬁ‘%mond particles.

erm ve grease o
clai m 15 wherein the dlstrlbutlon of particles 5
having a mddl e average (D50) particle size conprises
18si | iThe thegmplly eendgetivi gﬁ‘m@f g@imilé|véprein i ditrbution of particles
t.her mal | uctj.ve | ase of cl |n115 wherein th
g £ USSRt PoF 0 i i Ao P QOBORREs 7ine oxide
pmgg [&icle size third fromthe |argest or smaller
onprises zinc oxide particles. 10 19. The thermally
conductlve grease of claim1 wherein the dlstrlbutlon

9t 28 ME BHE AL SO a1 oY G SARCifes BSiopen of peficts
ha\qggﬁérg&tt 'ta%}ﬁéef (Slf%?feﬂ 'rt%l@ §1z9 @8 @q? gﬂqulggarl@%?uﬂgfamcles the

conpri ses
[ t
T T e P

cat‘b(ﬂwnfrld%l(md@rtwm:sd thephgttib@iodsof paﬂd:lawhﬁl{eﬁ ithuntthe ladgest average and
| east three distributions of thermal |y conductive
thegnidd|caveragn guapHseARe Qrade RvEslesapnbvhegri theatdenst trgeydistributions
ease
o B R o R AL R o R U LB
nomubstth@ally resists flow after about 12 hours aging
at a tenperature above about 50 C. 21. The thermally
conductive grease of any of the above clains wherein
201 he THE BR$Mal PESRBEYSHERL M hhRbf the @b&&lﬁﬁk%h&@ﬁ ‘tﬁe dase
hours agi ng at a tenperature above about 50 C.
subBtrartin e rasistsl Jove afictiaboivie ipuenegngat aaﬁqylp@raeir@fabweaabnnt 50 °C.
1-21 wherein the thermally conductive particles
conprise materials selected fromthe group consisting

210f dhammpslally Sddduc@we gaidioftany af thelabBeve dlaiR@SHRMsin the grease
ni ckel , boron nitride (hexagonal or cubic), boron

bec@arpe}g,sg@stant@ﬂy irigd afgr aponttld hoypogreoti ¢ t@l@pg@‘wre above about 50 °C.
pol ycrystal l i ne di anond, alum numnitride, alum num

silver, zinc oxide, and conbinations thereof. 30 -38
22O 706 8 D38k CorfdGTidSR08:¢ /00 b dde of23aimbHe2 t waenshl thy thermally
nducti ve grease of any q QI clajms 1-21 mherelg-
coqq%@tlyehgq, 9prnprlse rnaterlals selected from the group consisting of diamond,
silicon carbide, alumina, tungsten, nickel, boron nitride (hexagonal or cubic), boron carbide,
silica, graphite, amorphous carbon, polycrystalline diamond, aluminum nitride, aluminum,

silver, zinc oxide, and combinations thereof.
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conductive particles in at | east one of the at |east
three distributions of thermally conductive particles
W@ ovps®es a m xture of at |east two differentPCYps0ovn675974
thermally conductive particles. 5 24. The thermally
conductive grease of any one of clains 1-21 wherein
the thermally conductive particles in at_ | east one of
23+ he The theamally eondaetivh gresscpbemonae ofclaipsrlndl wherein the thermally
t A
or‘fcglr@?%é a{erféag? Rak iéagﬂ o“:ﬁ% ??r{% ag F}é@st}{t?l%mq?#ﬂ%tﬁgg ggﬁ%féﬁffaqu conductive
pamohsd uompmaspanbdtmb efati [nast heo diffeeant pares btthermally conductlve
di stributions. 10 25. A mcroel ectronic package
PatiGiE8r i sing: a substrate; at |east one nicroel ectronic
heat source attached to the substrate; and the
thermal |y conductive grease of any of the above clains
240n ftlhe thermhidneindopievangreaseolf ecy onm@ﬁx:laihsdﬁ lswherc'm thd Brermally

CO%E‘W‘B%PEE} &1%%1%% & ;%rglggg%aa% iﬁ‘ﬁl et{ll%fg dlsltli]] WBFP tlIllermaﬁfy conductive

pa®ieRd ¥6hth MahShRAS @ohduchi € paitlch 8F e diff@ent from the thermally
m croel ectroni ¢ heat source and the heat spreader. 20

comdpctivhpartivles tethe ethepparticlsalestaeuions. cl ai m 26 furt her
conprising a heat dissipation device wherein
thermal | y conductive grease is present between the

25heatA sprede@fonanshckiie cohgaisindt ssi pati on devi ce 28. A
met hod of making a thermally conductive greas

a SERBHS: 84 Iegst DS NPGTBTIFETQNiC Bet Feusre gachedioshe ﬁl&éﬁ@te Hplthe
r | ai
e R B R of SnPBL I SpS% PRI delesaT ot b Aetronic
hedteuncal | y conductive particles sequentially, finest to
| argest average particle size into the carrier oi
and di spersant mxture. 30 29. The nethod of claim 28
26Whemgk Hn&t@@le&t?&ﬁ@?&dkﬁ CONAMEL 2y RirthF édn@ﬂr%%gad' l?eat spreader and the
pretreated with |spersant prior to mxing t
theméldmnﬂdyctcngWﬁ isessat bétokesthe miorotlsetreme h@aé sou:rpq‘: and the heat
di spersant m xture. -39 WO 2008/ 030690
I fUS2007/ 075974 30. A nethod of making a thermally
conductive grease conprising the steps of: providing
carrier oil, dispersant, and thermally conductive
27par g MigroglectEqmis peckagapialpig 2hBirtheeeqrans syngohenl dissipation
St
dexﬁ@é &/&elgljggln ?lé/flﬁ)lflductﬂ;'e g&%ge fsgn?es%ﬁ{ l#t\%ﬁngﬂé% h?ﬂ% gprﬁ%ﬁiﬁr ;md the
he&@ﬁﬂqﬂhowémpartlcles with the carrier oil and
di spersant m xture. 31. The nethod of claim 30
wherein the thermally conductive particles are
pr ety bs e
8 or nap S of Mok e R pBICkRL el IIET o
and providing carrier oil, dispersant, and thermally conductive particles of claim 1;

mixing the carrier oil and dispersant together; and
mixing the thermally conductive particles sequentially, finest to largest average

particle size into the carrier oil and dispersant mixture.
29. The method of claim 28 wherein the thermally conductive particles are pretreated

with dispersant prior to mixing the thermally conductive particles into the carrier oil and

dispersant mixture.
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WO 2008/030690 PCT/US2007/075974

30. A method of making a thermally conductive grease comprising the steps of:
providing carrier oil, dispersant, and thermally conductive particles of claim 1;
mixing the thermally conductive particles together;

mixing the carrier oil and dispersant together; and

mixing the mixed thermally conductive particles with the carrier oil and dispersant mixture.
31. The method of claim 30 wherein the thermally conductive particles are pretreated

with dispersant prior to mixing the thermally conductive particles into the carrier oil and

dispersant mixture.

-40-



