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WD 2004/ 094529 PCT/ US2004/ 008522 ACRYLI C- BASED

THERMALLY CONDUCTI VE COVPOSI TI ON AND THERMALLY
WOCNRWET2WYE SHEET Technical Field 5 The preseRCT/US2004/008522

invention relates to an acrylic-based thermally

conductive conposition and to a thermally conductive

sheetACRYIHEG-BASED REHERMAIJY C@NDYU CTIVELZONHESHION

by vari ous el ] e ' [ 10 such

as personal c &g[@{@‘dﬁfﬁaﬁé’@bﬁéﬂliﬁoﬁﬁ%ort ance.

Thermal | y conductive conpositions and thermally

conductive sheets obtained therefromare used as heat
M@lﬂi@i means to all ow heat from heat gener ating

part ctro d electric de 0 ca

hent TSRS ayeptpt et oSS HEmpl BRERRe oposition
arfd A tBermHN§eofdiecte SReedsed  for anchorl ng between

el ectronic parts and heat radiating parts. 15 Because

the thermally conductive sheet is used while being

Bsgndvvl %hed between a heat generating part and a heat
ng part, the contacts at the interfaces between

t he Réch@@ﬁ% RMdsé BOER PétlckfedbE variieeledfbnicrhnd iedtrithl devices
t he ther conduct|V| tég That is, when the contacts
sugh ap perspRAl 6PIREISES 15 2AN3itSE OHBEIPT IMPertaneer raprmally condugiive

ols
SR S SREEAT s Bl S 00 D
radiaciep @ﬁdaﬂeto&ﬂhﬁt héw Sronmbigeac g&’ﬂeming(j)am bh elacth@xfi¢ and electric devices
gener at i %w?\rt and a heat radiating part while the
togeape tp Bed gpdiaing prytstsych pykeat sipkyn Pﬁal evepy eisptargplso used
fok ch%%% B¢ 1&%111% 2HS an Tﬂe%t &J@ﬁ:{tﬁ% a¥fts CON ductive
sheet 1§t refore re U|re ave flexibility and
adheBemnsd the tiemalig abndypeties slteiemg upa’r whdebteinp earhbathed between a

radl atln art we a the con uctl
G sk e B R Elatind pyrtdhp et S R R Rt B cen the
sHe&t zgidftfld)éé?ahs bR BHok@hEAIRI 8f he "the%ﬁlals&fn\ﬂh&?vlt APRE RS Fhen the

Unexam ned Patent Publication (Kokai) No. 2000-336279
cagitasty a dlessinterfacerearaabt goqdoﬂmuhctrmaém@tstms betingan Hrecpagts and the

thermal |l v conducti ve .sheet
stbAThBecY afO HEHE B RREY pelorill BRA™XeSSAeR fhe hoat
cdnleéttrl shiyetGRE ye tomeactéd WitBlasheat @nafidiad ph add a heat radiating part
therrmﬁl astic resin. Addition of wax to the

Wb%@@sb: eat reandpiiene o Hemisseplatities pressaggn the svofages offthe parts.
TS oo AR el is HRNRHE o iRl AT B et M nesion to the

heapgariefdtinglpayt and el kent eadsending@attn floxgest, a thiewallg conductive sheet
volatilization of the -1 WD 20Q04/094529
witlchiahsslbesomgssally Sélpws deerhandbug pnbisdifdiciisite e fplgpped after

selfi.conposi tion and adhesion of the sheet to the body,
or

Japanese Unexamined Patent Publication (Kokai) No. 2000-336279 discloses a
thermally conductive composition and a thermally conductive sheet in which wax such as
paraffin wax or softening agents, tackifiers and thermally conductive fillers are added to a
thermoplastic resin. Addition of wax to the composition improves adhesion to a body to
which the sheet is applied. However, release of the sheet from the body becomes difficult

after service. Oil is specifically used as a softening agent. However, volatilization of the
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may cause contam nation of electronic parts. Japanese
Nat i onal Patent Publication (Kohyo) No. 2000-509209
wdizefooses a thermally conductive conpositi onPCT/US2004/008522
conprising an acrylic pressure-sensitive adhesive 5
conmponent, an a-olefin thernoplastic conponent,
op deabdses theeflexailityt dfethmmposaim‘nda.mdtaldh@ioﬁ of thesheet to the body, or
Because wax hermal | y conductive sheets

HPXFMCPP@W?W@“&%%% OP’iCé’ﬁn are difficult to be

r el eggRfesaiNRionsEPHér @uﬁhgadoard@hycg Nd20005p9204 difdloses a
described in Patent Publication 6279 nenti oned

theboslly, condugtinegtompesitivamonypirisingran @eryligipnessuig-sansitied adhesive

t her nopl asti.c 0 and an acrylj ,
CHTRUER i ehlefin FPEPRaMaLS Fumegp0 AR Wk 8ad Bpmigigonductive
fill8. PREKLS whaR ifufAMhetRaW EdnludiiR shE&E fo?nféﬁ%d’i‘r@ﬁie'c% g)osition

becomes 1 nsufficient dueto an insignificant decrea
atierdlifficslt ez be yelehged afterisenti¢ersynilamylta the compositibn described in Patent

Unexam ned Pat ent

nduct I S Jo red. panese
!ﬂafle%llt?' ¥ W(W]é’rn Rpveo % ggbi é@ QIMPOFISOR SORIAMS 3g Of-Hlefin
tHele lﬁfé'cﬁlﬂpﬁﬁ h%—}h@ OFRG e 1Bk PR cﬁﬁﬁglve component, adhesion

nents, tlng pol conponents suc
of/\&x sheellmtocadrng uo ckhichridie sheetsnat byplcdristoahey mshfficleat due to an

.15 Ther II conductjve shegets for fromthese . . .
i e, SIS EROEOPHY GRS Fesne 118 b Legalgppgietiviy i lowered.
Ser Vigandb 'ﬂﬂeﬁﬁﬂrﬂheﬁ@aﬁéﬂ? PEIBAASH TR Qi YIRS CI000 6@75 8 discloses

Pat ent Publication 336279. Moreover, the nelting

theohaily intempodieting natmilabmoyfrmmlrxgmv@omnompmsmts Jgelting point

sel ect ed ile the ¢ atibil i onenf s
oGS an i o b EpGERR b pROdh nd e BRTY eSERBAVE .
Thérgl1picbhduétive siieRtsSfothen o themicdfipdbisiond freldeFichlt € Bdlreleased

20 Specification of U S. Patent No. 6,399, 209

afgfr seqvisgssimparihior the PPWP@%%%@QSW@C‘Q&&M% Rublmitlﬁ@ 336279.
Mo?«%gvgfftlgexéglglhﬁgflﬂ géﬁlﬁ%me@xt %:&I)% Sgpﬁelj %ﬁ? ot nPﬁ@&l C?ted while

the@lﬂipetﬁblugr dfithdse rcsmbdemmaxamakenbhmaionﬁgeﬂaam rand #herefore a
E est er hawogg gl.ass transition tenperature of
by 5t Inelgrdens tnalgla areRUNGAT - bl ock ng layer. As

a reg ciﬁcahbl? oPdk. 'P%te%l‘ﬁ%l 59?@,%0@&8&'0?&5&3@51]&1&1%1 Bhli&tive pad

servi however, the resi stance at
cantdiging adamnstel thatrcema:erd;esjm ﬂembletlhyer leDiaindneg poly$1hxxam wyx having
ent u blication

U t k [ No.
A0S S5 e Cihns Alsrapnd 3k nah bl Bt e b Acpadyester

heﬁziﬂ?&?ﬁ% t}alrﬁﬂmﬁ‘%&hﬁérﬁtu?&oiam@@ Ot BEheS R usedhs (1R a%ﬁfﬂ?&krﬁ?g layer.
(B) is solid or paste at roomtenperature and

Abe cesttisthe ipadiiscexapldant irereleadabaliiy adtet seavigel Howeven mlbutberined

filler . . Speci.ficall of .the c ound (B
repitan s Y iR i pEReshn 1 TR Bl a8 For "such

mat eTdpaheie UneR4hingd Pafent PblRBE&T K skdD)iNG 2002-284930dikdoses heat-

oor, and the thermal conductivity of the sheets are

ge sjzg@f@ chepasesicofadioayiosition contaminghapelymen gelZAN® compound (B)
thazui%g 19(? or Séa%te%ﬁ%ogg% 44&%%1;%%18%&)89%% eI? u1€ 8»1\13%{1 leartgtg?rfd zhthermally
cdhfdu&th)% filRk €T). 38;&301f1ca11y, examples of the compound (B) include silicone oils,
wax and o-olefins. For such materials, handling of the sheets during releasing is poor, and

the thermal conductivity of the sheets are not good because adhesion of the sheets to
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during service of the sheets; noreover, the materials
cause contam nation of the bodies. Summary 5 It is

wohewn@bene an obj ect of the present invention POT/US2004/008522

provide a thermally conductive conposition and a
thermal |y conductive sheet having | ow thernal

bodisid tetvelricle theasheets Awwipplied Faedrenedalas &b voliatilizafonef the materials
servi ce. ording to one enbodi nent of the presen .

S REoEY 0 R P, SRR B A Ay SongiRaBaton of the bodics.
thermal | y conductive conposition conprising a binder
conponent 10 containing a crystalline acrylic polyner

Swwintaryan al kyl group of 18 carbons or nore and a
t her yal onductiv Lller. Such.a thermall :
condlat IV aR et ohitk assm g RiRndy PV bRy conductive

cothp ARt £l a thB@n L8 HAGHdHVeRhdet heANE &6 BfbrbY lefiGtances and showing

~service to decrease the thernmal resistance, and as a

goaslnglepsabiléy @Bapsesyice-on has hi gh thermal conductivity.

Howeyer ., .t he conposi i.i on ws_ 15.g00d releasabili

L L Rearpinl e ST BB RR 38 Brosdid iAol ThERTF Rlovidell an
adglidtbised BRIARY conthrvd SorhpitiinesaifrisiiRachihieaiondnent

nmeans an acrﬁllc pol ymer that shows a nelting peak
campingeesyrdingyenlie pelyast wah angbah sravg of d8srrteas pymore and a
th@} ﬁy &%ﬁ{l&i\j@qﬂ}&d at a rate pf . 5C/ mn and .t hat is

obt ar’ne rom nononers containing an acrylic and/or
met hgwdhyd ihermalhosoatduct?@ dvhipesivien had high taéhidsion to a body with which

"crystallinpe acrylic nononer"” neans that the |
the spEPBs{ifR S @ntacisddupng seyirsdo de@papsthy theraal desistancs, and as a
n | 1 1 ",
i MRl SRS b A AL B fsiin s
galglensabgdal yfterserviibee t erm "noncrystal li ne acrylic

nonoyrer .. means .t hat, t he..honopgl r of I.C 25 T
bec o Ro e 55 TS ey e BOBBIS ettt i it piontpecification
mEERSANHckicRIoBf B 1R sHBRO 8 BN SpeaBiviRmERIRA b HiffdBntthl
crystalline acrylic polymer is used as the binder
scenmpgnalatrimsiry t(RE ) Mdviladieatyd acorathuek 3 émipansiibit is obtapfed from
t he gresqpt.invention. he %h%stalline acrylic polymer
MORPBTS CREAINE #1 WaEWHC Y IR YR ePSPIPE shows a
mel t MagedRer, e tefhecRbalRE 266MD diidiner'’ e th&dh@homopolymer of
tenperature higher than the nelting point of the
which deeamnesrecrysialing aciyb pameto - 3 WO 2004/ 094529

PCT/ I Ny i |
o PR BTSSR N A oA e
crisalline saglispalyeeerat the interface between the body and

the conposition is_|owered, and the i
The term "noncrystalline acrylic monomer" means that the homopolymer of which

becomes a noncrystalline acrylic polymer.

Details of Presently Preferred Embodiments

Binder component

A crystalline acrylic polymer is used as the binder component of the thermally
conductive composition of the present invention. The crystalline acrylic polymer
composing the binder component therefore shows a melting point. The binder component

is melted at temperature higher than the melting point of the crystalline acrylic polymer to

-3-
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conposition exhibits high thermal conductivity. On the
ot her hand, when the conposition after service is

woaal4dd420 tenperature | ower than the nelting poTmS2#/008522

the crystalline acrylic 5 polyner, the crystalline
acrylic polynmer is solidified to facilitate rel ease of
inpreves hdtesion té\a bodylimithl which the oongmsialloh isneondmted. i As a result, the heat

pol ymer. cont ai.n inth [ der onent shqu
rqg;étp)écq at tﬁg\l}gergac]q%e{wq.?g tﬁebg?f{] IHB(ﬁSlttl(HblS owereg and the
cdrEpRRIGH éikrhﬁﬁtst %H\fhbﬁﬂaltceﬁd&@ilvﬁge Dn' the BHRPRAM, whHh tHR%Eomposition

the service of the thermally conductive conp0siti on.
afrdreemc,css abdled to @Umtame poverthan the efiediizbpginhafthacrystalline acrylic

pQfymet o ST st e s BT it S o0 B bEa of B gheet.

AB&orBingRe tnePdtfistBifife Bryli@PEIymer Bont&in¥S irddhk biRleAsnipdrent should be
polymer is a polynmer “of a“crystalline acrylic nonhomner,

mad@lto Irpevg atyaeléing heint loweo Hpdhs iempemtuies ot hiehithe fipmer is exposed

o s of ek SRR B ey PRy, TEEbIAGRME B

poTDier plefesbll @8s 8 nelddiepifittagth khaheoamt¥inpErafiRO QB! 25°C or
i ncl ude octadecyl (neth)acrylate, (also ternmed

highers and/ 100°€° qrr}@’evnlj ary peefeably 3036 o8 digper and 60°C or lower.

(ot PGS el achR B (TR DONALE ¥E RLR NN EAIRMenomer, and
mapebefydr a(mﬁﬁdp)oag&ﬁetl acepglymet. rTlﬁHB&gﬁyllmé aetyliy aenyh@t tcludes a

tetracosanyl (meth)acryl ate and oct?(I dodecyl
(mpsthlapyyviate 9$tart1@0nomﬂéﬁléh yselky) grawp g& %P@réowmﬁ iExamples of

th@ Q%ﬁe mmo 1cf ﬁEn@tﬁéﬁH&lﬁde BRh oé{!?f {rﬁétfrl:% @’Pnag c{f&ls& Iﬂe‘?med "stearyl

rs, or m xture I's or nor
(méth}abqlﬂb’bmmmdmﬂrémsth)azfylwb,nemaayl (rmdtha)acny;met allehncnﬂmyl

acryli o] yne so. be t ai ned,
ety fotomet GsRaniat (0 Banel peh@st Buetiacorhishe
triebsdnfE(BRR)AEYIRE! QQ@éc%san%‘ heth) RSt %Ji bE‘t?/ldodecyl (meth)acrylate.
macr onononer ‘i s an ol i goner prepared f
The grystalling perydic myqnomenmﬂhﬁmecgbﬁd fhraemangﬂa pommemmg anieryd the
a8 & P R Ry SR B e mols i B aieromers.
Mokd et Etie digdthilige acyTe bblyaer ¥hioyko be bbiaihal f@nos Brysalline
25 nmentioned as the crystalline macronononer.

IMPGFORIREPRET dat wﬁﬁnt&l@a} rom gae aéﬂﬁﬂab@vay%ersf@yclaa gyystalline

mB&ofhofi§ 1@8{‘ %él iy gc . % Pl‘éﬁéﬁéa okd Q@x%@t%ﬁ}ﬁe a%_gﬂi%%@&ne? 9 ﬁavmg a

noncrys C” nononer

pcﬂymsmahg tﬁn&tlaﬁmglrmq) quoh WsTe feringnad (mehddcyyieyl gif)ulﬁ Spec1flcally, an
st aI line gl) acryl ate ester nononer
1

06541 ¥l acraﬁatel gom Sgging 2 %Ffeacaw@ybteﬁm@% g@tlapm he
mi@l?cﬁé{-erH%s %rtqn%thng Cl% JA8Rsrystal l'ine acrylic nonomer

or exa Yacrylic nononmer with an al kyl
g ro uEJ.lrdferﬂlﬁreg: mebmym;alhne darglic pdlpmepmey dbb dkla,copalymet efa

bt S . T i .o
crgé‘@lﬁllﬂ% @&gii{:/ ?B met & 0 Mr%ﬁ%gﬁt% #%Q)%é{ §§§gr monomer

et hyl net h) acrylate, octvyl acry
witk emalkyl gioup ki) & carpbed @, maeeyt a noncrystalline acryhc monomer. The

noncrystalline acrylic monomer is, for example, a (meth)acrylic monomer with an alkyl
group of 12 carbons or less. In more detail, examples of the noncrystalline acrylic

monomer include ethyl (meth)acrylate, butyl (meth)acrylate, hexyl (meth)acrylate,

4-
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(et h)acryl ate and dodecyl (meth)acrylate. Mboreover,
to increase cohesion of the resulting thermally

woandwoesizye conposition, a (neth)acrylic nononBCTMISRIN4/008522

honopol ynmer gl ass transition tenperature of 20C or
hi gher may al so be used 5 additionally. As such
2 retinydimasay s (théthyaerydaty, dueylr(eeth)anrgldtes sobatyl/ (mek)adylaedlecy!
their _corr ndj nhydrides, such as acryl.c. aci
ifbaerd i ahd aPvel (e Retiare | Soset dn erise tohSiol Orhe
rRINE thtally CoEAIRGe B hPosdith, hi(hef)hbifiid S8nodBdwiiRhL el C
acid and its anhydride.” O her “exanples of
h¢mepdlymer glassciranstivmsenperatuke 25 Eoiryhigher glagsdso be used

AR IP EERR A e Bl A0l o S b g e
c@easysbm%i eshylPidss) ehictess ddrPcidBidivd Aekilddnt#hacflik acid and its
pol ar nitrogen-containing materials such as

aydridg.|ifppenis laridomd its nlyydiidecanst wilgi agid and its anhydride. Other

' I L di rvlonitril.e Oher noner s
o Ay B a B PP B e PO e RHRR oberacurs of
20 et tigiedr\thetds cy M_dﬂﬁ?ﬂ)(me(ﬁ]@érzbaﬁéé[ ¥rlaghid) Jubstified acrylamides

chloride. In addition, when the crystalline acrylic
syshlay MeN -flineshylaeplamide and polar pitipgerrcontp@ingangterials such as
a i . .1 C- r .15

NP R e N LA ol R B e G Other
mbnt_mﬁ:ta indndameicycloadéayt ena?)rabwgz:itbng%%%ﬁf(ﬂfeﬁbhhc%tyﬁ&%woxy
(R Tyl SRG Y HEhlgrdd 1 1A OqRB i hen ke sey ST e isisthemer i a
8 13 ULy P AR S P o
criystellingd @ciylih ol yprdrysie coppdympaneepascdirhera mhaomeimixd@e containing

j ) ' | | t he effect f
prple T ablnty Pkl e aere e it 207 byt uSter of fe
cr95thRine ROlyYiTRionoaiEp BARALS théhbHERePwBRACIYBhEhE LRRtalline acrylic

acrylic polymer. The binder conponent in this case is
padymexhasrsaffédient ceysidlinityl i ne acrylic pol ymer and a

nonckyst.al;l rvlic | ner.  The noncrystalline

o y T bRion RN s RRtt Bher EOSUREPFDI ARG st
crysakiny atBiit pbBmag hY ldng aeiereicts dMh@peént iblentibiare not marred.

conposition to 25 have a high adhesion to a body with
Examples efhe etheppelymepromproncaittinendeia aonarygallise gerykic pelymer. The

. £.1 Gl . i Lt J '
bip ey BBl i BBl 56 BRRAR s oy O R hD L i o
nmr;tsﬁillﬂm awy/ﬁdpolymmg mheo*ﬁnnmallinmfequ:gﬂﬁnabh ys%taﬁl%l by

wei ght, or, nore, and st.i npre prefera 50% by .
palmEifing fherhoxe aPnctr}ﬁSéal@m/%qrxm FIRBORER. i cedgsdps fpgieomposicion to
e e By 8l 0P Sine AP e dubinkrvice and
tofshbwenifitent adeashbitithasag dobEngrilel hody afteustrvive the binder

ition of th nt i ntion
co%r?p ont grlet%rab?y antgng li(?‘% ytwelzi g Vteortnllgre, more preferably 30% by weight or
more, and still more preferably 50% by weight or more of the crystalline acrylic polymer

based on the weight of the binder component.
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contains a thermally conductive filler. As thermally

conductive fillers there nmay be used ceram cs, netal
woxbaae4s2oet al hydr oxi des, netal and the |ike. PCT/US2004/008522

Specifically, there may be 5 nmentioned thermally

conductive fillers such as al um num oxide, silicon
Towineily ovaduueive difler oxi de, zinc oxide, titanium OXI de,

zi rcgpni um ij ron. oxid roxi d

s,. al um num
si | i dof agxPEbased thearmally ﬁP{l‘SfC&‘ch C%@Bﬂ%lﬁﬁ%gﬂ‘iht? .Prf-‘éent invention
cbilthiad wﬁerﬂlaﬂy b&fiuchld HAQN AN dbintifly dohfiadve rﬂuegs%e&emay be used
car bon bl ack, carbon fiber, carbon nanotube
cenamkczsl, metb pplécs, n@ltalmydmmdeSI meizahansﬁﬂle ka .dSpevificllyyeere may be

m(eﬂﬁ ?ghler%f@llfi/%%p ther %glielrs ?é%lﬁ qn@, %1{51%&#1303 (Ix%e magnesium
0% Ci RS oxigd Qﬁaﬁ&nf&mﬂwnuﬁﬁ o%idRi i@or?bb@iﬁ@é’naluﬁﬂﬁuﬁl'hbhﬁfmde

particle size wll usual Iy be 50 0 gm or snal
smh@n carbide,rbq@am mtucliee alindauingifrige, thtamgm mtrl‘t@ smh@emmde titanium

en .S preferre
ot RO ek Sty ool RO EL i Snd BT Sy, atuminum,
nﬁminh -SlZ e faet. l@llygﬁnmyfbﬁn tiferdF Canl 58 ahyEry§tARink form that can be
partlcle size portion wll fill the space betmeen t he

fqraned by Sag reppaceve Plzeémsairsv@@ﬁ% sugtsshexpganeher qili system. The filler
unt of...fi| 15 can, be The. part.i
o e Syl 3 e SBRNGE T BRTG prdi s Ty, e
she@t é'tﬁ:@lFﬂms redRidEd. tiﬂﬁis R8fetied € cShBie Afpottish @t‘TﬁﬂgE-51zed particles with
particle size portion is bel ow that of the |arge
a paition®f émgllﬂzed pelrtxcie@n Thigrig bmaelsetetha tstopll|pagiécle $iagpartion will fill

o Do) LAY et 058U S SRR, o] St B grer
cdiEte 108ddds elthe ;Jafhdkdﬂké bOMe latgd parti€k siZeGRktRsh s PpRIFEABLy 10-150 um,
W th a coating such as water resistant or insulative

ansoilie paigle sife efdhasals p@@cbrsq@moytnmng bn@yv thet oisibel largenpartlcle size
e s
I S N M g T s T

: b&hrsafﬁmtr&até@wnﬁgﬁm{wutahatelw hibe Iﬁ@}nfa@ﬁseﬁf Tn 9A@MbA VA filler

of the filler. The filler shape may 'be regul ar or
cqamdet@gnegn Wnﬂlgyw@mggypﬂcﬂ; as p(ﬂtgrggmgant orgmﬂgulatlve ebdtimadeadiceramics

needle at.e- Ihke
oS RRThSE Mhay SRE Ao i i olaoer e mmsgnsghe
dignepgioh o€ L lf)%eﬁﬁﬂn Y a8 gaggad img stﬁdi%lﬁtlﬁlUpaﬂﬁn g through the center of
particles. The filler 25 shape may be sel ected based

gigity pbthgifdlen sThe fillgr shage mméb%ﬁgluiar PbiryagstarZon gxasmeidrolygonal,
ﬁ%ﬁgﬁ '351 %g}% dg%tsﬁ??g ecl\c{)%p I 'ﬂ%hk@gr ﬁ%ﬁk)}hc&%ﬁ{&%m gf‘etgese shapes.

Fmﬂemtarfﬂm&rgpaebe a pagticke fabaed by agertpdtingrergsaallibepadclesl The filler
order to inp an el ectromagneti c_wave absor bi ng

SHape Yty . Selﬁﬁe@?@@é@aﬁa@mw&ywéw therseyinedymerizing binder

0 )
AL of 85 Ry BB GRRHE 28 My g posion
met aFwthencin eéez:tmaralgnﬂ;d waveodbsaubih gFélleBicad\be alldedlyin order to impart
ang%endus , .and Cq?sf—’ n. Since an electr orm netic

EUTqTRaggets VAT 2 § Progerly-sfne @?ﬂ@{a&yﬂ i€ oYRYG %Q‘?gi,ng filler
1n@ﬁdes SR20 84 BoERR Rudt Y V2R %ﬁ%owgn fergte and Mn-Zn ferrite,

el ectromagnetic wave absorbing filler may be use
magrmtuealbmofameialsmuxh oy earbartyh iran ahé Ferdli1Al allop (studtsit)y end carbon.

filler. . s . .
Since an electromagnetic wave absorbing filler itself is also thermally conductive, an
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O her additives 5 The thermally conductive conposition
of the invention may al so contain additives such as
woaolkiobseys s, anti oxi dants, plasticizers, flamePCT/US2004/008522
retardants, anti-settling agents, thickeners such as
acryl rubber and epi chl orohydrin rubber, thixotropic
elagemhagnstic wass absorttng fillzeniag be nsel Pdoveger as smixftact it & thermally
anti foam ng agents, coloring agents, electric
C%EWH%%%E@%-particles, antistatic agents, organic fine
particles, ceram c bubbles and the Iike. 10
oflel- 84 a{lével y, conbinations of the foregoing additives
used. Production of acrylic-based
t her Thd tlmmﬂl}dmmlﬂuma/emmmsnion@lﬁ t}mdvéﬂnmmmi}l also contain additives
sheet The_ acrylic-based thernal

nduc |ve
Sveg figes, @%%QW @%ﬁSBFIZ?qseﬂﬁn%gféﬁfiamngtSFﬁhn&%ﬁ?nts
SN P BT ChiBub TR AR i BAHIE bt s as
mowopiesd sifcd prevdeir ruiefactontsparntgodmiag dgents lvelaralgl agents, electric
nducti ve flller and then I rying, out . .
RS SR A iR B e PRI esapicypubples fad the ke,
A(t&%t&meay fdbhibhnatiBROSNEBE f(‘ﬁ‘elgémg Q08Ki9d Ya fslsb gwuw,dt hout -
further” processing, the friler may set
thermal |y conductive filler is mxed with the
Priodret¢tionactragtyilic-basetbthemaatiyndoadudtiveg doinpdeitioR And thiepaaléntonductive
prior to polynerization. In such cases, it is
J%?%ferred to partially polynerize the (nmeth)acrylic

NONOTEL ARG Qb RBARLHALY B RREG LB RmATIthe presif Ehvenuon can

partial polynerization is preferably carried out to a
bapredecsidtby roixingro@metl)@Ceylio RO e fincldingerystline agrylic monomer)

f the l. | bi,nd
fol STy et Batift FiEinde? et Bhbd: AR SR RrT CRRRCETF tilgr, and then
cadifyingddt YeByneRizRe6ts H@\vaeﬁlsbecﬁ@sfe tﬁéﬂl@msﬁy off bRy @Rkh)acrylic

pol ynmerj zation, 25 ul traviol et pol yneri zat i on,
ululeclaggt] 8?@9%11]23 bF Jare miithaps @ntheglprpa@ssw tﬂm@ﬂlmz mey geitlamden a
thlérgri'igflﬁ) &)gdﬁgtfvg Qinl%{’ qﬂllxe@v&}l&etﬁgﬁjg e(%rkontalmn$ binder

IFfat or or neri za I'S conmon

cot[mﬁﬁheﬁtqmcﬁ wﬁolpﬂaehzzaionp Gh yileh dagé, itQSl pre&*refdh@ paRially polymerlze
nerlzatlon initiators there may be used organic
thﬁ) éliﬂsstlp 8y licrmenqipgybegrehand ity fcagase §1?c‘ﬂs%?§1tﬁd i Dy partial

oﬁ%%a@i%ﬁ 1§ fe?ﬁ%%f Q%IQL:? ouﬂ‘t%taqfi §1Qy BELIRS 166 '10 OOO centipoise (cP)

roper oxi perOXI peroxy ester
inpemmof thk tharmd Ipat}amrﬂrrrg tihder cbnipenerﬁp &he phucial pqumbﬁzamn may

be@é'%ﬁ%@&%gg gqlr%%% [Jjéev ilq_cges%gﬁ( l’:lsd For e?(ggﬁ)?e the?r?lgloﬁ(chgmerlzauon
ulfr%%fe% Pﬁggh‘;ﬁ?ﬁfoﬂxéﬁct?bngoe%n{ BAPBERYORCY- PR M e rization and

roper oxi d
1ohmzﬁfg41md1laumyl cycl ohexyl ) per oxydi car bonat e,

PCT / &%@J @é%r!ggrgzra%)én 3n1§Z@¥€E§€qqgéfg§rggé§auon initiator is commonly
used %orl%'u&( %xy %ﬂ)}ﬁy%s glg@?ﬁeﬁ?lyégﬁz%oﬁ(lﬁﬁlators thlere may be

but yl per exane, ternative
uspe Dmahfcqteedmcﬂesﬁndaa‘ iatlieakioitbitora sidnms diacyl peroxides, peroxyketals ketone

peroxides, hydroperoxides, dialkyl peroxides, peroxy esters, peroxy dicarbonates and the

like. Specifically there may be mentioned lauroyl peroxide, benzoyl peroxide,
cyclohexanone peroxide, 1,1-bis(t-butylperoxy)-3,3,5-trimethylcyclohexane,
t-butylhydroperoxide, bis(4-t-butylcyclohexyl)peroxydicarbonate, 1,1-bis(t-hexylperoxy)-
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may al so be used. As photopol ynerization initiators
there may be nentioned benzoin ethers such as 5

woemaovss2et hyl et her or benzoin isopropyl ethePCT/US2004/008522

ani soi n ethyl ether and ani soin isopropyl ether,
M chler's ketone .
3(3&-#icyt]ehcmme,t hiﬂbmh(tam;«ydpmmmx)qrchimwa)e 1drbis(tbst i t ut ed

t ophenones suc
b PR et e AURBRENG Regruliselhsvigte fgmbinations
alsoMethRE®r; | rgacureTM 651 by G ba- Specialty

em cal) and 2, 2-di et hoxyacet ophenone. In addition
t her &s rphytopelymatmmmumg thereimey ba mestiohsl amzhinaghers such as

- et b h | f
oGP B Sk act op BB N BH AR LSt AP Bheras apsOrLgsppropy!
emomgma yeetOxd m@amtﬁﬁmﬁﬁ&mnmen&&) or substltuted

1- phenone 1, 1-pr opanedl one )éo et hoxycar bonyl ) oxi ne.
amtqphémm saeh a2, %ﬁlmﬁhome@@m gcettcnélpme (for example KB-1 by

Slglﬁcfl%{ {_r ad ér:g‘;ésall %tsg)gcél y?ﬁg&é%@ﬂﬁlﬁﬁg d*e Ixyacetophenone In

addHidd m%@rmwﬁsam%ﬁﬁomrshbﬁitu@@ loyvieaRé 1k %@éﬂ £D- hx%tijP—Q-
particularly 15 restricted, but will normally b

hnirompr@plpmmgntz;armatgmulﬁooylmmorp@s tsaclms Zf\mp@ithalmfesmlﬁmyl
h rth
o RS plotp s DR ER pser P PBRIrcet & 1-sHEER plsPropancdione-
2-‘(@%ﬂioﬁsceﬂlbﬁny\l\)okﬁn@ Afptdmbinaist 6f théiﬁﬁe% oih® tlféﬁﬁhlrlﬂilyﬁl&@zatlon
nmol ecul ar wei ght and the content of e pol ynmer
injitipsery @& ﬁh¢tﬁpqlﬁ@eamtmnn@@a@a$ miagalsg bpassdrer i zed ,
_p0| y amgl?ﬁﬁ'mltlfe nR{a(t]cgr ?(fﬁ)é %Qﬁiapg&%%ﬁ%zﬁ[onqg ggt rF];aatécularly

i ncl ude nercap tans

re@ta'rctbdnbutt\ﬁllrmﬂnhkby bele.0ot -Stpaets biykesiglanel 100 pixkdtat weidht of the
thereof. If used, the transfer agent is generally
(petRCTYHC MMPRQMSTNt of 0.01-1.0 part by wei ght based on

100 PLF}I{ eEI mB¥%, 6t tBbarffl ;Lcﬁﬁneﬁ bR)@e Mklhf%ﬂ?ﬁgfﬁtmn%an be

Cross ng agent nay be” use to I'ncreas
cagtieeotwithod clzimp trenkiert agaiieto cohieol tRS nolcalan edighn andn‘iiel cymtent of

conducti.v si tian cessed .into a sh
tng PODHEE e AR B e B S St o1 Gty the
cRGLRARIdraghf 1ﬁé]§dlé’%le1lc ;f)tﬁﬁJ lavateds Wb(ﬁ‘ll 826 miURe garbon
Included i’'n exanpl es of the crosslinking agent are

tetf@ﬁ;bé@ﬂ@lbmfdhfylﬂm ,aad awhhmﬁbqlarr(ﬁeth@teh@déusado Hdramafee sganit ishgenerally
4
w3 ARy R Lol on B B o e prargi s ene

(oiBth) A Iit ednofAéanam de) , tet r amet hoxynet hyl urea (for
exanpl e, 30 Beetl eTM 65 by Anerican Cyanam de) or

t et rAsTRsshiking pgang ey be meed lodrwees)the grangth ofipsprpduct when the
ob%ﬁﬁc? heﬂﬁélgg%o%gﬁ& % Frﬁjl gﬁign E)%’}%)r%%ééggé 1890n§ she%f: fo¥r|nac}rqﬁe like. As

the brq@ﬂﬁmﬁgeagegtsy@@hslﬁkﬂfgragbm € b thermBalBsadtivatet Rthyad®yBe used.

WI [l usua be used -8 WD 2004/ 094529
Uisdamobogs S s iakna B EIowE olsexBasd epinefgrmaldehyde

co%é&la{es WAnl08 ABbh St imfleg!ﬂkylogroﬁﬂ] %e%ﬂ&ﬁg{ymethylmelarmne (for

1™ 303 by American Cyanamide), tetramethoxymethylurea (for example,

example, Cymel
Beetle™ 65 by American Cyanamide) or tetrabutoxymethylurea (Beetle™ 85). Other
useful crosslinking agents include polyfunctional acrylates such as 1,6-hexanediol

diacrylate and tripropyleneglycol diacrylate. The crosslinking agent will usually be used

-8-



10

15

20

25

30

Conbi nations of the foregoing crosslinking agents may
al so be used. A polynerizing mxture (thermally
woanmdwosi2ye conposition precursor) is fornmed BgT/US2004/008522
conmbi ning a thickened bi nder conponent precursor
conprising the (neth)acrylic 5 nononmer or a partially
imparl ymeyrit o€ 6.000+5ypeets bybveightad 10§ ppas by wieigho b/tie mamixiepn

f .the h AN ] i Xt f th
Bnbiifiont PEHER bR Ero IR dee P ey Ao bS Risth zed
pol y mesolymBfzidg Rk thekmiallp Boﬁdﬁcﬁb@&&ﬁpos}i‘ﬁ&ﬂ‘p@cursor) is formed

thermal 'y conductive filler, and optionhal
by, eerabiningka Wickepehbiaderdempenentpredustor ggaptisingthe (meth)acrylic

it . f. th | i i .hpd d f
PPN DI T
(1peth)adBI1E MBonke, MSeix e W VRS afoteRRhTBhedRAbNYREL %ﬁfﬂa‘ﬁfhﬂy

e

or ultraviolet polynerization is comonly used.
pelymerizetkpetymen eng applyinerization initidter with aghermally conductive filler,

. [ I AL s described in t
o RSl B s Pl o B LR BB, B of e
pélhmsrizivnyhehodsaised for prbdirpethe afoMmedtioned Partially polymerized
(ﬁ’gl ynmerization initiators wth different half-lives
PORAPC By Pretssde dlovs Ve Mhiarmakpglpmgrizationion §ltravialefrmelymeization is

I 5 . . .
MR T OTRABAN B ERUE0hy o B B perpion
ingmets as Heseribedinathé tbowe mitidlyepopyreatet polwest Rl beaBedRr this

roduced by the follow ng procedure. The thermnall )
P YRAIEAIOD e MRDHS WO TROTE @O RERIZGOn BRI aviEing Hesontbelf-lives

mBY aBo Bb AR&L @ o tReSolRherififs HikiGre. The resul ting
ol ymerizing m xture " can be used as a thermal | y
condWdeh vhe BHdder Sompohent frdchisog istth de poktmerized by ahdringlii d
tate in 2 he | pcation.or area.between the portions
pQy e Aty RedRiie seimiriugi ol ier pispeqy Biention Gan be
ro8uceB 0. thN IR poebdhre.t TR MEHMATRY d ARGV obhoSit i
g heat eggat, abo&?ﬁ%%- 200(12_61‘ or t h.ezgﬁral pol i/rrer %ﬁtﬂgﬁ PIECHISOT 1S
dearad ardited byi aplanetenyaniker ¢nthe kel uEhe xesultiogpolyinteriging mixture
' ' [ . {, et lic .. . :
3858 R0 S Al P BB M o i s
thadiodiion on@ed betveer tHeabirttondad bé edlicReBarithes themSRNpdlPmerizing at

used. Further, a thermally conductive 25 filler "having
503?:@9 6+ Altarpatyelyy thepodymenZipgaiitureds heated atrabeut 35300°Cafor

A q r | .\ .
oS4 BB AR R Al b SRISHER LG proan o
theztventéon. oAs a (inéthiceylic madomiee, a Hosth)eerylicimoridigerthagingahy of
| ymeri.zatiaon reaction of an acrylic _nmonomer wth a )
acllf. GSHE O PRYC BRERCABICHIE it b seHe E e oA hermally conductive
. . r
FRQREL Ry BRI, AMEIARRAFECk] QL) TN monomes
and @ithé¢ronaBly conditchiye illgt, mhenupahtegethes hambavacityibs the amhé nature, or

1S used. That is,.a,reduci netal jon elute froma
g P ST o b S8 ST Bomomer
wig £5éroRIMIRE peSeR\F 8RR ABhAE! iohd Ldrfdti cgﬁ%@%%r@motion
redox reaction. This probl’em can be avoi de y
rejcpigp termgda rodaxciga¢tion. gfttengommua0hdreded 52 Paid when an acidic
(m@g%chjﬁgco r%%ﬁgrgg’és%%h as acrylic acid is used. That is, a reducing metal ion eluted
from a metal mixer, a thermally conductive filler and electromagnetic wave-absorbing

filler may cause a redox reaction. This problem can be avoided by lowering a viscosity of
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the thermally pol yneri zabl e bi nder conponent by

reduci ng a proportion of the partially polynerized
weoabogroess2dherein. Alternatively, the probl em caaThs2004/008522

avoi ded by using a m xer made of nonnetallic materi al

or a mxer coated with a resin on its metal surface.
theftberntally polymekeizable hpsiee nomporent by ceducmgpgirypetibz efitbeypartially

POt v i DR p LS BH Sy Bl bitevepycstie a mixer
made bEorfnRdthIQWiniEe il O £ Bk &-colle8 wiled 58l oh i@soxﬁgﬂéf&.{ﬁfége.

conposition precursor is deaerated and m xed wt
pl an¥henyhabinder apmponent fre@rsoT iepQipingriesd by wigravioket ur e
us . obt ajn I s.nol ded.. and exposed.to ultraviol.et
oSl Rrip R bR ARy 2 CORBARER R b8 st YaEh can be
pRAgMddRahE Relowihe proekdiad. radyherhByBgRBiIcHve ERpdsitfn§Recursor is
to ensure an ultraviolet 10 ray transnittance for
denstajareandAnied withrrelapegsayenixenr the ke.nEherpelyyerizing mixture thus

f [ ' tricted for .the sane .
oRBER bRt bl R RS B G e
comp@itidngitovidedthaptieanblByd ba thitkhéss 38 fe@itictddtB ensure an ultraviolet

pol ymeri zation js preferably carried out after o
ray spsingnignenior eelypusizatioy Theranteat efithe seesmetly gordystive filler is also
] coating the surface therewith and
re?%%%dﬁgrgeiéﬂgﬁeeag{;n'by cal endering or press nolding. As
a r eBihen thet thermdilyravatihiotive shets of thedinsdition is prepaedbng t o
the i.nvention can be obtai ned, The sheet nay be forned

PYI¥IEHZ4ioBy e PAIVRSSIEAeTLIS gretriabhigeieutiafier fihgng fhe composition
toRh&&lrfdce oPh §\)higir?ﬁt dugh 'aphﬁih%brf&fga %g%ﬁffgc%tt}m%@wﬂ}{ and forming a

oxygen. Furt the acrylic-based thernmal
sheotrtuelinderinponpsss moldingayA heresultdbe terhylly &hdackiieshect

o A T b e s Bt ot B

atBRSIR Cof BRgdhea!thdHkd HEorG@Nh §Rdvent PRI S ization b
solglglent whi I% the contents a?)gé bgi ng suffi cédgﬁ?ﬁ/zamn y

O¥yigged to effect uniformdispersion of the filler. Wen

t he [ et of .the present

e S GREME BB o BEGHER mayoy groduced o
addy tiie Bgnhhiey caduetivdRily to kb ssktivh bPetbinded BoBpbdeRe f Hluitable

a support such as 25 a liner or coating the surface

sofyeet ik cthybRaeatg aad draEng thy ceniprth detemye dhe jolvas while the
cofRhl BObARL sGPR1nNY rlifey &R ﬁlﬁfo%{}n' dileifol bt B filer.
removing the sol vent 1romthe Sof utiort by dryi ng
Appl Ween iherikeriifadly @ondudtive biaze df the @reven iﬁvﬁfgigd lﬂﬁtoi bé%)r?pared, it
SItl sheet o

c%rrp 3{1 and .t h(ist hermal | y conductive

cap g OBF%%‘ Y 3PRiYEME fhgAn 8Y Q& BRIuiQy tothe srfash obp SwRRert such as
I 68 cOUti ' i ' : i

o RO AL Bt s ESEORLF SRS A s motin

‘andoneling the nbdes toosaidifygr dphémovify thettopveaefrsm the sainon by drying.
chi ps, central processing units (CPUs) and the |like. A

thi ckness of the sheets is mainly determ ned by
A@l&éﬁl—%ﬂiﬂ ng a thermal resistance of the -10
The acrylic-based thermally conductive composition and the thermally conductive
sheet of the present invention may be used for adhesion of heat sinks or heat radiators to
electronic parts, and particularly semiconductor/electronic parts such as power transistors,
graphic IC, chip sets, memory chips, central processing units (CPUs) and the like. A
thickness of the sheets is mainly determined by considering a thermal resistance of the

-10-



10

15

20

25

30

WO 2004/ 094529 PCT/ US2004/ 008522 portions to be
applied. Usually, the sheets preferably have a
wohiakners of 5 nmmor | ess because the ther maPCT/US2004/008522
resi stance beconmes snall. However, when filled into a
gap between a |arger heat generating part and a heat
pait®ss pabd applipdr Usualy, dpphees ptedereblyfhaver thickness of 5 mm or less

o e BB Bl BB Aty B B e BB brween
1458 IRBERIhSraY :pﬁﬂ afd b Bb&t@%ﬁ?auﬂg 9@& &r o bpﬂéa 2 azsm&@l%

suitabl®, the thickness of the sheets'is prefera
irregsiaritieanf 4 panmurfacEhihe shestnlgdving & thickness greatehihen 5insm may be

L@Eﬁ%ggﬁ?‘F%ﬁw}t géegpf H%ﬂn%a gﬁéﬁn%lﬁslt (?:tolg CtSmeme suitable, the thickness

of Bk 8B&APIsPréferabB) BaSBak N@aled W th respect to the
thermal | y conductive conposition. In this case,

rel edbe tf@rmelﬂﬁecemﬁyp@‘fq shget ip pewideddm fmnmg@ thexmestlly conductive

$& L] ow 1t ve a
(ﬁ‘ﬂé nslg : ng :1, squ]ort RF k)%si,en I{l(?lillgl rgzllteasap oL, ]rg?sreérqaf% with respect
toothe mmwys celiRetiverempdsfonh an UEe das\émele%s@&ctﬁ@ %ﬁlﬁpotrtoor base from
the support or base for inproved sheet strengt

thesheateipripg peryicsllallpwhe lager @Lﬁﬁb@ralsél fme &ﬁm filgmdAlternatively,
the%erﬁfﬁﬂgr&%n?duchgg E?eema ke)deso li’)%%gec[ ﬁhﬁ% ac Pe%l té Elﬁeh%ﬂlpﬁ? 'or base for

ene ere
miprbyeﬁi ik tesmengihp iPtoI;&hc&tmes Pfﬁ typrhl @f Suppsreedriiak@n ead for example
er ket.one, yet her sul f.one,
thﬁ’éﬂ f% hyseddilps el polgysﬁvéetnﬁem Iyprapylenss w@umd@n@olyethylene

tePeﬁJg fr om?to ﬁlféﬂg ﬂagﬁ't? V\ﬁla&obﬁlg{%%gwg"gs e{ﬂg r}y q%tﬁér'ﬂ&oq]%

p@zethersullfenel yolquthyﬂterj)ena ppl'yeyhemndée fpolysulfone, polyphenylene sulfide,

| 1 doi m | f d th
Rt R B arlest g Rad et BRiddhc YRAEaU® Bl Serdt g eds
parBENIARY tequied GUsdiyimedd filnh 6F p&l?arﬁf@l%lmﬁlb' BiRNE pRErRAS Yoreover, the

FurthernDre as supports or bases there nmay" be
thersmal icondugtiniy mayfadﬂq by in¢reawd iy udilingra thewpiyreondudtive filler to the

SR Sy DTSR L S P o
al@ﬁurﬁﬁah y:ep% for f:heblﬁfe?» or Wov&lGbBritd, Refiwotdaatbiavg s@ﬁl@l@ formed from

ared by coatin these fibers with a metal .
gl @f@ &@r&, OB &@ersma% &bpys &5 paltycsier fdhrss, Oéilsucﬂitﬁbﬁrs that have been

préﬁ{erge?f;? ggﬁié)%gﬁgslesfﬁ%ﬁ itlPh Irde'ial mi%e[ ngpﬁ%?%%%% mta}r \I?eé* present on one

ormoanmrmesleﬁha shdet, @ mhayabe ehbgrlet nrathley;hmJ ymeri zed
pol ymer (partially polynerized polyner 1-2) An
ultraviol et polynerization initiator (lrgacureTM 651
(2, 2-di net hoxy-1,2 30 di ph han- 1- one) product of
G ba- Speci al ty Chem cal) |1E%%ﬁg‘munt of 0.04 part by
vvelst ed wi.t h 100art23 by wei ght of
a5 ' AR eEIIRIBY-2 and the mixture was
1. equst@ﬂudtfbnldfbﬁmélw I8lynficaied pblyafr (@R 6dlvrﬁ£r1i)ed polymer 1-2)

mVcn? using an ultraviolet -11 WO 200470945
PCT/Aspltpriade gobamerization initiator (Irgacure ™™ 651 (2,2- dlmethoxy-l 2-

diphenylethan-1-one), product of Ciba-Specialty Chemical) in an amount of 0.04 part by
weight was mixed with 100 parts by weight of 2-ethylhexyl acrylate (2-EHA), and the

mixture was exposed to ultraviolet rays at an intensity of 3 mW/cm> using an ultraviolet
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i ght source having a maxi mumintensity at wavel ength

of 300-400 nmto give partially polynerized polyner 1
Woi2003/0a4329 scosi ty of approxi mately 1000 centi pBCSAIS2004/008522

(cP). An ultraviolet polynerization initiator

(IrgacureTM 651) in an amount of 0.04 part by weight

i & Lhboal yeol j fer .
L T R T
polyrhdrizEdQoparidrsl With Weisgbdityadf agp@ikinatbleXyl00 aeiitidodde& cP).

(2- EHA) and the mxture was exposegd,to ultraviol et
r ay SARtERNIqleihokangrization MitAI(HEACHE ngOSN I g eMAYRIIT&04 part
. o . : : ¢
by S LB ko B BB R BB o B P B 0.
pawks bl veeighit voas inttiyedokitap@e partsint wéightléfethplhtxylacsate (2-EHA),
aI]écP ..10 2. Fabricati pn of thermally condyctive , .
thieoMasTREPTFd 1P JlEASHIRTCRYS AL 2B dtpdtyal g W/em” using an
r. .
88 BN o SRy AR ALNG AR KRS Dt I o siv
pagtzedly méymevized o lyinetr\leeith & wiscogityl of @epprplkemaely 1000 centipoise (cP).
terephthalate (PET) liners coated with a silicone
rel easi.ng. algen and subjected to, cal endering. The

2. ol diaRHC ¢rEE Y CANd 2% FHBPQSHION, oyven at 150C for
15 1oyl A Eshdhuls tioH Pret | bi | i
e B % Sty SRR/ S f kB pd g

thewoniporenis! lestedlin tlablkll, bedowl bCamiaeaweneeaix semdinéchEll between two
rative np . the components sho in Table 1

pﬁx‘%?@%%%%ﬁ@%@?@f Hoer @9%;?51@ aiqang gevimwﬂl}& agept a1e

su\‘éff@%’te& @cp%lmmgfegg%g :Tﬁé moldifg Wh i o%d}ﬁ?gﬁatiégafﬁ]% 89t 150°C for

et ween I'ners, and subjec to cal endari ng
15aninatel dor themnad polyewetrigetid) it give GErmallytasluttier shebtshaving a

.cond ' ts havi hi ck f 1 |

wERES L Fin PRERRER CE At hERPARER ESAmBSaR. of an
80/ 28 onRagittve EXaiPle 2, $RPQInIRENQIh&%H AHEMIE 1 were mixed at
nmet hacryl ate i(DMA (crystalline acrylic nononer) and

terpperatubg ofbs welting gdinttod tarwarc (BPECHh highera dihg Inigtures were

salz:rargvﬁﬁolgceé{e%et\glger]nat%% ?1{1%5& atélﬁt%u Jig&lg(g%o g nen%l&}é@%‘[ coater heated

to 86 yditeMEmaty Ydrduetive shedix ﬁﬁﬁﬂh%a dhicltdess 6f DAL,
conponent was conposed of a 90/10 (weight ratio CDIVA

and I Ezamplenle iq biadergompencns ms compessdail wadp/ 20e(sveight ratio)

o8RGt KT B BRI AT S AL Sl o BB G
ethyitiex9) acrd@teqapadrydtsltin©hcrolid mdaenier)acr yl at e ( CDA)
(crist alline acrylic nmonomer) and 2-ethyl he

|
acr Y Hrxampleoh ¢ indgr|cpmpongayt Jap ORPAKHOL ﬁ.902(1)i/)2(mht ratio)
or%ﬁ%ﬁén%%éﬁglh% 1/além§é9s94/ 008522 In Exanple 5, the
In

er ‘conponent S conposed of a 50/50 (weight
r at il®Example 3, the binder component was composed of a 90/10 (weight ratio)

ODMA and 2-ethylhexyl acrylate, and the copolymer was crosslinked with hexanediol

diacrylate.

In Example 4, the binder component was composed of an 80/20 (weight ratio)
copolymer of octadecyl acrylate (ODA) (crystalline acrylic monomer) and 2-ethylhexyl

acrylate (noncrystalline acrylic monomer).

-12-



10

15

20

25

30

copol ynmer of a Cl18-C24 al kyl nethacrylate m xture

(crystalline acrylic nononer) containing behenyl
worb@imoshate (VMA) as a nmj or conmponent and PCT/US2004/008522

2-ethyl hexyl acrylate. |In Exanple 6, the binder

conmponent was conposed of a 55/45 (weight ratio) 5

copolly Brample Satlfé]tﬂndaéoaipbyd:nt e leampysedtod arBORI0Utweeight ratio)

chvaRergh e Combyl SelachugiomisGrne byl onomer)
cént&inthe EE‘P%IY}LI n?&ﬁé@r?ﬁﬁ:}mlﬁy 5{) j’dr cb ﬁpﬁ&ft_ ¥hd 5. Zeethylhexyl acrylate.

MDNONET ) er conponent
conp @sEdample an tf&OjnZdEr Ccomipgindnt mas icofnposedaf ar56/45f (“(eaght @atio)

chiatier e G AP hetRBSId Fordi Gretdinsicraiammmrmen
cEfthRigTHeRen %&Eﬁé&ﬁﬂﬁt(wlk)’l@é fiafo Yggv}aﬁéﬁen@ aﬁ@h% hylhexyl acrylate

conmponent and 2-ethyl hexyl acrylat oncrysta
(ramﬁWStaBmmad@rmormmbrl b) a low nolecular weight

el BV 7L BEREAET “Somiiie A fabbeBisb 8050 Gpisht ratio)
nﬁﬂb&%f((wﬁa adr81 (@éﬂgﬁt) raug) egpgz}@l&fof 6@, T, ﬁﬁk%ném@érgme mixture

rati g) copol ynmer of acryl ate
(qwstqlmfeacr:zlsc (rl@ny@@lalcpntﬁml@@bqhenzl mthmla)e @BYItaiani njor

SEAFN iy PELE P RS Pl R SR st faytow
mtﬁduKab)NeBg,hlt pWyadfpla%:@bﬁéryyﬁllﬁBtacth) légﬂér ate
(noncrgstalllne acrylic poly 9, the
bi ndByExaspple fethe re‘aiﬁﬁa@@aweff C%P@@Sﬂ gﬁar( &%/2@ iweight ratio)

%{&%395 (a ))na %’f Ehth'?u@cctogglsr | o pggﬁ%{ %.lé}t?liﬁét aCiylate mixture
(ckymalllmﬂ m‘r)alllcamonmnqi) bomtainmb@?gﬁ&nﬁhﬂig?lﬁb&&d VATA) BEa major
acrylic e t he bi nder component
Wg‘sjegtﬂgﬁ%ﬂ@ﬂyg%e %C@ﬁf ling jcgylic lﬁmr{a‘?rgg@cf (by alow
mBRkM@P@E%ﬂ?ﬁMkla&ﬂ%é' @Bﬁcrg@'ﬁ}lé a fl EBQHL eppe acrylic
pol ymer) "and et hyl exyl ac onopol ymer
( nonbrEzxamagilé 9,rﬂae hiodgt campoieyneay conhposakafmi 80/20 (weibkt ratio)

hi.nd f /75 i ght )
00 o SORERST S RIS Bl kPt eoponme
andcd St @blebwigr wei ?’“ paya@ymmﬁan@?aamnaaﬁyﬂy olyhRyy!

acryl at e honmopol'yner (noncrystalline acrylic poI ymer).

I'n d@r&i@ml tix bingdetecompoacit-veastopitpossd ofaec4G/6@ifvesight ratio)

P RE SOl RRAPEFYER DRSS TigE RIBRY Bl meriamg a-ei

hepl é}drgzlatelhoyﬂc@ﬁgfn\i&r(ﬁonts athlAse 4digi cnsiﬁér)cormonent 30
13" MiD 2004/ 094529 PCT/US2004/ oos . Measur enent
of BIE%aEPlg b the mﬂ?rgﬂoanp@nﬂftérfaémr@pswmﬂﬁ@ (weight ratio)

mEAIRF TBbE odlelPULty19E (BEIAS) RrlitiRhd aciflid Sgﬁellm%r)\’\a%% a 2-ethyl

hexyl acrylate homopolymer (noncrystalline acrylic polymer).

In Comparative Example 1, a 2-ethylhexyl acrylate homopolymer was used as the
binder component. Further, in Comparative Example 2, paraffin wax and a

polyisobutylene were used as the binder component.
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25

heated at a rate of 5C m n and the endot herm c peak

tenperature is defined as the nelting point. The
woesulwss2are shown in Table 1 below. 5 4. MeasBCEMSmi04/008522

of thermal resistance After a cut sanple in size of 10

x 11 mm was sandw ched between a heating elenent and

3a coMdasgreplent ef. meltidg pém@et ence in tenperature between

t he atin | ement and the cooling plate was
meas Eﬁg@ fregtgenning cHBHmO T O%iauoL RerksinBlregr). a sample was

he&EAd GRS C/mibOin@thd GndbmbAR e}%aggé}%l%eggt%lgﬂg g&wﬁﬁ%d as the melting

thernmal resistance was determn
peintiatheoresultsTire shasin in€Bdbds hbhelew( degCcn2/ W = di ff erence
in tenperature (degC) x area (cnR)/electric power (W

4The sults are shown in Table 1. 15 5. Releasability
of SL@QLMQ—Q—IC LEeSISPANEE neasuring the above

ur of thermal res
t her hvit I Lty . Qf anpl .
fr o ep S SRRl e de1B L ELERT AR Mubichen PR B atspine
elemepemdta dodling phwe helifférendeda Rmp&ARes Bitwesh théMBating element and
heat i ng el enent was grasped wi th one hand, Qnd t he

the Sep]il%pls‘qea\y@ pgasured mmst\mq lnad pic6.8tNfemn” hrchan electric power
[ ' [ . t th
A T TR T

equatiomt t he heating el enent could be renpbved was

examined. The evaluation criteria are as follows: o =

t he ”Hg%mahbwéraélﬁ% (egCecan/We =rdiffergaesiinggmpergire (degC) x area
LSl g, = the heating el ement cannot be

(C%&Q/i%gtglg.po%gwgesul ts are shown in Table 1. 25 -14 WO

2004TROASAS RETNIGPROALIOB522 Tabl e 1 Exanpl e
Comp.Ex. 12345678910 11 1 2 Binder
conponent _ (! rtially 20 10 10 50 45 25 - 20
5.30 eReleasabili wice | \

After measuring the above thermal conductivity, the releasability of a sample from

the heating element was examined when the sample temperature recovered to room
‘temperature. The heating element was grasped with one hand, and the cooling plate was
grasped with the other hand. Shear force was applied to the heating element and the
cooling plate with both hands by twisting, and whether or not the heating element could be
removed was examined. The evaluation criteria are as follows: o = the heating element
can be released by light twisting; and x = the heating element cannot be released. The

results are shown in Table 1.
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Partially 20 - 25 polynerized polyner 2 ODA 80 - ODVA

80 90 90 - - 80 VMA-70 50 55 55 55 2-EHA - - 40 45 35
wORWQPO420 20 20 Pol y(CODA) - - - - 40 25 Par aPCrmsSamt/008522
75 Polyisobutylene - - - 25 HDDA 0.2 0.15 Irganox

1076 0.3 0.3 0.3 0.3 0.3 0.3 0.30.30.30.30.30.3 -
LPO 0.25 0.25 0.25 0.25 0. 2%afled5 0.25 0.25 0.25 0. 25

025 025 BRPTC 0 50505050505 0540540.5

0.5 0.5 0.5 - Thermal |y conduBtample conposi ti on Comp.Ex.
(vol ume parfts) B enr— 4040740 4G40
20 40 40 4020 [o %ent %‘)oﬂ' hovaTrolh P dstep 2
BRSO mBbheh 60 60 60 60 60 anount Silicon
(ﬁtaﬁabtsyje 40 |40 40 40 40 40 40 40 40 40 40 40 40
num 2 0 2020 PO 20,2020 20720
26 )
“‘ Yxjde NETTi #3 g? 228 (38 58 42533 36 40| 35 43945
pglimgsl (degC) Thermal 3.98 |[4.238 5.142 4.08 4. 99 4.,54
J IJ. 327374 442 555 AF gt stance—afiter

é egC—ch W égl gasabi |l ity a?% err ojd 0{6 of 0 |~

X

- - - 80 . - . - - . . . -
ODMA 8 (90 [90 |- - |- |- |- |80 |- - - .
VMA-70 . - |- - 50 |55 (55 |55 |- |- - |- .
2-EHA - - - - e - e - T Ta0 Tas 35 -
UP1000 - - |- . - |- {20 |20 |20 |- - |- .
Poly(ODA) - - - - - - - - |- |40 |25 |- -
Paraffin wax - - - - - - - - - - - - 75
Polyisobutylene - - - - - - - - - - - - 25
HDDA - - 02 |- e - |05 |-
Irganox 1076 0.3 (03 |03 (03 (03 (03 |03 |03 |03 (0.3 [03 |03 |-
LPO 0.25 [0.25 [0.25 |0.25 |0.25 [0.25 |0.25 |0.25 |0.25 [0.25 |0.25 [0.25 |-
BPTC 0.5 (05 [05 |05 (05 [0.5 |05 (0.5 (0.5 |05 [0.5 |05
Thermally
conductive
composition

(volume parts)

Binder component | 40 40 |40 40 40 |40 |40 {40 (40 |40 40 |40 40
mentioned above

Total filler 60 60 | 60 60 60 |60 |60 (60 |60 |60 60 |60 60
amount

Silicon carbide 40 40 |40 40 40 ;40 (40 |40 (40 |40 40 (40 40
Aluminum 20 20 |20 20 20 (20 {20 (20 |20 |20 20 |20 20
hydroxide

Melting point 28 32 |29 43 33 (36 [40 (45 (35 |41 41 | - 53
(degC)

Thermal 3.98 14.23 |5.42 |4.08 [4.99 |4.54 (3.26 |3.71 |12.32 |3.74 |4.42 |5.55 |4.43
resistance after

service

(degCrcm®/W)

Releasability after | o o o 0 o o o o o 0 o o X

service
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service -15 WD 2004/ 094529 PCT/ US2004/ 008522 The
results are in the above table wherein ODA is

woeb@Eeeh acrylate, ODVA is octadecyl nethacr pCatus2004/008522
VMA-70 is a mxture of alkyl nethacrylates of 18 to 24
carbons having behenyl nethacrylate with 22 carbons
as t Tae majibs are anyierdove (sbiwhatinddDAGYPctaddpyd detglate) ODMA is

obledigp L Has et JBMASTS isgunik it sl methaP okt io 24 carbons
SRS SO ORS00

(PTGNEOSENIO0. Yushi Go), LtdpI2yEHBA} 2ieshydhexyd horglate dH Y000 is liquid low
r Products), .the

n%%ﬁ#?%veig&%giglgfg‘gﬂé‘g ng{:rg’nt .1{5119 %ﬁ{@?ils%o g@’r) having a molecular weight
ofsgi(mi SARULYSEBE O AstodudiBk TON@OSHECEN Ltd.’% ?éﬂﬂi'(’glaéz\?'[?%

1, 6- hexanedi ol” di acrylate, Irganox 1
pelpiodtadecslacrylgtor(prbdoct atScintific BobunalRrgdubts) Ghe phieéfiy wax has a
LPO is.| r.OXi nd BPTC iis . .
meftegi B 5 B Rky PencIS o holFeslnyeiely ot gHEYHRDA is
1,611 xGiddic} AceAnte] BLaddRA 028 i PUELABRIRAT (St 5f EfbaWpediQity
m _and the alum num hydroxi de had anaverage
Cg%rmcam IePQ jis laussty] pergridanahdBRTE it bhdisét-butglpenky)-Br3oin
AR TtroR S SRS : Bot rlSHR o 70 i an e
alRARTRA ﬁ?ﬁdé&xi*de had a BOUEEL poUeIL REETRD ﬁ&é@ﬁ%ﬁ%ﬁﬁg{ﬂ%m‘ed.

good releasability after 15 servic
handfronh€atil &y oreel day conclddes thawthe steemially nofdueiod ehekisf the present

ing R IR Ay 14 Pt (e e e aion ] Houh eleasability afer
seBABRN00R Mle HHRAMRHd AnE HFPmhIe EORIuciGSiRLER %meﬂ\%itg\%p%n?le 1in

the thernmal conductive sheet in Conparativ

- whigh ahiretylinaglywes confeitingsnactystalier aciylip pnbmer vaslusedwta binder

rel ed aft service. 20,Fxanpl e 2 and : .
c<BophREPU RS e laihe S Eine, ST e Mg Fonductive sheet i
Cenpautid BangRopas whidnsxands fRasH heRRE cOhpHNE ESM not be
properties A thermally conductive conposition
resped Aflsberyise-ai ned by deaerating and 25 kneading the
conponent with a conposition listed in Table 2 bel ow

i Xer s __sandw ched,between two PET |liners
E)%%Slqi(a 4. CopartE HL asi ng agent and subj ected

to cabgaan ¢fiheril@ywBhalicige W8S pbHibRVWRE nAsEreRRAT HiShysical
t he cal endered sheet to ultraviolet [light at an
PIPPRIERSsity of 3 mWcen2 for 5 minutes for ultraviol et

| ' ' . ] : Nduct i t
PovT Aty b8 oIl ok BRI diBeafiSE hna
kn€adipg thetdovpofranitiea SompdsttiOaN@MmabsE Dbelowby aRb@r Fas

was, [ln ci<ed at . : o .
sandwiched between two PET liners coated with a silicone releasing agent and subjected

to calendering. The molding was followed by exposing the calendered sheet to ultraviolet
light at an intensity of 3 mW/cm? for 5 minutes for ultraviolet polymerization to give a
thermally conductive sheet having a thickness of 0.12 mm (Example 12).

In Comparative Example 3, the component shown in Table 2 was mixed at

temperatures of the melting point of the wax (90°C) or higher. The mixture was
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tenperatures of the nelting point of the wax (90C) or

hi gher. The m xture was -16 WO 2004/ 094529 .
wWOCH48E204/ 008522 sandwi ched between two PETPCTS2®E/008522

and subjected to calendaring on a hot coater heated

to 90C to give a thermally conductive sheet having a
smmmmenawwﬂmmw 288 ¥ 6jectB® aScHl HIIBARS o h hot coater heated

hermal resistances and releasability

t"ra% grtos%’é f‘v‘? iSéC%léP?q“@théﬁthamgtaﬁblcm Ofrﬁdﬂémnas

desc

Examy aoy Pt fLE nel B, et i3 Piry fnd releasabiley
afity|sprmicd were cpolegnemt inlthé Game Brakiéy as_dc_soaaed @Bove. | r gacure

651 (ultraviolet polynerization initiator) 0.2 -

Paraffin wax - 75 Polylsobutylene - 25 Thermally
conducti ve conp03|t|on (voI a]@aﬂts) Bi nder conponent
Wsﬁ 85 Boronmnitr+de—315—15 IVCI 4 nﬂmparaﬁve

poi nt (degC) 29 53 Thermal resistan J&
2.28 2.68 Releasability after ser C]g g"l’?(‘g& acupample 3

%;F}(lel(qgrlmg@tt(wf P@rtb)a SpeC| al ty Chern cal) was used as

1 Dnr oh
ad ICIILaLIUH HHat-oF DO
n?%riagjéﬂﬁlg]g‘eﬁke prl agél particle size of % gm | The -
o2-li#¥A conponents are the,sane as in Table 1. 10 From

ethernally
conéuct ive sheet of the present hvent i%n in Exanpl e
1R gsdupe\63l (alttDislétpolyiiiza@s ﬁttﬁf&? and @@od .
el :bﬁh||=+y after servigce. ne other hangd, the

t aerr M Y3* conductive sheet in Corrp arat i ve Exanpl e 3 i7h
vibdlgikobt@plentas USEd as a DI nder conponent_cout dimot—bgg

releasedafter service. 15 The acrylic-based thermal [y
Thsrmalbt ¢ ‘f“&‘é“?fﬁ’ﬁﬁ%@P?ﬁ“%ﬂﬁl Eeplgpart t hef mal |y conducti ve
Binder component mentioned above 85 85
Boron nitride 15 15
Melting point (degC) 29 53
Thermal resistance (degC-cm*/W) 2.28 2.68
Releasability after service o X

Irgacure 651 (product of Ciba-Specialty Chemical) was used as an ultraviolet polymerization

initiator. Boron nitride had an average particle size of 10 Hm. The other components are the same
as in Table 1. ‘

From Table 2, one can conclude that the thermally conductive sheet of the present
invention in Example 12 showed a low thermal resistance and good releasability after
service. On the other hand, the thermally conductive sheet in Comparative Example 3 in
which wax was used as a binder component could not be released after service.

The acrylic-based thermally conductive composition and the thermally conductive
sheet of the present invention show high thermal conductivities during service and
adhesion to bodies with which they are contacted are enhanced, and they exhibit good

releasability after service.
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sheet of the present invention show high thernal
conductivities during service and adhesion to bodies

waoi20d3/00482¢h t hey are contacted are enhanced, aRdTAIS2004/008522

exhibit good releasability after service. -17 WO
2004/ 094529 PCT/ US2004/ 008522 dains 1. An
Chaimgl | c- based thermal |y conductive conposition
conpri sing a binder conponent containing a
crystalline acrylic polymer with an al kyl group of 18
5 ca r I ] Fill
e T R
Ccr ystahponeat emtaihing apoysyatiie fagliapolymiet ivit apailitll gafup of 18
25C or, higher and_ 100C or |lower. 10 3. A conposition
acco?%bﬂﬁ‘Fén@?épﬂ?ih?WmEYCQH%PEY%ﬁQQ%d crystal line
acrylic polynmer 1is a polyner of a (nmeth)acrylate
ester nmononer with an al kyl group of 18 carbons or
2nor eA compésitionposirding o elamod givhereinsaid aiystaBine whigtieipblymer has a
said crystalli ryl.ic poly is, a 15 copol yner
of a™f ﬁ?HEF??gﬁgO%é%E?”Wﬂﬁgﬁ%F°&k¥ Tan al kyl group
of 18 carbons or nore and a noncrystalline acrylic
nmonomer. 5. A conposition according to any one of
3¢l ai Aomppsitian aggeedisg to elaind 1ot Adwhereosmpbergstalling aerylic polymer

nmo)égﬂ%;?&oﬁr{l%rﬂo ac(%ah%,rl a egesg%r b Igr:nerrJ gvlii %%rall?yngréurbeof 18 carbons
acrybiofeased thermally conductive sheet obtained by

form ng a conposition according to any one of clains
l1to5into a sheet. -18

4. A composition according to claim 3, wherein said crystalline acrylic polymer is a
copolymer of a (meth)acrylate ester monomer with an alkyl group of 18 carbons or

more and a noncrystalline acrylic monomer.
5. A composition according to any one of claims 1 to 4, wherein said binder
component is a mixture of the crystalline acrylic polymer and the noncrystallirie

acrylic polymer.

6. An acrylic-based thermally conductive sheet obtained by forming a composition

according to any one of claims 1 to 5 into a sheet.
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