1 SPECIFICATION EXOERGIC FILLER COMPOSITION, RESIN COMPOSITION, EXOERGIC
GREASE AND EXOERGIC COATING COMPOSITION TECHNICAL FIELD 10001] The present
disclosure relates to an exoergic filler composition, a resin composition, an exoergic grease and an 10
exoergic coating composition. BACKGROUND OF THE DISCLOSURE 10002] An exoergic resin
composition, an exoergic grease, and 15 an exoeraic coating composition are used for electrical
products which are required to inhibit built-up heat. These are obtained by mixing an inorganic particle
having high heat-conductivity asan exoergic filerwithreginsgils and soon. It has been investiaated
that the exoergic filler which 20 is used for such purpose is converted to a highly heat-conductive
composition for high exoergic property. 100031 As the exoergic filler, various nigh heat-conductive
fillers such as it Hordit nitfide, H1OGF0EI6T 2Rk oxite; ald rrEgHesitm Bkide afe-kitohm (PATENT
DOCUMENTS dramrk2). Recepity;mromthan forinareasing dise filting rate of the exoergic material in a
composition by combining various particles having different particle diameter is performed (PATENT
DOCUMENTS 3 AND 4). §O[EQOO4LAS mentioned aboveis known to increase the exoergic property by
combining two 6Fmi8ie kitds of 1

onFparticIes having different particle diameter. There is no attempt to
increase the exdgrgicidroperty by combining some particles having 35gbe DO2.101 snabe. [0005] On

the other hand, a needlesshaped.zine oxide-haying needie-shape:is known(RATENT DOCLIMENT 5).

There is no attempt to use, the zinc oxide in combinatign with other exoergic fillers. [PRIOP PATENT
DOCUMENT] ComposSitlon, a resin composlclion, an exXoerdllc grease arl an

10 exoergic coating composition.

BACKGROUND OF THE DISCLOSURE
[0002]
An exoergic resin composition, an excergic grease, and
15  an exoergic coating composition are used for electrical
products which are required to inhibit bulilt-up heat. These
are obtained by mixing an inocrganic particle having high
heat-conductivity as an exoergic filler with resins, cils and
soon. It hasbeen investigated that the excergic filler which
20 is used for such purpcese 1s converted to a highly
heat-conductive composition for high excergic property.
{o003]
As the excergic filler, various high heat-conductive

fillers such as alumina, boron nitrids, sluminum nitr ide, Z1ino

2
Lhn

oxide, and magnesium oxide are known (PATENT DOCUMENTS 1 and

2). Recently, amethod for increasing the £111ing rate of the
exoergic material in a composition by combining various
particles having different particle diameter is performed
(PATENT DOCUMENTS 3 AND 4.

30 [oo04]

Is mentioned above, it is known to increase the exoergic
property by combining two or more kinds of particles having
different particls diameter. There is no attempt to increase
the excoergic property by combining some particles having

35 uniguos parilT.g Shaps

[0005]
On the other hand, a needle-shaped zinc oxide having



[PATENT DOCUMENT] [0006] [PATENT DOCUMENT 1] Japanese Kokai Publication Heill-246885
[PATENT DOCUMENT 2] Japanese Kokai Publication 2005-330426 [PATENT DOCUMENT 3]
Japanese Kokai Publication 2002-201483 10[PATENT DOCUMENT 4] Japanese Kokai Publication
2007-70492 [PATENT DOCUMENT 5] Japanese Kokai Publication 2008-94695 DISCLOSURE OF
INVENTION OBJECT OF THE DISCLOSURE 15[000v] According to the above mentioned state
of the art, the object of the present disclosure is to obtain an exoergic filler composition which is able to

exzrt superior exoesgis Bf@g%tﬁ,@ﬁgéﬁ]ﬁtﬁMM@WQmiwm@qmmg@@ a%&@@%@@l@% grease,
and an exoergic coating composition which hayving superior exoergic_property, respectively, by using
the above-mentioncd exobrgic i compbsition. FROBLEMTO BE SOLVED BY THE VENTION
25[0008] Thélprégeént disclosure relates to an exoerg c filler composition containing | to 50 volume

% of a needle-sljaped zingoxiderhavingamaverage long diameter of 0.1 to 10 um, an average short

diameter of 0.02 pm, aspe io 30 defined by (average long diameter)/(average short
diameter) of 4 o r%r?%lr%e‘“%hgbsp\émﬂg&sﬁﬁface area. c: or mor less, and 50 to 99 volume % of other

exoergic filler. [OU@)@?Q The other exoergic filler is preferably at least one selected from the group
consisting of zin¢ mxidey alboume;and njagoesismeexideskai Publication Heill-246885

[PATENT DOCUMENT 2] Japanese Kokai Publication 2005-330426
[PATENT DOCUMENT 3] Japanese Kokai Publication 2002-201483
10 [PATENT DOCUMENT 4] Japanese Kokai Publication 2007-70492
[PATENT DOCUMENT 5] Japanese Kokai Publication 2008-94695

LDISCLCSURE CF INVENTION
OBJECT OF THE DISCLOSURE
15 [o0007]

Acoording to the above mentioned state of the art, the
chiect of the present disclosure is to cobtain an exoergic
filler composition which is able to exert superior excergic
property, and to obtain an excerglic resin composition, an

20 exoerglc grease, and an exoerglic coating composition which
having superior exoerglic property, respectively, by using the

above-menticned exocergic filler composition.

PROBRLEM TO RE SOLVED RY THE TNVENTION
[oo08])

The present disclosure relates to an exoergic fillex
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composition containing 1 to 50 volume % of a needle-shaped
zinc oxide having an average long diameter of 0.1 to 10 um,
an average shor:i diameter of 0.02Z5 to 2.5 um, aspect ratio

30 defined by {average long diameter)/(average short diameter)

of 4 or more and spefiilo suriacse Ares 3000YCiNng Lo BDT method

C 5D m /o o Ltezs, and 50 to 99 velume % of other exocergic
filler.
[co09]

33 The other excergic filler is preferably at least one

selected from the group consisting of zinc oxide, alumina,
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3 The present disclosure relates to a resin composition comprising the exoergic filler composition.
The present disclosure relates to an exoerg ¢ grease comprising the exoergic filler composition.

The present disclosure relates to an exoergic coating composition comprising the exoergic filler
composition. EFFECT OF THE INVENTION [0010] 10The exoergic filler composition of the present
disclosure has a remarkable excellent.. exoergic propert7 b ussn.ct grease comTD having an
ezoergic resin. compociand. an excel, operty, resL)e 15 DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS [0011}re phhespresent disclosure is-describeddn more-detailheipwsThe present
inventors have now colrgglgte(“pee %resgnt 21(3: d@ptqs&e (% usgmgizjg%gxide having needle shape as a
part of an exoergic fifler cor%posmon.xﬂm%@fs, the exaeraic filler composition having high exoergic
property can be obtainéd! by Risfitficedie-shapéd ¥tc Gide having medfesifape-in ¢orfibifation with
other exoergic patticlesdorincrease 9xheat-conductivty of the cemposition as a whole. [00121

T e ananed 2ng e beba an essantEl pornonenin e sxeargicdilp: comppeiliop of the

present disclosure has an average long diameter of 0.1 to 10 um, an 30 average short diameter of
0.025 to 2.5pmSaAaSHettEto defiRed By (EveiageIBAG BramettHiavérade shott-diafiieter) of 4 or

more, and specific HL,ElImmett -1=-,ss.Such nee
EFFECT OF THE INVENTION
[co10]

10 The exoergic filler composition oI the presen
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
loo11}

The present disclosure is described inmore detall below.

The present inventors have now completed the present

20 disclosure by using zinc oxide having needle shape as a part
of an excerglc filler compesition. That is, the exoergic
filler composition having high excergic property can be
obtained by using needle-shaped zinc oxide having needle shape

in combination with other excergic particles to increase

3]
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heat-conductivity of the compeosition as a whole.
[coiz]

The needle-shaped zinc oxide being an essential
compeonent in the exoergic filler composition of the present
disclosure has an average long diameter of 0.1 to 10 um, an

30 average short diameter of 0.025 to 2.bum, an aspect ratio

defined by (average long diameter)/(average short diameter)
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is 01-07- orer Li-Je space [0013] The needle-shaped zinc oxide preferably has an average long
diameter of 0.15 to 5 um. The needle-shaped zinc oxide preferably has an average short diameter of
0.035to 1.25 um. 10 The needle-shaped zinc oxide preferably has an aspect ratio of 4 to 20. The
needle-shaped zinc oxide preferably has soeci 10014] When the needle-shaped zinc oxide has larger
particle 15 diameter out of the mentioned range, it is not preferred because the zinc oxide is difficult to
enter the space between other particles and the effect of increasing the exoergic property is
decreased. When the needlesshaped,zinc-oxide has the aspegtsatio-dess.than4,the sffect of
increasing the 20 exoerglcproperty derived from the needle shape cannot he obtained because its
shape cannot be"said to be suff|C|entIy needle shapecF Furthermore, Wwhen thé SET I0015] ‘A'method
for producing the:needleshaped zinc:6xide is' notpartictiany Féstrictet; forexanplé -thezifc oxide
can 30 be produeed by a-methed comprising adding at the-same time.and-reacting zine-salt:aqueous
solution and alkali aqueous solution under ultxasoniciroadiatX .More specifically, for example, the zinc
oxide can be produced by adding 300 MIt of water at 55 C into 3L reaction tank and adding zinc salt
aqueous 35 solubi®h 13500 miz (1.48 mol on zinc basis) and alkali aqueous solution 750 mL (2.07mol
on hydroxide ion basis)atdthesgaime tintesfor 2 minutes:under suficierd stitring witnulrasoam: 5
iradiation at fr yyency;20kHz using-ulirasenic.jreadiator (b$:60QT manufactyred by NIRRONSEIKI

CO.,LTD.) to generate a preC|p|tate .
preferably has an average short diameter of 0.03% to 1.25 um.

ot

10  The neesdle-shaped zinc oxide preferably has an aspect ratio

n

of 4 to 20. The needle-shaped zinc oxide preferably ha
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[oo14]

When the needle-shaped zinc oxide has larger particle

SpeCiI LD BUXrIacs

15 diameter out of the mentioned range, 1t is not preferred

because the zing oxide is difficult to enter the space between
other particles and the effect of increasing the exoergic
roperty is decreased. When the needle-shaped zinc cxide has

the aspect ratio less than 4, the effect of increasing the

} 4
<
{
9]
Fh
3
O
=

20 exoergic property deri

5 the neesdle shape cannot be
obtained because i1ts shape cannot be said to be sufficiently
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Furthermore,
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{0015]

A method for producing the needle-shaped zinc oxide is

not particularly restricted, Zor example, the zlnc oxlide can
30 be produced by a method comprising adding at the same time
and reacting zinc salt agueous solution and alkali aqueous
soluticonunder ultrasonic irradiation. More specifically, for
example, the zinc oxide can be produced by adding 300 mL of
water at 55 °C into 3L reaction tank and adding zinc salt agueous
35 solution 1500 mi (1.48 mol on zlinc basis) and alkali agqueous
solution 750 mL (2.07mol on hvdroxicse ion basis)] at the same

time for 2 minutes under sufficient stirring with ultrasonic



[0016] The zinc salt used for producing the needle-shaped zinc oxide is not particularly restricted
on condition that it is water-soluble, preferably inorganic acid salts such as al ice li car el 1sed as an
agjaeous -,LE moil:, 100171 The The needle-shaped zinc oxide can be obtained by adding
thezincsaltaqueous solutionandthealkaliaqueous solution 20 at the same time to a reaction tank while
maintaining the mol ratio of hydroxide ion/zinc ion within the range of 1.30 to 1.85 and the pH of the
obtained mixture within the range of 6.0 to 8.0, preferably in the range of 6.5 to 7.5, at the reaction

Lemr:]erature Ofﬁ?&a&@%@ﬁﬁreie;ra?b’é%ﬁ;%%%.c%%Mpr@é};)ﬁ@if iGaly; far-exam ﬁerDth%e if a
atch system, the ne f!h-s aped zinc oxide can.k A %(y qring water in the reaction tan
iliad000.cecuid %d%]in%g_eferrzﬂ%%usga "atqﬁre%usb%rllkjﬁ%r}?agédtag%a *aﬁ}é’queg@ é&ll?%i%ngier}lntﬁéa -©
predetermined B0BifiAgte ¥irD€the zinc salt aqueous solution and the alkali aqueous solution andtact
con:fin:L=5 syst¢m;the jaddin of the zinc salt aqueous solution and the alkali aqueous solution to the

reaction tapk at the same time can be p%r@%gﬁj@g)’ fgg%\g(i%gé%%?ﬁmge%de@EgﬂﬂfgeJPQJ;%'”

general, a reaction of the zinc salt an.a“thié alk roceeds rapidly to substantial completion. To mdl
produce the intEFdétF neddie sisped Fine dXite &fc et ToM1 17 PlocsaIbSE ISt or afc2 71I1E
rcstre ,papieo oater-scluble, prefabidicp hnbrganic acid salts such as
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The needle-shaped zinc oxide can be cbtained by adding

the zinc salt agueous solution and the alkall agquecus solution

20 at the same time to a reaction tank while maintaining the mol
ratic of hydroxide ion/zinc ion within the range of 1.30 to
1.85 and the pH of the cbtained mixture within the range of

6.0 to 8.0, preferably in the range of 6.5 to 7.5, at the

reaction temperature of 55°C or less, preferably 35 to 55°C.
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o

More specifically, for example, in the case of a batch system,
the needle-shaped zinc oxide can be cbtained by storing water
in the reaction tank inadvance anc adding the zinc salt agueous

solution and the alkali agueous solution in the predetermined
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30 stirring to miw The zinc salt aqueous solution and the alkalil
agueous solution and contact them with each othsr. Irn ns
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soding of the zinc salt aguecus
solution and the alkall agueous scolution to the reaction tank
at the same time can be performed by following the same

35 procedure.
[co18]

In general, & reaction of the zinc salt and the alkalil



[0019] When the zinc salt aqueous solution and the alkali 15 aqueous solution are added to the
reaction tank at the same time in the production of the needle-shaped zinc oxide, the mol ratio of
hydroxide ion/zinc ion is preferably 1.30 to 1.85. The mol ratio is less than 1.30, productivity is
decreased because reafl zibbo ' the :TICS rapt IS 20Ppeed_bt-spappbb pther hand, - of the
neeope-snabea btmo  hydroxide ion/zinc ion is overgl.85 when the zinc salt aqueous solution and
the alkali aqueous solution are added 15 to the reaction tank at the same time, the needle-shaped zinc
oxide may be ngt gbtaingd 100261 y « In-the-radustion ek theineedie-shaped zing oxide; if the pH of
the obtained mixgggd% gv%RS.Oﬁ ngrrl1 érgé%zing 655#163_03% ueous sjprllution %rgid the.alkali agueous solution
are added to th%freactlon tan?( atthe same ime, the zin¢ oxide having the ihtended average long
diameter, average=shoit dianiéter, 'and spéttfib surfacedrea 1RSaV Tiot 010 obbaited®because, ode
obtained needle-shaped a-.0;5:ends 35[6021] r=dndhe productien of the needle-shaped-=zinc oxide,
if the reaction temperature is ovet 55 C.. . when the zinc salt 7 aqueous solution and the alkali
aqueous solution are added to the reaction tank at the same time, the needle-shaped zinc oxide
having the intendéd- average long digméter, average short diameter, and-3necific stirface area may act
chaAne,i 5because-needle=shaped ehr: airmed zinctends Lc:blzé, {0022] The-exoergicfiller:
composition of the present disclosure.contains-1.to 50 yolume.%.of:the abhove-mentioned 10-

needle-shaped zinc oxide. That is, the exoergic filler composition of the present disclosure contains
the above-mentioned heedfe-shaped zinc oxide and other exvergic fillers. As mentioned above, the
needle-shHpedzinc oxide has afunction to increasesthe exoerdic: propettyespecially when'[5 used in
combination with-other.exqergic-materials. Itthe-content of the needle-shaped.zing oxideis less than 1
volume %, there is a problem that the improvement in exoergic Ap([gper"ty derived from its shape is not
sufficiently achiéFé’d’ JIf ]fh‘écdﬁtéﬁt“i*s“b’vef'%o volume %, there is a problem that the

0019

When the zinc salt agueous scolution and the aikall

15  agueous solution are added to the reaction tank at the same
time in the production of the needle-shaped zinc oxide, the

e

mol ratioc of hydroxide ion/zinc ion is preferably 1.3Cto 1.8

e

The mol ratio is less than 1.20,
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20 5,
oxide e t
2% hydroxide ion/zinc ion is cover 1.85 when the zinc salt
agqueous sglution and the alkali agueocus scolution are added
25 to the reaction tank at the same time, The needle-shaped zinc

oxide may be not obtalined.
[0020]
In the production of the needle-shaped zinc oxide, if
the pH of the obtained mixture is over £.0 when the zinc salt
30 agueous solution and the alkali aguecus sclution are added
to the reaction tank at the same Time, the zinc oxide having

the intencded average long diameter, average short diameter,

35 [oo21]
In the producticon of the needle-shaped zinc oxide, if

the reaction temperature 1s over 55 “C when the zinc salt



20 improvement in exoergic property cannot be expected according to the addition amount because
the needle-shaped zinc oxide reaches a satu'raTlion DcHnt. More preferably, 8 such as alumina,
aluminum nitride, boron nitride, zinc oxide, and magnesium oxide are extremely preferred to be used.
When the needle-shaped zinc oxide is used in combination with other exoergic fillers, the other
exoergic filler is not limited 5 to one kind, but contains-the same kind of substances having different
particle size, or different two or more kinds of substances having different particle size. [0025] When
two kinds of exgefaicfillers are used in A9 combinatian as the.athek exeergic filers -2 campogition
obtained by mixing,a mixed ez(oeggi% fiII%r a{ldttge ne%dleés.hage%ﬁincnoxi (iin_thgavoela%mzeiratio of 5:5
to 99:1 may be Use ,%Vﬁéaraanth% mixed e@oerglg fiifer is oblaire b?/ SEl6¢ meg an e?oerglclﬁﬁer (@)
having primary paktitte B diath et determine R tieom daBudi g ATeticd usiig iM&ges taken by the
Electron Microsgope4thoto Insteument-assmentioned laters ot 1 to.d5 pm-and-an-exoergigfiller (b) of
0.05 to 4 pm" sp that the particle diameterratig (@)l(b)) s remained within the range of 4.(a) / (b) 20,
and mixing so that 20 the volume ratio ((aﬂ%) Is remained within'the range of 5:5to 9:1. In the case
that such proportion is selected, the effect of the present disclosure can be extremely suitably
obtained. The sHaperoflthe other exoergic filler is not particularly restricted, but contains spherical
15snaps, cube snaoe, tay, statg +.[0926] Fhe exoergic filler composition.of the present disclosure is

usually used in the fields such as exoergic resin 30 compositions, exoergic greases and exoergic

coating compositisis: RAMFpablitetions concBrming Suchapphicitions &ré KRdwn Re eXderdic filler
compositioh of thecpresentdiseldsurens useddr suchtiaowhnsapplicatiens as exoergic. resin
compositions, exgerHe greasesand-exoergics3s goating-compasitions, dhe-exoergic resin
composition, exgergic grease. and gxggl%%j‘q ggg%rggocgﬁngpgigogxargmone spect of the present
disclosure, respepﬁvgly. %“[66%’?]@ , e‘exoerglc?i er éolmposftlo“ﬁ 6t the present éﬁsclo%ure can be
used as a resin’comipusition OBtERIEE IS iKWt & Fesine SteR TESIADMPpoSIficH s The aBpect of
the present disclosufes H1 #his casen Hie:kesin may be@:-thermoplastis resincena thermogetting: resin
and includes enexyfesips Ahenol fesins, palypheryene sulie teoins (s polyestetresins.
polyamides, tpolyimides, polystyrenes folyethylenes, polypropylenes, p(.jﬂyvmy

dontent of the need e-shaped zincoxide is lessthan 1 volume 3,

there is a problem that the improvement in exocergic property

derived from its shape is not sufficiently achieved. If the

content i1s over 50 velume %, there 1s a problem that the

20 improvement in excerglic property cannot be expected according

to the addition amount because the needle-shaped zinc oxide

)
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30 .
citanium oxide, and aluminum oxids, aluminum nitride, boron
nitride, silicon carbide, silicon nitrige, titanium nitride,

metallic silicon, and diamond. As the other exoergic filler,
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10 chlorides, polyvinylidene chlorides, fluorine resins, polymethyl methacrylate, ethylene/ethyl acrylate
copolymer resin (SEA), polycarbonates, polyurethanes, polyacetals, polyphenyiene ethers, polyether
imides, acrylic nitrile-butadiene-styrene copolymer resin (ABS), liquid 15 crystal resins (LOP), silicone
resins, acrylic resins and other resins. [0028] The resin composition of the present disclosure may
be a resin composition for thermal molding obtained by kneading 20 a thermoplastic resin and the
exoergic filler composition in melting condition: a resin composition obtained by kneading a
thermosetting resinand the .exoergicilen campositian tpdowing thermesettng: ok atherresi,
composition. [OO}%Q o I;I’Qe.addition mount of %he exaergic fiIIjEergomCP%sitik())n in th%f res%lncomposition
of the present discloStre can be zﬁ)r%i]traeriI@“fet%%mﬁ]%raeac%o%i%g% the intended %(eer Ormance of the
resin compositish suthras tefmaPeenduttvity, s dres$&9d 5o el sriet &9 expkéss Bie éxoergic
property 30 of the @xegrgic filler.compositien suficiently -theaddition ameuntis-referablyta:to 90
volume S r?'a“&%t%}!‘ee Q%'QS,O'EOL]@%B%% {he resin C@@P&%%’E%E%e éﬁ%?&ﬁ!@%‘ﬂ%t ?gfh%e
adjusted according to the needed level of exoergic property. For the application requ[rea etter
expergic 35 propetty Sthe additidrambunt ?szﬁloréﬁréffédﬁ/r%%ﬁa‘ﬁ?e 9% o MiFe fdntFstilProre
preferably 50 velume:-%raremore: 100:30]3 16 £ e rdnthe sesin campeosttion of the present disclosure, the
resin component(r@@é(g)fe selected in accordance to the use. For example, when the resin composition
is placed between the heat source and the exoergic plate to make them stick together, resins having
high adhesion property ‘Aha oW Hardnés¥ sach &5 SHE6ne resins &rd aéryfic ¥8&ifis thn be selected.
[0031] Whercthelresinicompasitios: obtheegresanedisclosurelis arresiracompositiont forithermal
molding, the resip 49:Gompesition may-be, prodused by the methed comprising meglt-kneading a
thermoplastic resin and the exoergic filler composition using a double-screw extruder, for example, to
pelletize the resit SompoSHioR Anchthen, Foldg 1o the deCiad Shabs by thé-arbirarh élding method
such as 15 injeétion mdIdiFG dndsosete J0032]e MiWgfendle asincoripositionisf thi résént
disclosure is theyresin tempositioitobtained;by kneading athermosetting-resin:and the-exeergic filler
compositiqq follgwing. 20 thermasefting, its preferably, molded by pressire molding. - 1. g

taken by the Electron Microscope Photo Instrument as mentioned
later, cof 1 to 15 um and an excergic filler (b)) of 0.05 to
4 um, , so that the particle diameter ratio {((a)/ (b)) is
remained within the range of 4= {a)/(b) =20, andmixing so that
20 the volume ratio ({a):(b)) is remained within the range of
5:5to 9:1. In the case that such proportion iz selected, the
effect of the present disclosure can be extremely sultably
obtained. The shape of the other excergic filler is not

particularly restricted, but contains spherical shaps, grain
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The excergic filler composition of the present
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disclosure is usually used in the fields such as exoergic resin
30 compecsitions, exoergic greases and exoergic coating
compesiticns. Many publications concerning such
applications are known, the excercgic filler compesition of
the present disclosure is used in such known applications as

excerglc resin compesitions, exoergic greases and exoergic

Led
i

coating compositicns. The exoergic resin composition,
exoergic grease and exoergic coating composition are one

aspect of the present disclosure, respectively.



Such method for producing the resin composition is not particularly limited, but includes the method
comprising molding the resin composition by transfer molding. [0033] The applications of the resin
composition of the present disclosure include exoergic parts of electronic components,
thermal-conductive bulking agents, and insulating bulking agents for temperature measurement. For
example, the resin composition of the present disclosyre can be used in order 30 to transfer the heat
from the exothermic electronic components, such as a MPU, power transistor, transformer to the
exoergic compopents;quch as expergic fins and expergic fans, and can be placed between the

exothermic electronic compone &g@% e&gi%q:cgmgggqt@iggis&ill@ng d_heat transfer

between the exothermic electronic components and the exoergic components and will provide for a
decrease in malLREEOT BF the“dXothérmvie Wle@forfic E6MpBnEERGSa o et 3l Eefthie¥more, the
resin compositian:of thepreseat disslasure cantbe saitablycrsedsfor connécting @ heatguipecand a heat
sink, or connecting a module.ingarporated jato varjous.exothermic bodies,and a heat sipk. [0034]
The exoergic filler compaosition may be used as an exoergic grease obtained b ?mixirlglvygh a base oll
which contains &RMETRIGIFGrE syfithetic Ofl. ThisEXbBIGIE gledd? is Dhe aspect of the présent
disclosure. 10[@Q85}y rFhéradditidreamountsfithe exoergicfikercomsosition ithe Expergic grease
of the present disglasurednay, be-determined accerding foithe intended degree: of thermal conductivity.
In order to express thq exoergic progg—:-rtgt% 115 th exoergic filLeOr com&osétion %liffi%ientl , the addition
amount of the &%éY&c¥iﬁ8F césrhpgslﬁgn is Egre?éré%[y 1610’60 Votime %% r’elgtlveytojtﬁ total amount of
the exoerdit grédsen Theeadditon dmotnt dfibe adjdsted decording fortheheetedével of exoerdic
property. For theapplisatign 204equired; betier, exasrgicpreperty, the adeition:amouptis ymere
preferably 30 volumg, % arzmore. a0 silljpore preferably, 30 volume .0 MR, L), - As the

S

base oil, one or more kin pf oil materials selecte from the group consisting of mineral oils, synthesis
oils, silicone oil& FhiGrinatsth/dfo&irbERGilsandthefike Tan e sed: Thesyntriesis oil is preferably a
hydrocarbon oiln Asithe sybthesisiail; thereymaylke memtioned a-otefins; digstérs, polyalesters,

trimellitic gsters,. polyphenyl 30 ethers, aikylpheny] ethers and so0n. {0037); ~ rEhe gxoergic grease

of the present di§c osure may contain a surfactant according to need. The surfactant is preferably a
nonionic surfacRnt By 48dingThe nonionic 35 surfactant, thermal conductivity can be improved and
consistency of thEcéxug)gic grease can be controlled moderately. 12

The resin composition of the present disclcesure may be
a resin composition for thermal molding obtained by kneading
20 & thermoplastic resin and the excergic filler composition in
melting condition: a resin composition cbtained by kneading
& thermosetting resin and the exocergic filler composition
following thermesetting: or other resin composition.
foo29]

The addition amount of the exoergic filler composition

b3
i

in the resin composition of the present disclosure can be
arbitrarily determined according to the intended performance
of the resin compeosition such as thermal conductivity,
hardness and so on. In order Lo express the exoerglic property
30 of the exoergic filler composition sufficiently, the addition
amount is preferably 5 to 90 volume % relative to the total
solid matter of the resin composition. The addition amount
can be adijusted according to the needed level of exoergic
property. For the application required better exoerglc

(s}

35 property, the addition amount is more preferably 30 voiume %

o

or more, and still more preferably 530 volume % or more.

[oo30]



[0038] As the nonionic surfactant, there may be mentioned polyoxyethylene alkyl ethers,
polyoxyethylene alkyl phenyl ethers, polyoxyethylene alkyl naphthylene ethers, polyoxyethylene castor
oil, polyoxyethylene hydrogenated castor oil, polyoxyethylene alkylamides,
polyoxyethylenepolyoxypropylene glycols, polyoxyethyiene-polyoxypropylene glycol ethylene
diamines, decaglycerin fatty acid esters, polyoxyethylene fatty acid monoesters, polyoxyethylene fatty
10 acid diesters, polyoxyethylene propylene glycol fatty acid esters, polyoxyethylene sorbitan fatty acid
monoesters, polyoxyethylene-seehitan fattyracid triesters; efhylene-glyeal tattydcidmonpesters,
diethylene glycol fa%tl){ gud mo%%ecs%g%ogreog%lfgg@éy%ﬂr{g%}é @&qi@ggge%eﬁglxg%r!n 15 fatty acid

monoesters peﬁ?aserythrﬁrgP%rtlty aci noesters , sorbitan fatty acid monoesters, sorbitan fatty acid

sesquiesters, aPEPSBtbran TRy adic tHESthPsC N30T The Shdct SradtityIRE HioRionic Sifactant
depends 20 ongthe kird ehtheterxoesgicdiler, additioncamountz and HisBwdiclhcis thegernmshowing the

balance b%twe%Qzﬂ@ﬂthcﬁxgnﬁi" pophilicity. (hydrophileslipophile balance) -Ligyidssurfactants with

HLB of not more than 9 are preferred because good consistency is obtained a(t#[oom, temperature, in

the 25 practiceF tiie presUnt distfostire. Alfofics(mfactants: Cafiofid surfactants arid ampholytic

surfactants may{ueoasdd in the application such as highly exoergic grease where the decrease of

electrical insulation ang;glestriGal resistanceafe not emphasized»30[9040kn+ dheexeergie grease
of the present Qiéclgsw‘g can be Erodu_cgd bry rjr:fgxlngEh@@r%%oyemrg?gt:{%ned %%rgp%gents using a mixing
apparatus suchas 3 dow frixer{ ﬁéDan“e“r},ogate mixer, planetary mixer drd so'on. 3‘3‘@)41] The

expergic dfease o present distlosareraybedppliedtd theekshrfriBodyEer e exoergic body.
As the 13 exothenmicihogyqthesenay benmentenead; foeexample; exathermie etectronic cemponents

such as generacI: &Igcgécﬂ source; power trggggf[%rjgEgee‘gtriegg.l&%gg,f pQwer @QQMJ& g)erggstor,

therm couple, tem e rature sensor and other 5 electronic apparatus: integrated circuit element such as
LSl and CPU. A@ﬁe&o@g%%dy?ﬁ‘@e FEPBE hiertion8l fof BRAmpRe €5%oRryi¢ Bompdnents such
as heat spreadeg; heatsinkhheat pipe,tand exaergicaplatend hd applicatidnocansbeipegdormed by the

screen pripg mem%% Jihe screen @ﬂ%nﬁ@p@ 10 maybe performed using metal mask or screen mesh.
By applying the 3%%%)5 ition of the présent disclosure between the exothermic body and the exoergic
t

body, it is able t elyremoveheat from the exothermic body because heat transfer from the
exothermic body to the @xeerdit: body 5115 performed efficiently: [0042] € s e Thedexpergie fillér can be

used as a coating conappsition ebtained:by dispersingthe filler in aJesinsalutioarerdispersion liquid.
This exoergic coatin comgo ition is one 20 aspeg:&gf thg éaresen.t disclosggﬂ.llg this case, the resin

contained in the E5mposition may 5& A hardenabla one or a non-hardenable one. The resin may

include thélexempiifiad Fasifis- whichiGan beruseEindthe Yesin komtp6sition Rfctitiohedcalsoves The
coating compositigrhmayhe-a selvenplypeoiteng the resin composition is not
particularly limited, but includes the method comprising
molding the resin composition by transfer molding.
[0033]

25 The applications of the resin compesition of the present
disclosure include exocergic parts of electronic components,
thermal-conductive bulking agents, and insulating bulking
agents for temperature measurement. For example, the resin
composition of the present disclosure can be used in order

30 totransier the heat from The excthermic electronic components,
such as a MPU, power transistor, transformer to the excergic
components such as excergic fins and excergic fans, and can
be placed between the exothermic electronic components and
excergic components. This will allow good heat transfer

35 between the exothermic electronic components and the excergic
components and will provide for a decrease in malfunction of

the exothermic electronic compeonents for a long term.



25 containing organic solvents or an aqueous type one containing a resin dissolved or dispersed in
water. [0043] The method for producing the coating composition is not particularly restricted but
the coating composition can be 30 produced by mixing and dispersing the necessary materials and
solvents using a disper or beads mill. [0044] The addition amount of exoergic filler composition in the
exoergic coating composition of the present disclosung 35 may be decided according to the intended
degree of thermal conductivity. In order to express the exoergic property of the exoergic filler
composition suffigiently:the addition Jddsamounhispreferably-¥0 40 9 velumerY%italativestorthe total
amount of the coating.campesiian, Tie.addiion amaunt can be pdidsted acgarding tq, tegeded
level of exoergic property. For the"application required better exoergic property, the 5 addition amount
is more preferably*30 VOIUIME Y BFMotE, and'stillriore PrefeRBRASE Yollitie % 6 mdre. [Example]
[0045] Heretmafternthe present disclosure vel bedeseribed 10 in more detail by way of
examples,abut tt'(eoggeqs nt disclosure is not limited to these examples. [0046] Hereinafter, the
measurin methods of the long diameter, the short diameter and the aspect ratio are described in more
15detail below. (Measurig méftobofiong dishieter "SHomt didmetdl*and Sspeditafis) &
Photographs ofeachzincoxide sampié Wete takervatfivelocatiohs ‘bycushgarniel . Bs-trims
11H-vts-t71 20(SEM=100SX% manufacitred: by JEOL Lid;):at, 80900 magnificatisto-obtainfive
photographs WitQ image parts of 12 cm narrow gig% andmlsﬁ(?éSn cm Jon J;I;(ijdseulvn each photograph, one
line was drawngp*aefgﬁe“l to the narrbw'side from the middte point 0 the ong side, another line parallel to
the long sidle frob® tiebthiddle point of the narrow side. Two diagonal lines

The additiocn amount of the excergic £iller compesition
in the exocergic grease of the present disclesure may be
determined according to the intended degree of thermal
conductivity. In order to express thne excergic property of

15 the exoergic filler composition sufficiently, the addition
amount of the exoergic filler composition is preferably 10
to 9C volume % relative to the total amount of the exocergic
grease. The addition amount can be adjusted according to the
needed level of exoergic property. For the application

20 reguired betiser excergic property, the addition amount ismore
preferably 30 volume % or more, and still more preferably 50
voiume % or more.

[003¢]

As the base oll, one or more kinds of ¢il materials

)
L

selected from the group consisting of mineral cils, synthesis
oils, silicone olls, fiucrinated hydrocarbon cils and the 1ike
can be used. The synthesis o0il is preferably a nydrocarbon
oil. As the synthesis oil, there may be mentioned c~oleiins,
diesters, polyol esters, trimellitic esters, polyphenyl
30 ethers, alkylphenvl esthers and so on.

[0037]

The exoergic grease of the present disclosure may
contain a surfactant according to need. The surfactant is
preferably a nonionic surfactant. By adding the nonionilc

33 surfactant, thermal conductivity can be improved and
consistency of the exoergilic grease can be controlled

moderately.



were drawn, and short diameter and long diameter of the particle overlapped with these four lines were
measured by using vernier caliper. When various lines were overlapping at the area of the same
particle, the measurement was not 30 performed, redundant_chotograchs, 10C: t,t les were measured
and the averanes. on roe measured iameter anG lon a Oerflare:, respewere orrrnrne: as Lne
averaget-t citeter ano diameter:CHI he sdT 35meter lt/ the av aspect ratio ification ratio- pm WEIS 1
15 measurement val values welimi diame:er ili man=actured [0047] 10(Measuring method of particle
diameter of zinc pxide; qrticles used in Comparative Examples) As for the zinc oxide particle used
in Comparative Examp}gé tp:% primary ar.t|cIeSd|ag1et§r thereaf was determglgq Iﬁéonrg lSOEM.

photographs by the following methiod: h%%ogr%ﬁﬁg %fig%ac %?nrceoﬁa‘é’ particle were ?éi(den at five

locations by usiRSEatifiiRg ElettimMiciescopee@sM 820 Fomantfachied GAJEOLRE) &t
50000-fold magnification towbainfiverphptegraphs withnimegerpartsref emdrasrow side and 12 cm

long side- In eagh photogrant a0 ine, vas.drawn paraliel o 1 RayTaw 20 side.from the pddle point

of the long side, anot ne parallel fo the Tong side fronv'the middfe point of the narrow side. Two
diagonal lines Wwérg'drawmt %md%ﬁbﬁcﬁfé’nﬁéf@f%}aﬁﬁqoﬁé&iﬁ@r@%ﬁﬁﬁep&ﬁi%%o&y&%ﬁbéﬁ%fh these
four lines were measuret by usingneemier caliper.ckheraveragé of thesep@lyeswas deterained as
average primary padicle diameter, of thesimageandsthe.gverage of alt five images; was.determined. as

SEM-observedé)rlmar particle diameter (SEM djameter). The measured value was measured to 0.01
pm and rounde

10 GEe(ILE R T TN RaTHGL TRER Werd Shiowh it Tha fink av L 8ne =3=ty

10 acid diesters, polvoxyethylene propylene glycol fatty acid
esters, pelyoxyethylene sorbitan fatty acid monoesters,
polvoxyethvlene sorbitan fatiyv acid fLriesters, ethvlene
glycol fatty acid meonoesters, diethylene glycol fatty acid
monoesters, propylene giycol fatty acld monoesters, glveerin

15 fattvaclidmoncesters, pentaerythritel fatty acidmonoesters,
scorbitan fatty acid monoessters, sorbitan fatty acid
sesquiesters, and sorbitan fatty acid fTriesters.

[0039]
The effect of adding tThe nonionic surfactant depends

20 on the kind of tThe excergic filler, additicn amount, and HLB
which 18 the term showing the bhalance betwesn hydrophilicity
and lipophilicity (hydrophile-lipephile balance) . Liguid
surfactants with HLE of not more than 2 are preferred because

good congistency 1s obtained at room tempsrature, in the

19
L

practice ¢of the present disclosure. Anicnic surfactants,
cationic surfactants and ampholytic surfactants may be used
in the application such as highly exoergic grease Qhere the
decrease of electrical insulation and electrical resistance
are not emphasized.
30 [o040]
The excergic grease of the present disclosure can be
produced by mixing the above mentioned components using a
mixing apparatus such as & dow mixer {(kneader), gate mixer,
planetary mixer and so on.
35 {oo41]
The exocergic grease of the present disclosure may be

applied to the exothermic body or the exoergic body. As the



30arnetet e rminec. :r in E9face area and abc-rne the measurem, ana rournoec 35[0048] [Table 1] C!
article diameter wa measured to _fires ciecima places LED be averaaed. 16 SEM particle diametyer
(pm) Shape of particle SSA W /g) SSA particle diameter (pm)

13

exothermic body, there may be mentioned, for example,
exothermic electronic components such as general electrical
source; power transistor for electrical source, power module,
thermistor, thermo couple, temperature senscor and other

5 electronic apparatus: integrated circuilt element such as L5I
and CPU. As the exocergic body, tThere may be mentioned, for
example, exoergic components such as heat spreader, heat sink;
neat pipe, and exocergic plate. The application can be
performed by the screen print method. The screen print method

10 may be performed using metal mask or screen mesh. By applying
the composition of the present disclosure between the
exothermic body and the excerglic body, 1t 1s able to
effectively remove heat from the excthermic body because heat
transfer from the exothermic body to the excergic bedy 1s

15 performed efficiently.
[o042]

The exoerglc filler can be used as a coating composition
obtained by dispersing the filler in a resin solution or
dispersion liguid. This exoergic coating composition is one

20 aspect of the present disclosure. In this case, the resin
contained in the composition may be & hardenable one or &
non-hardenable one. The resin may include the exemplifiec
resins which can be used in the resin compesition mentioned
above. The coating compositicon may be a solvent type one

25 containing organic solvents or an agqueocus type one containing
a resin dissolved or dispersed in water.

[0043]

The method for producing the coating compesition is not
particularly restricted but the coating compositicn can be

30 produced by mixing and dispersing the necessary materials and
splvents using a disper or beads mill.

[0044]

The addition amount of exoergic filler composition in
the exoergic coating compesition of the present disclosure

33 may be decided according to the intended degree of thermal
conductivity. In order to express the exoergic property of

the exoergic filler composition sufficiently, the addition



FINEX-30 0.036 grain shape 30 0.035 Zinc oxide JIS 1 0.32 grain shape 3.5 0.3 10049] (Measuring
method of primary particle diameter of magnesium. oxide) 5The particle diameter (SSA patrticle
diameter) was determined from BET specific surface area and absolute specific gravity. Photographs
of each magnesium oxide particle were taken at five locations by using Scanning Electron Microscope
(JSM 840 F manufactured by JEOL Ltd.) at 102005-Sald magrH ,aaw,particle diameter was al=sa 1C
-kilt, at 5005.0:37a particle . pm, and a 5 5. 5 55 5 old.magrYficaaiaan _ ,LEoparticle :Lamar:ea
was SlraOSrespgetively ito ebtain:five-photographs withvimage parts of 9icra. narrewe total

amount of the coating composition. The addition amount can
be adjusted according to the needed level of exoergic property.

For the application reqguired better excergic property, the

[ 43

addition amount is more preferably 30 velume % or more, and
still more preferably 50 volume % or more.
[Example]
[0045]
Hereinafter, the present disclosure will be described
10 in more detalil by way of examples, but the present disclosure
is not limited to these examples.
[0046]
Hereinafter, the measurinc methods of the long diameter,
the short diameter and the aspect ratio are described in more
15 detail below.
(Measuringmethod of long diameter, short diameter, and aspect
ratio}
Photographs of each zinc oxide sample were taken at five
locations by using Transmission Zieciron Mico

20 {JEM-1008¥ manufactured by JECL Ltd.) a=

HE
et

N

gnification to obtain five photographs with image parts of

1

12 c¢m narrow side and 1€.5% cm long side. In each phrotograph,
one line was drawn parallel to the narrow side from the middle

point of the long side, another line parallel to the long side

]
h

from the middle point of the narrow side. Two diagonal lines
were drawn, and short diameter and long diameter ¢f the

particle overlapped with these four lines were measured by

T
!_.J .
o3

e

using vernier caliper. When various lines were overlap
at the area of the same particle, the mesasurement was not
30

)
o




15 side and 12 cm long side. In each photograph, one line was drawn parallel to the narrow side from
the middle point of the long side, another line parallel to the long side from the middle point of the
narrow side. Two diagonal lines were drawn, and short diameter and long diameter of the particle 20
overlapped with these four lines were measured by using vernier caliper. The average of these values
was determined as SEM-observed primary particle dimeter (SEM diameter) of each image. [00501
Preparation Example 1 Preparation of needle-shaped zinc oxide particle a Water (300 mL) at 55 C
was charged inte. a-3L: reactiontankandzinc chloride aquesusrsoiiitionsof 135g/L concentration 1500
mL (1.48 mol on, zinc,chloride basis) and-30 sodium nods, 17 iroria-pa s) ara.added at.the game nder
sufficient stlrr Itrasonic at. fracuar cv 210 RH by Jsb of uitrasoni 6000 manufactureleppon Seiki Co.,
Ltd.) to produc&Saprécipitate. [6051] “The obtailed précipitate was filtéred, Washed With water
and dried to obtain:a:white pewdér:.This powderwas sule8 10 o>lide. accor speci=;"-measured.
average short diameterpm, the average long diameter 0.9894 pm, and the aspect ratio 4.1. [0052]
PreparatlonExampIeZ Pr_eparatlon ofneedie- shapedzmcomde partlcle b.White powder was obtained by

t at"the 85 the average long

following the same procedure as’ ‘that of Ff’reparatlon Example T except
diameter 0. 1534»]0151@ “and- theraspect Fati(f’s 2= [0053} (Exammes Fto 6}

[0047]
10 (Measuring methed of particle diameter of zinc oxide particles

used in Comparative Examples)

As for the zinc oxide particle used in Comparative

Example, the primary particlie diameter thereof was determined

from SEM photographs by the following method. Photographs of
15 each zinc oxide particle were taken at five locations by using

Scanning FElectron Microscope (JSM 840 F manufactured by JEOL

Ltd.) a7 20000-20.

magnificatiorn to obtaln five photographs

(o8

with image parts of 9 cm narrow side and 12 cm long side. In
each photograph, one line was drawn parallel tc the narrow
20 side from the middle point of the long side, another line
parallel to the long side from the middle point ¢f the narrow
side. Two diagonal lines were drawn, and short diameter and
long diameter of the particle overlapped with these four lines

were measured by using vernier caliper. The average of these

]
h

values was determined as average primary particle diameter
of the image and the average of all five images was determined
as SEM-observed primary particle diameter (SEM diameter).

The measured value was measured to 0.031 um and rounas

30

35 [0048]
ITable 1}



Resin molded articles were prepared by mixing EEA resin (Rexpearl A-1150 manufactured by Japan
Polyethylene 30 Corporation), the needle-shaped zinc oxide particle of Preparation Example 1 or 2
and various exoergic fillers of Table 2 at 160 C as shown in Table 2 and then pressure molding. These
were molded to be molded articles with 50 mm x 2 mm (diameter x 8. Thermal conductivity of the
molded 35 articles were measured. In addition, thermg) conductivity was measured at 25 C according
to the method with heat flow meter. The results were shown in Table 2. 18 [0054] (Comparative
Example 1) Thermal conductivity was measured by following the same procedure as that of
Example 1 except that the exogrgic filler was pot added. The result was ghown in Table . [0055]
(Comparative Example 2) A mﬁ%d%ﬁé’ré:w saipined by usirggthe s égéfﬁé’éﬁﬁﬂoeh as that
ofExample4 excgept that the nele eShaped 1 zinctoxide partidle? bglas epla%:?a vyﬁﬁ fine particle zinc
oxide FINEX-30|manufacturediby S kal’Chenical Industrylin the proportion shéwr in Table 2. Thermal
conductivity wag measureq by {folowi € SamegRERGEJUfe as that of Example I, The result was
shown in Table 2. E%G%G(C mpz:@:a ivénEx m;gmﬁeand 4) 3 hermal cor(%dajgﬁvit was measured
by following the [saaneprecetkire as 6h EOf Exampleakexcept th ttJ:le exgergic f&ll%r was feplaced with
alumina 20 Em o¢nly 6E$hé conbination of 20 alumirer0 bm and 0.8 pmj The results wefe shown in
Table 2. [0057] 19 [Table 2]

[0049]
(Measuring method of primary particle diameter of magnesium

oxide)

hy

The particle diameter {3354 particle diameter) was
determined from BET specific surface area and absolute
specific gravity. Photographs of each magnesium oxide
particle were taken at five locations by using Scanning

- =

Eilectron Microscope {J3M B40 E

10

»s7 0.0 um, respectivaly,
to obtain five photographs with image parts of % ¢cm narrow

15 side and 12 cm long side. In each photograph, one line was
drawn parallel to the narrow side from the middle point of
the long side, another line parallel to the long side from
the middle point of the narrow side. Two diagonal lines were
drawn, and short diameter and long diameter of the particle

20 cveriappaed with these four lines were measured by using
vernier caliper. The average of these values was determined
as SEM-observed primary particle diameter (SEM diameter) of
each image.
[cos0]

Preparation Example 1 Preparation of needle-shaped zinc oxide

]
wh

particle a
Water (300 mL) at 5% °C was charged into a 31 reaction

tank, and zinc chloride agueocus solution of 135¢g/L

concentration 1500 mL (1.48 mol on zinc chloride basis) and
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Magnesium oxide manufactured by Sakail Chemical Industry (SEM diameter 2 um) Magnesium oxide
manufactured by SaKai n schemical Industry i i(SEE diameter | um1 2. Magnesium oxidel 1n
Imanufactured by Sanali '2 1Chemical Industry 1 : |1 44 (SEM diameter C.1 unm [ | ¢ Large patrticle
zinc m oxide manufactured by Sakai ChemZca-. 1 3

i

cbtained precipitate was filtered, washed with

dried to obtain a white powder. This powder was

10

um, the average long
diameter 0.98%4 pm, and the aspect ratio 4.1.
13 [cos52]
Preparation Example 2 Preparation of needle-shaped zinc oxide
particle b
White powder was obtained by following the same

procedure as that of Preparation Example 1 except that the

et DRt oo
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=; e o~
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25  the average long diameter 0.1534 um, and the aspect ratio 5.2.
[0053]
(Examples 1 to 6)
Resin molded articles were prepared by mixing EEA resin
(Rexpearl A-1150 manufactured by Japan Polyethylene
30 Corporation), the needle-shaped zinc oxide particle of
Preparation Examplie 1 or 2 and various exoergic fillers of
Table 2 at 160 °C as shown in Table 2 and then pressure molding.
These were molded to be molded articles with 50 mm x 2 mm
(diameter x tnickness). Thermal conductivity of the molded
35 articles were measured. In additicn, thermal conductivity
was measured at 20 °C according to the method with heat flow

meter. The results were shown in Table 2.



11: industry LPZINC-11 Larme marr,clim zinc | < !oxide manufactures by Sakai Chemical Industry
0821110-2 1 Fine particle zinc loxide manufactured byl Saha.. Chemical Industry FINE41-30 alumina
10 hm 1Filler (volume 6)0 62 .9162 9 42.9162.9 62.9 ,14: 52.6102.9158.6

18

[0054]
{(Comparative Example 1)

Thermal conductivity was measured by following the same
procedure as that of Example 1 except that the exoergic filler

5  was not added. The result was shown in Table Z.
[0055]
(Comparative Example Z)
A molded article was cobtained by using the same
composition as that of Example 4 except that the needle-shaped
10 zinc oxide particle b was replaced with fine particle zinc
oxide FINEX~30 manufactured by Sakai Chemical Industry in the
proportion shown in Table 2. Thermal conductivity was
measured by following the same procedure as that of Example
1. The result was shown in Table Z.
15 [oo03¢]
{Comparative Examples 3 and 4)

Thermal conductivity was measured by following the same
procedure as that of Examnple I except that the exoergic filler
was replaced with alumina 20 pm only or the combination of

20 alumina 10 pum and 0.8 um. The results were shown in Table Z.
[cos7]



20 From the results in Table 2, it was apparent that the exoergic filler compositions of the present
disclosure have extremely high exoergic property compared with the exoergic filler composition of
Comparative Examples containing the same or almost the same volume % of fillers. [0059] (Example
7) Epoxy resin (JER 828 manufactured by JAPAN EPDXY RESIN Co., Ltd), curing agent for epoxy
resin JER CURE ST 12 10 manufactured by JAPAN EPDXY RESIN Co., Ltd), needle-shaped zinc
oxide particle a and magnesium oxides having SEM diameter of 10 um. and 1 pm respectively (both
were manufactufed hy<Sakpi Chemical Industry) were mixed as shown in Table 3, and the obtained
mixture was injected into a die with SO mm x 2 mm 15 (diameter x -s) and heat treated at 80 'C for 3

hours to obtain@a rpoided articte. The ther qu_. nductivity of the molded article was.measured and the
result was shown in Table 3. [0060] 20(Compaiative Exampi§B)Y®  Thermal conelctivity was
measured by fallowing the same procedure:as that of Example 7:exceptithat needleshaped zinc oxide
particle a was replaced with the.zinc oxide:dJIS 1 manufagtured by SakalChemical Industry as shown
in Table 3. 25 The'result wasshown in {able 37[0061] (Gomparative Example 6) hermal conductivity
was measured by fojlevwr'[g the same procedure as that of Example Téxcept that the exoergic filler 30
was replaced with altum!na O pm and 0.8 Um as snown in Table 37 Thé resulf was shown in Table 3.
[0062] [Table 3] 5 L = e
Hagrnesium oxide i !
imanufastured hy Saka ’?u N I
Cnemical Induszry T -
{SEM diameter 10 um; i
Hagnesium oxide ‘
ranufzctured oy Sakail
Cnemical Industr
{SEM dizameisr 2 um
- Magnesium orids
by marnfaczure? b}.f Saxsi 16 el ol i1
g Chemical Industry
o {SEN drametor 1oum
§ Magnesium oxids : 4
z Chemical zm \ oo
W {8EN diameter . umg
"f‘ Large oa*'*lﬁ‘\: zing ; ! | :
% |owide manufact Y -~ o :
- ', Che : 4 IRt P
& Sakas .
o ndustry : : |
“ﬁ- Largs particie zing
3 LT : B . i
L OXITE MARUracTured i)}." 20 ; o f
Bakael Chemicsl v o
Ingustry LPAINC-Z
Fine particle zinc
onide manufactured by -
Sakel Chemical s “
Industry FINEY-30 i
Alumina 20 ux g €E.5
|
igeing 10 pn 47 .8 £%.5
Biumine 0.8 um % 137 2005
|
Tillier (volums % t 0 BZ.BIEZ. 9 E€2,.8152.9|62.9162.3,82.9 8BR.6182.8
Thermai C:Onductitfity' - P . 4. e ] o= - ;
(e KD ! v * RN RN IR SRR
]

[0o58]



21 s IF :r( .21 gl e; Exa rompara7Ccmparativ ExamoleExample Epoxy resin 11(L Curing agent for
epoxy resin Neediensnanec zinc oxide particlea Magnesium oxide manufactured by Sakai
1Chemicallndustry(SEM diameter 10 um(

20

From the results in Table 2, it was apparent that the
exoergic filler compositions of the present disclosure have
extremely high excergic property compared with the exoergic

filler composition of Comparative Examples containing the

Lh

same or almest the same volume % ¢f fillers,
[0059]
{Exanmple 7}

Epoxy resin (JER 828 manufactured by JAPAN EPOXY RESIN
Ce., Ltd), curing agent for epoxy resin (JER CURE 35T 12
10 manufactured by JAPAN EPOXY RESIN Co., Ltd), needle-shaped
zinc oxide particle a and magnesium oxides having SEM diameter
of 10 um and 1 um respectively (both were manufactured by Sakal
Chemical Industry) were mixed as shown in Table 3, and the

obtained mixture was injected into a die with 50 mm x Z mm

—_
(31

(diameter x Thickns:

n

=) and heat treated at 80 °C for 3 hours

4

to obtain a molded arti The thermal conductivity of the
molded article was measured and the result was shown in Table
3.
[oo60]

20 (Comparative Example 3)

Thermal conductivity was measured by following the same
procedure as that of Example 7 except that needle-shaped zinc
oxide particle a was replaced with the zinc oxide JIS 1
manufactured.by Sakail Chemical Industry as shown in Table 3.

25  The result was shown in Table 3.
{0061]
(Comparative Example ©)

Thermal conductivity was measured by following the same
procedure as that of Example 7 except that the exocergic filler

30 was replaced with aiumina 10 um and 0.8 um as shown in Table
3. Thes result was shown in Table 3.
[o062]
{Table 3]



12.9 Magnesium oxide manufactured by Sakai Chemicallndustry(SEM diameten | pm) oxide EIS |
manufactured by Sakai | Chemical industry Alumina 10 gm Alumina 0.6 um Filler (volume75225 a0 , 4
[0063] (Example 8) Silicone resin (KE-103 manufactured by Shin-Etsu 5 Chemical Co., Ltd), curing
agent for silicone resin (CAT-103 manufactured by Shin-Etsu Chemical Co., Ltd), needle-shaped zinc
oxide particle a and two kind of magnesium oxides haying SEM diameter of 10 pm and 1 pm (both
were manufactured by Sakai Chemical Industry) were mixed as shown in Table 4, and the 10 obtained

mixture was pressure molded at 150 C for 30 minutes to obtain a resin composition. Then, the resin
composition was further molded to obtain a molded article with*5& i Xgoﬁjﬁj(‘mcimﬁéfﬁ%é%s)
Thermal conductivity-ofthre-motded grticlerwss measured and the;resutt was showm i Labte 154.
10064] (Comparatlve Example 1) agendhermabeonductivity was measured by following the same
procedure as tha; of ExBrpple-grereeithiaP isedisshalied zinc 20%xide particle a was.replaced with
the zinc oxide JIS & méﬁ%?%ctﬂlreg‘uigyﬁ’akafﬁhﬁ?nca‘i Inﬁ’tfstry asgshown in Table 4. The result was
shown in Table 4 [0 tive E ola gy ™"
= Magnesium oxide mana ured by Saka: - -
j ¢} Chemical Industry (3EM diameter 1 pm) e
271 Zine oxide JIE L manufactured by Sakal PR
Chemical industrs o
Biumine 1€ um i
Llumina .8 um &
Filler (voliume % R 25 2t
Thermal conducTlvity W/ K & 0.5 0,4
[o063]
(Exampie 8)

Silicone resin (KE-103 manufactured by Shin-Etsu
5 Chemical Co., Ltd), curing agent for silicone resin (CAT-103
manufactured by Shin-Etsu Chemical Cc., Ltd), needle-shaped
zinc oxide particle a and two kind of magnesium oxides having
SEM diameter of 10 pymand 1 um {both were manufactured by Sakai
Chemical Industry) were mixed as shown in Table 4, and the
10 obtained mixture was pressure molded at 150 °C for 30 minutes
to obtain a resin composition. Then, the resin composition
was further moided to obtain a molded article with 50 mm x
2 mm {diameter x Thickness). Thermal conductivity cof the
molded article was measured and the result was shown in Table
4.
[0064]
(Comparative Example 7)

—
h

Thermal conductivity was measured by following the same
procedure as that of Example 8 except that needle-shaped zinc
20 oxide particle a was replaced with the zinc oxide JIS 1
manufactured by Sakai Chemical Industry as shown in Table 4.
The result was shown in Table 4.
[coEs])
(Comparative Examplie 8)

[0

25 Thermal conductivity was measured by following the sam

-

rocedurs as at of Example 8 except that the exoergic fille
i th T E le B T th The exoerg A

H

was replaced with alumina 10 um and 0.8 um as shown in Table



25Thermal conductivity was measured by following the same procedure as that of Example 8 except
that the exoergic filler was replaced with alumina 10 um and 0.8 pm as shown in Table 22 4. The
result was shown in Table 4. [0066] [Table 4[ IExamp ; Exavo2e pie e ocircone resinisltl4 Curfor
silicone rest Needle-shaped zinc oxide partici lagnescum oxide manufactured by Sakai hen'Licai
Industry (SEM diameter 10 um:, Magnesium oxide magufactured by Cabal Chemical Industry (SEM
diameter | un- uinc oxide 115 ,L manufactured Chemical Industry uumam lea (volumr3 conduct [0061

4. The result was shown in Table 4,

N
[Table 4]
Example! Comparative | lomparative
2 Examplie 7 Lxemple ¥
14 14 14
o Curing agens for siliceons resin DL [ 0.7
50 Needle—-ghaped zing oxXilde particie a i
T
%; % Magnesium oxide manufaciured by Sakal - e =
d it . . - . v . e e
~ | Chemical Industry {(SEM diamster 10 unmi -
o
oL : . - . 0 .
-l Magmesium oxide manufactured by Sakal R e A
A . . “ o s e - N Ll kS ot
- Chemical Industry {(SEM diamerer 1 wm: <
E
& Zinc oxice JIS 1 manufactured by Sakal <o
Cnemical Industry T
Eluming 10 pm { 42
Aluminz £.85 um it
Filler (volums % 5 54 5¢
Thermal conducTivity (W/m R} z2.e LB 1.6

[0067]
{(Example 9)

L

Silicone oil {KF-99 manufactured by Shin-Etsu Chemical
Co., Ltd}, needie-shaped zinc oxide particle a and two kind
of magnesium oxides having SEM diameter of 10 umand 1 um (koth

10 were manufactured by Sakal Chemical Industry) were mixed as
shown in Table 5 to obtalin an exocergic grease. Thermal
conductivity of the exoergic grease was measured and tThe
result was shown in Table b,

[0068]

15 {Comparative Example )

Thermal concductivity was measured by following the same
procedure as that of Example 9 except that needle-shaped zinc
oxide particie a was replaced with the zinc oxide JIg 1
manufactured by Sakal Chemical Industrv as shown in Table 5.

20 The result was shown in Table 5.

[0069]
{Comparative Example 10)
Thermal conductivity was measured by following the same

procedure as that of Example 9 except that the excergic filler

]
h

was replaced with alumina 10 um and 0.8 um as shown in Table
5. The result was shown in Table 5.
[oc70]



(Example 9) Silicone oil (KF-99 manufactured by Shin-Etsu Chemical Co., Ltd), needle-shaped
zinc oxide particle a and two kind of magnesium oxides having SEM diameter of 10 um. and 1 pm
(both 10 were manufactured by Sakai Chemical Industry) were mixed as shown in Table 5 to obtain an
exoergic grease. Thermal conductivity of the exoergic grease was measured and the result was shown
in Table S. [0068] 15(Comparative Example 9) Thermal conductivity was measured by following
the same procedure as that of Example 9 except that needle-shaped zinc oxide particle a was
replaced with the zinc,oxidg JIS 1 manufactured by Sakai Chemical Industry as shown in Table 5. 20
The result was shown in Table 5. [0069] (Comparative Example 10) Thermal conductivity was
measured by followihg the same procedure as that of Examplem:exceptthat the-exoetgic fiterl was
replaced with alumina-10-pm-and.0.8.pm-as.shown in Table 5 The rpculff’iﬁl?féecﬂn (FERTTakle 5. [0070]
[Table 5] 50 Th %mmmxmﬁgjtgg?g tExample-10) J/-‘g;phL wr-in-Fabte 6; epoxy-resin (jER
828 manufactured“by JARAN EPLIXY RESIN-Co L 1d) stoluene, needle- shaped zinc oxide particle a
and two kind of magnésmm@ximwming@w&di'amet@ér‘@f—‘l() pm'and 1 p"m (both were manufactured
by Sakai Chem G@EJ ndustry} weremixed:and-dispersed:by:=disper,tq 10 obtain an gxoergic coating
composition. Tkejtberﬁﬁ%ﬁ“’ééﬁﬂdc’fﬁ%‘fﬁvic‘)f thie’ exc&rgic coating composition was measured andithe
result was show ﬂ if Table 6:{B0 72} ! manufactursd py Saka.

Cngmical Incust LI

Llumina 10 um ' i
EBiumena 0.8 um ! o
i lllsy (wolume % 545 50 o
Thsrmal conouctlivity {W/m 7 2.1 1.8 :
[co71]
(Example 10)
3 Az shown in Table &, epoxy resin (3ER 828 manufactured

by JAPAN EPOXY RESIN Co., Ltd), tolusne, needle-shaped zinc
oxlde particle a and two kind of magnesium oxides having SEM
diameter of 10 um and 1 pm {(both were manufactured by Sakail
Chemical Industry) were mixed and dispersed by disper to

10 c¢btain an exoergic cecating compcesition. The thermal
conductivity of the exoergic coating compesition was measured
and the result was shewn in Tabkle 6.

[0072]
(Comparative Example 11)

15 Thermal conductivity was measured by following the same
procedure as that of Example 10 except that nesedie-shaped zinc
oxide particle a was replaced with the zinc oxide JIS 1
manufactured by 3akal Chemical Industry as shown in Table 6.
The result was shown in Table 6.

20 [oo73]

(Comparative Example 12)

Thermal conductivity was measured by following the same
procedure as that of Example 10 except that the excergic filler
was replaced with alumina 10 um and 0.8 um as shown in Table

25 ©. The result was shown 1in Tabkle 6,

[0074]
[Table 6]



(Comparative Example 11) Thermal conductivity was measured by following the same procedure
as that of Example 10 except that needle-shaped zinc oxide particle a was replaced with the zinc oxide
JIS 1 manufactured by Sakai Chemical Industry as shown in Table 6. The result was shown in Table 6.
20[0073] (Comparative Example 12) Thermal conductivity was measured by following the same
procedure as that of Example 10 except that the exoexgic filler was replaced with alumina 10 pm and
0.8 um, as shown in Table 256. The result was shown in Table 6. [0074] [Table 6] 24 Alumina

Alumina Filler {yotumet31Fhermat-conductivityFF1'r2:6 [007:]:xamp}l;l- gy fronriheresuts shown in
Tables 3t0 6, it is aJparent that the exoergic filler compositions ofthe present 3 'disclestire iave
extremely high exoe comparedswith the exoergic fillér eompositién of Compatative
Examples cont E’llﬂ( 0L same-volume % nf“frllnrc INDBUSTRIAL /\:ppl Ta “BlLlTY
> Tine GRLUE RArLIClE & 4
2 o
10[0076] E z Magnesium oxide manufactured by Sakal - .
= o | Chemical Industry (SEM¥ diameter 10 am) T o
1: 45“ Magnesium oxide manuiactured by Jakal ; 6 e
= 91 Chemical Industry (SEN diameter 1 pm) i
E Tl oring oxide JIS L manufactured by Saxal - ;
Chemical Industry T :
Eiamineg 10 um 27
Aiumina 0.8 um in
Filler (voiume & £ : i3
Thermal CoOnduCcTiviiy WM R 1.8 N ; 1.0
{o075]

i

Judging from the results shown in Tables 3 to 6, 1t

apparent that the exocergic filler compositions of the present
5 discloszsure have extremely high exoerglc property compared

Fy

with the exocergic filler composition of Comparative Examples

fells)

containing the same or almost the same volume of fillers.
INDUSTRIAL APPLICABILITY
10 [co76]

The exoergic filler compesition cf the p:

W

ent
disclosure is used suitably as the exocergic filler for a resin
composition, an exoergic grease, and an exocergic coating

composition.



The exoergic filler composition of the present disclosure is used suitably as the exoergic filler fora resin
composition, an exoergio grease, and an exoergic coating composition. 15 25 CLAIMS I. An exoergic
filler composition containing 51 to 50 volume % of a needle-shaped zinc oxide having an average long
diameter of 0.1 to 10 um, an average short diameter of 0.025to 2.5pm, aspect ratiodefinedby(average
long diameter)/(average short diameter) of 4 or more a#nd SET 10vzand 50 to 99 volume % of other
exoergic filler. 2. The exoergic filler composition according to Claim 1, wherein the other exoergic
filler is at least one selected 15from the group consisting of zinc oxide, alumina, boron aluminum
nitride., and magnesium. oxide. 3.A resin composigggmg]prising the exoergic filler composition
according to Claim 1 or 2. 20 4. An exoergic greaseé comprising the exoergic filler composition
according to Claim 1 or 2. 5. An exoergic coating composition comprising the expergic filler
composition acgardingde.€daigit of 2. ler composition containing

Q

5 1 to 50 volume % of a needie-shaped zinc oxide having an

average long diameter of 0.1 to 10 um, an average short

diameter cf£0.025to 2.5 um, aspect raticdefined by (average

long diameter)/(average short diameter) of 4 or more and

N L TR I SN o & ol R S R S et e
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10

% of other exoergic filler.

2. The exocergic filler composition according to Claim 1,
wherein the other exoergic filler is at least one selected
15 from the group consisting of zinc oxide, alumina, boron

R e
e v -

h

2, zouminum nlTrids, and magnesium oxide.

(%]

. A resin composition comprising the exoergic filler
compositTion according to Claim 1 or 2.
20
4. An exoerglc greasse comprising the exoergic Ziller

compesition according to Claim 1 or Z.

n

. An exoergilc coating composition cemprising the exoergilc

b2
wh

fiiler composition according te Claim 1 or 2.



