SPECIFICATION EXOERGIC FILLER COMPOSITION, RESIN COMPOSITION EXOERGIC GREASE

AND EXOERGIC COATING COMPOSITION 5 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 [00021 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
: : o gichi okl ok sl g

having high heat-conductivity as an exoergic fillerwith'résins, oils and  soon. It has been

investigatedthatthe excergic filler which 20 is used for such purpose is converted to a highly

heat-conductive exuprRSitiorr for hightexergic propeySI0003UPCSIASIRe éXseryic filler, various high

heat-conductive filerssuchasahming; boronpitiae, atwpngmnttioe, zinc 25 oxide, and magnesium
oxide are knawn (PATENT DOCUMENTS 1 and 2). Recently, a method for increasing the filling rate of

the exoergic material in_a composition by combining various particles having different particle diameter
is performed (PATE“NFLF%{?UM%\?TS 3 AND 4). 30[0004] As mentioned above, it is known to
increase the exoer@i@fﬂrbperty by combining two or more kinds of particles having
differentparticlediameterT There ¢s aotatte mpt o inereasesthesexoeryic propeny by éontbining some
particles having 35sipape - [0005]:0ntherotherhand :ameegieshaped zing exide baving: 2 needle

shape is knoyn (BATENT DOCUMENT 5). There s no attempt to use the zinc oxide in combination
with other exoergic fillers. (PRIOR PATENT DOCUMENT] (PATENT DOCUMENT]

BACKGROUND OF THE DISCLOSURE
[oooz]
An exoergic resin compoesition, an excergilc grease, and
13 an exoergic coating composition are used for electrical
products which are reguired te inhibit built-up heat. These
are obtained by mixing an inocrganic particle having high
heat-conductivity as an exoergic filler with resinsg, c¢ils and
soon. It hasbeen investigatedthat the excergic filler which
20 is used for such purpese is converted to & highly
heat-conductive composition for high sxcergic property.
{ocoz]
As the exoergic filler, wvarious high heat-conductive
fillers such as aluminag, horonnitrids, sluminumnitride, zine

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

2.}
L

2y. Recently, a method for increasing the Zilling rate of the
exoergic material in a composition by combining various
particles having different particle diameter is perf
(PATENT DOCUMENTS 3 AND 4} .
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As mentioned above, it is known to increase the axoergic
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(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[0007) According to the 8bove mentioned state of the art, the object of the
present disclosure is to obtain an exoergic filler composition which is able to exert superior exoergic
property, and to SYtai &rf eX0RryicTedif ABRTPOSItION: An20 eXderdic gradse” aRd ar BXoercic coating
composition whickchaviagidiipriciceBéftfic Propeny i respettively 'hyrusing fie°ab8vé-mentioned
exoergic filler composiion. PROBLEM TO BE SOLVED BY THE INVENTION 25[0009] The present
disclosure relates te an-exegrgic fillereampagition containing I to 50 volume % of a needle-shaped
zinc oxide hag/!ng ig averag Olg&qg%l@peter of _0.1 to 10 pm, an average_short diameter of 0.025 to 2.5
pm, aspect ratio 3 c?e Ined by (average long diameter)/(average short diameter) of 4 or more and
specific surface ar QPa& onalicpBET method of 50 m/and 50 to 99 volume % of other exoergic filler.
[0009] 35The othek &xEBIGiIETNEHIS! Preferdbhrackaddrid Jalséteerfropt theigrbup!édisisting of zinc
oxide, alumina, Pciravesedapaiutinuai, nitside; and magnesiun oxidelo8 2005-33042¢

(PATENT COCUMENT 31 Japanese Kokal Publication 2002-201483

10 [PATENT DOCUMENT 4] JSazpanese Kokai Publication 2007-704892
[PATENT DOCUMENT 5] Japanese Kokai Publication 2008-34695

DISCLOSURE OF INVENTION
OBJECT OF THE DISCLOSURE
15 [oc07]

According to the above mentioned state of the art, the
obiect of the present disclosure is to obtain an exoergic
filler composition which is able to sxert superior axoergic
properiy, and to obtaln an exoergic resin composition, an

20 exocergic grezse, and an exoergic coating composition which
having superlor exeoerglc property, respectively, by using the

above-mentioned exocsrgic f£iller composition.

PROBLEM TO B SOLVED BY THE INVENTION
[a008]

The present disclosure relates to an exoergic filler

I3%d
A4

composition containing 1 to 50 wvolume % of a needle-shaped
zinc oxide having an average long diameter of 0.1 to 10 um,
an avarage short diameter of 0.025 to 2.5 um, aspect ratioc

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

of 4 or more and specilic surface area asoording o BET method

cf 50 wr/g or less, and 50 to 992 volume % of other exoergic
filler
0009}

35 The other exocergic filler is preferably at least ons

selected from the group consisting of zinc gxnide, alumina,

poren nitrigds, siuminum nitride, and magnesium oxide,



The present disclosure relates to a resin composition comprising the exoergic filler composition.

The present disclosure relates to an exoergic 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 excergic property, an by -sing this, an exnerd resin composition,
an expergic grease cormincei and an eKoe géc‘cpstinch co, haying hitt. Qexcer%iﬂcrgrq%er{t%, respectbe oht
a 15 DETAILED DESCFﬁ?@rlﬁﬁ%EtPF@E?—“é RED EMBODIMENTS 10011277 “The present
disclosure is des€fBedifi fharé det&ir Bersw Thé preseRPTivEhtorRave now completed the present
20 disclosure by using zifte oxide=having: neédlishape ‘ast@ patrtofanexoergicfilereesmposition. That
is, the exoerdic filler,gompositionhaving high exoergic propestyieanbe obtained by using
needle-shaped zinc oxidg having,needle shape jn.compination with, othel.exoergic partigles to increase

heat-conductivity of the Qomgosnion as a Whoé . [OOxl(gJ icTt;(E ﬂeaerdlgbshaaénsqd%i&c oxide being an
essential compon"eoﬁif":iﬂ%hiélex‘oé:r%?@ fitér Egmpbesitelon of the présent disclosure has an average long
diameter of 0.1 to 10 um, an 30 average short diameter of 0.025 to 2.5pm, an aspect ratio defined by
(average long digtRetr)/(aveidge sHemdiamteter) of 4 or more, and specific ace area accord DEC
method. of 50 swig sles$, Such needle shape can fcrate the hear diffusion easily because tne heat
conduction isgore:fa:tea 35easily cioyjards the.lencth directicn,. Rurthermare, dhefoe car.;d in the
space between leg since the zinc oxide hasthe unigue 4.shape, leading to.a high filling rate. This has
a superior functiof, to Tr?gr%a%efﬁwseaexceirrn|cdpro“pért9‘Th"§Féf0fé,“tﬁ_égﬁe"egfe‘-sﬁér}éd Zinc oxide can
produce an extremiely-Stipériot-expettnicprivsapertywheriusedmcomBinationwishioshérmexoessMo

5materials. [0013} r == Thecneedie-shaped=zifac oxide preferably-hias an avsragelong diameter of 0.15
to 5 pm. The needlershgped:ziae oxide prefesably has anaverage:short:diameter 0f:0:035 to 1.25 pm.
15

DETAZLED DESCRIPTION OF PREFERRED EMBCODIMENTS
[oo11]
The present disclosure is described inmore detall below.

The present inventors have now completed the present
26 disclesure by using zinc oxide having needls shape a3z a part

of an excergic filler composition. That is, the exocergic
filler composition having high exoergic property can be
obtained by using needle-shaped zinc oxide having needle shape

in combination with other excergic particlies to increase

[
(%41

heat-conductivity of the cemposition as a whole.
{0012]

The neesdle-shaped zinc oxide being an essential
component in the sxoergic filler composifiion of the present
disciosure has an average long diameter of 0.1 to 1% um, an

30  average short diameter of (.025 to 2.5pm, an aspect ratio

defined by [(averags long diameter)/{average short diameter)




10 The needle-shaped zinc oxide preferably has an aspect ratio of 4 to 20. The needle-shaped zinc
oxide preferably has specific surface ;',.2.7n721 :=-Or'C'Hnq to ETT method of 1 to 40 [0014] 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 experdic property is decreased. Wheh the needle-shaped zinc oxide has the aspect
ratio less than 4, the effect of increasing the 20_exqergic property derived from the needle shape
cannot be obtaingdHécausé its Shape tanot be safd to be sufficiently néedie Shaped. Furthermore,
when the BET spetific stifacelareiréxcedds 507815 5s IS bt preferred'Sératsépafticle size is ZOO
small to produce the:iparticleraggresasion:exeessively and sneexeearcicproperyseteinised fron. the
needle snape cagnetbs produciart, [0015] A method-for praducing: the. needle-shapeg zinc oxide is
not particular%y rgs;@gtéﬁﬂ for example, the zinc oxide can 30 be produced by a method comprising
adding at the' samg time, and reacting zinc salt aqueous solution and alkali aqueous solution under
ultrasonic irradiation’ fv;r%re specifically, for example, the zinc oxide can be produced by adding 300 mL
of water at 55C into 3L ré&atistEtark haeiiting ginc: s&IE St ots>85 ¥dlGtion™ 800 MES(1.48 mcl on
zinc basis) and alkaticagueossssolutioh. 750tmLS (2:07 mbhendsrdrbxice ryrebasis) atthkdsame time for 2
minutes under sufficient stitingwithrullkasenie 5noradiationaddrequency 20kHziusing:wltrasonic
iradiator (U$;60QF manufactured hy NIPRON,SEIKL CO-. LTD.), to generate a.precipitate. [0016] 5The
zinc salt used forf&ro ugin% the %%ed'e-shgeﬁngggggxi_d%,s noog:gqagti%lélgfggggftricggg on condition
that it is water-softible, preferably fhorganic acid salts such as fri-itas,=;, nitrate’c,=, L'ES, ant: sulfate
salts no organic &%l suck a5 fFOTMALE atid zific-4Cetdte are TsetSuch 10°Zirc Salf$ are usually
used as an aqueodissoliition of 0.01 1.0.1, concentration"ks the alkali used tin prociucing .
oxide, usually alkali metalihydrexidesssadiunshygsaxide, patassiuma=and dithiemp aot.1 ate preferably

used. These,15 aJ:kalis are ysually used.as,an aquequsselution of 0.91-t0ipR- {00471
hecazuse the zinc oxide ls difficult to enter the space between
other particles and the sifect of increasing the excergic

property is decreased. When the needle-shaped zinc cxuide has
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the aspect ratio less than 4, t fect of increasing the
20 exoergic property derived from the nesdle shaps cannot be
cbtained because its shape cannot be said to be sufficisently

needle shaped. Furthermore, when the BET sgpsciiic surface

A method for producing the needle-shaped zinc coxide is

not particularly restricted, for example, the zinc oxide can

30 be produced by a method comprising adding at the same Time
and reacting zinc salt agueous solution and alkall agusous
solution under uitrasonis irzadiation. More specifically, for
example, the zinc coxide can be produced by adding 300 mi of
water at 5% °C into 3L reaction tank and adding zinc salt agueous

35 solution 1500 mL (1.48 mol on zinc basis) and alkali agueous
solution 750 mL (2.07mol on hvdroxide lon basis) at the sane

time for 2 minutes under sufficient stirring with ultrascnic



The needle-shaped zinc oxide can be obtained by adding the zinc salt aqueous solution and the alkali
aqueous 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 temperature of 55C or less, preferably 35 to
55C. 15 More specifically, for example, in the case df a batch system, the needle-shaped zinc oxide

can pe obtained P%/rstgiglgigvgtg% |n;:.tyheec{;eeac§|{9ré Zlndgg\éa%n%% 9@9 $%glqlggi@_eaélg&%@t agueous
solution and the afkali agueous solation in the ]%e etermined proportion at the same time to the

reaction tank, unti&t €idighasoHE 4 TREEFG {0 hix the Zind Saltaquédls sAiGtdT and the alkali
aqueous solutiorr apdecomtatettthem with each other. In the continuous system, n addinc of the zinc
salt aqueous solufigsr.and the alkali aqueous solution to the reaction tank at the same time can be

performed by following the.same 35 progedure. {onel dn gengrahareagtion ofdpezinc-salt and the

alkali 6 proceeds ragidg/ztg substantial completion, To industrially. praduce the, infended
needle-shaped Zine oxidé éfficienfly, t%é to‘talk_/arﬁouﬁt of tﬁe zinc salt aqueous %olution., and the alkali
aqueous solupioliFe&pettively hayBé atioed'tH tHE 59854 0rF tartk ?oarlé..scesrwfgl‘nér%oun} of time or for
a short tine. Specifically-deperiding oh the tonééntrations oF ariBuff. BEAHE Zifie-Salt-appeous solution
anti the alkali aqueous solution uisea.fordhesreaction; the:time taken 4caneutvalifirce®1:£rof zinc sal::
aqueous. SGIITICT;. of almost-1 maiMkconcentration 10 and 0.75 Lsof alkali-agueous solution of
almost 3.6 moill concentration at the same fime is ysually. three minutes or less, far.example, wo
minutes or less. [0019] Whén'the zinc salt agueous solution .1-1,1 the alkali 15" agueous solution are
added to the reaéﬁﬁhr’t‘%ﬁi’tiﬁt_tﬁ’éas?éﬁéﬁﬁec%:’tﬁ%’p'rfcfdﬁdiﬁ’h ‘ot the heédfe-shaped zinc oxide, the mei
ratio of hydroxidesion/ziic! ioreis preférably=EBe-tc? 185 5THe Wiol rétio is1e8s thah*F. 30, productivity is
decreased becauseireduntant zinc. ioh is:excessive-i4f the: MCt ratie s .200ver 1:25;the aspect ratio
of the cbtanggl needle-shapedt...up guklae tends to become:smaller. On.tine ether hand;:.in the
production of the ﬂgeﬁg:[ef,shh%$gcé@p&,g)%iggr_ if the mol ratio . of hydroxide ion/zinc ion is over 1.85
when the zinc salt "ﬁg’u@b’ s solution and the alkali aqueous solution are added 25 to the reaction tank
at the same time, thé ieeldle-shaped zinc oxide may be not obtained. [0020] In the production of the
needle-Shaped zinc oxidéf #i€ phrofthe 6Btdned Aiixtife i§ovet 80-FeT the Anc-saft 30 aqueous
solution and the alkalzaguectissatution: arecaddedtothi réactiohaahke ab e sgmedirherthe zinc oxide
having the intendgd averaggedong-diareteraverage shor diameter: and=specific: surface area May

not be obtained because, the.ohtained needle-shaped zinc.axide hends tg become smaller.

1.85 and the pH of the obtained mixture within the range of
5, at the

€.0 to 8.0, preferably in the range of 6.5 to 7.

reaction temperature of 33°C or less, preferably 35 to 55°C.

-2
T

More specifically, for example, in the case of a batch system,
the needle~shaped zinc oxide can be obtained by storing water

in the reaction tank in advance and adding the zinc salt agueous

. scTion tank, under snough
4 stirring to min the zing salt agueous solution and the alkall

CONTINECUER SVST

o, =hs adding of the zinc salt agqueous
solution and the alkall agueous solution To the reaction tank
2t the came time can be performed by focllowing the same

35  procedure.

[oD1g]
In general, & reaction of the zinc salt and the alkalii



35[0021] In the production of the needle-shaped zinc oxide, if the reaction temperature is over 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 intended average long diameter,
average short diameter, and specific. surface area may not be. obtained because the needle-shaped
obtainedSH2e [0022] The exoergic filler compositior? of the present disclosure contains 1 to 50 volume
% of the above-mentioned 10 needle-shaped zinc oxide. Thflt is, the egﬁce[gi,gj_iﬁllj_ey(_:c_qmposition of the
present disclosure“ESiitaiTs THB EbevEnTatidifed haedieBhaped Zinc 6Xideé ahd 6ther exoergic fillers.
As mentioned abBvesHie needl|e RHERRF ziee6Xitie Had & fuRélicn 15 IRérease thexoércic property
especially when 15 uisec:in:cambination with: otherexeéryic materials: df thel content 6fthe
needle-shaped zipg;Qxide s less than lvelume %.sthere is-a:problemithat the improvement in exoergic
property derived from its shape is-nat sufficiently achieved..If the.content is quer.50.volume %, there is
a problem that the 20 improvement in exoergic property cannot be expected according, to the addition

amount because thé heedié-shaped Zific oXide Teaches a saturation point. More preteratly, the
needle-shapedpréidintition of & Voliiftieor fiidre’ ard fioré preaably n #& 8rdPottion 02540 volume
[0023) The exoergiefiller composition-of:the cre'sentrosurecontains 59\ cilunie S7of diner expe )ercic
materialsnot b.araiicit: 30 centaingnetallic-oxides:sueh as.zine oxide; it titapiurraxide; and aluminum
oxide, aluminym nitride, beran pitride, silicon.carbide .silicon nitride, titanium pitrde, metallic silicon,
and diamond. As the other exoergic filler, _publically available material 35[0024) user, ombinatin with

b Ll

9devive. fillers 8 SGEAas afumina, Alurminuiit nitride, bofon Aitride, zint oxide, and magnesium( oxide
are extremely preféiféd toe &8 When'thenéedi&sshaped Zinc oxide is used in combination with
other exoergic fillets,athelother exoergic filler is not limited 5 to one kind, but contains the same kind of
substances having differentparicle size, erzdiffesenttnve osmareikindsrof sibstanees:having different

particle size [Q0251 \When two kinds,of exoergicillersare usedin on tank at the same
time in the production of the needle-shaped zinc oxide, the
mel ratio of hvdroxide ion/zinc ion is preferably 1.30 to 1.85.

The mol ratioc is less than 1.30, productlviny

20

of hydroxide ion/zinc icom is over 1.85 when

agueous sclution and the alkali aguecus solution are added
25  to the reaction tank et the same time, the needle-shaped zinc

oxide may be not obtailned.
[0020]
In the production of the needle-shaped zing oxlde, if
the pH of the obtained mixture is over 8.0 when the zinc salt
30  agqueous solution and the alkali agqueous solution are added

to the reaction tank at the same time, the zinc oxide having

the intended average long diameter, average short diameter,

oy

Lot
i

In the production of the needle-shaped zinc oxide, if

the reaction temperature is over 35 °C when the zinc salt



10 combination as the other exoergic fillers, a composition obtained by mixing a mixed excergic filler
and the needle-shaped zinc oxide in the volume ratio of 5:5 to 99:1 may be used, wherein the mixed
excergic filler is obtained by selecting an exoergic filler (a) having primary particle 15 diameter,
determined by the measuring method using images taken by the Electron Microscope Photo
Instrument as mentioned later, of 1 to 15 pm and an’expergic filler (b) of 0.05 to 4 pm" so that the
particle diameter ratio ((a)/(bp is remained within thelcangg of 4 ric %ai) /t(lbgnZO:z rand g&igiﬁwg so that 20
the volume ratio E&JTBYFis et Withif the Tafge of 51516 0:1° T the case that such proportion is
selected, the effect Githe preseat diselbstiretedn et xtriehtely SGitABRAOBTAREES T He Shape of the
other exoergic filler is s atparticularlyrrestrictéds dautegeniaing snhedcaT shapeaskakhr25shape, cube
shape, bar sharkg; hexaec, || Giate-shape; scaig-lika-shape angscren. 10026} The-exoergic filler
composition of the present disclosure is ysually used in the fields such.as exoergic tesin 30
compositions, exoérgic greases and exoergic coating compositions. Many publications concerning
“such applications“are known, the exoergic filler composition of the present disclosure is used in such
known application§%$ @kpergic resin compositions, exoergic greases and exoergic 35 coating
compositions. The excergie resimecompasitions exoergicgrdase andiéxcergivscdating composition are
one aspect of thepresest disclosurg; respeetively. v [0027kThe exeetgiefilereomposition of the
present discigsure ga1} be sed @s,2 /€510, GaIDpoS{inh oblaingr by, igingwita a rasin. Such resin
composition is one aspect of 5 th present disclgs%req. CI:n éhi&r%ascedgpgirggint;%ay be a thermoplastic
resin or a thermoS&HtHFresiA artd incitd8s Epoxy resins, phenol Tesins, polyphenylene sulfide resins
(PPS), polyester RSSIFHS BoIaAIRS 5617 SGTERES SHoR ey RFEE FolYpropyienss> pofyvinyl 10
chlorides, polyvinglidére chlotidespfidoring résins, potpnrethyl arethaepdaénethylicieléthyl acrylate
copolymer resin (EEA).J2Qlysarbonates spelyuiethanesgspelyacetals; palyphenylene ethkers, polyether
imides, acryli¢ nitrile-hutadienesstyrene copolymet kesind ABS), Jiquid 15:arystal resins (LCP), silicone

resins, acrylic resins and other resins. ggowz The resin composition, of the present disclosure may be a
resin compositionTor tdintal molding o eta%]ead) By kneading %Ola %e"r'mo lastic resin and the exoergic

filler composition fi*fieiting Bt & EBMpBSTioK Thtned By RM&&dng A Hhermbsetting resin
and the exoergic fitler.cempositiontfollBwing thermdseting: of othér rasiniésinposiion={6029]
content iz over 50 velume %, there is a problem that the

20 improvement in exoergic property cannot be expected according

to the addition amount because the needle-shaped zinc oxide

focz3]

The exeergla

30 *
taniur owide, and ziuminum oxids, aluminum nitride, boron
nitride, silicon carbide, silicon nitride, titanium nitride,
metallic silicon, and diamond. As the other excergic filler,

publically available maTerizl can be used.




The addition amount of the exoergic filler composition in the resin composition of the present
disclosure can be arbitrarily determined according to the intended performance of the resin
composition such as thermal conductivity, hardness and so on. in order to express the exoergic
property 30 of the expergic filler composition sufficiently, the addition amount is preferably 5 to 90
volume % relative to the total solid matter of the resih composition. The addition amount can be
adjusted according to the Qeedeq level of exoergic Q%?ger,ty.for the @glicatgonﬁreguged better
exoergic 35 propty; the dditici ambdht i hbre préferabhy 30 Volume v 6t fore, and still more
preferably 50 volentenaamemiore. §0030 1 2K0 < = t rpithe reSintEshpd Siiorrof B pre¥eft disclosure, the
resin componentynaybeseleeted-kraccordancesto thesusel Forexanmple owhert theresin composition
is placed between the heat squrce-and-the expeargicplate 4o make them stigk together seesins having
high adhesion property and,lgw hardness such as silicane feging,and achlig desing,apbe selected.
[0031] When'the fésin compaosition of the present disclosure is a resin composition for thermal

molding, the resitt 1O EGHTHosHiSH Miay b%lﬁﬁjdlfcreadf)ﬁﬁé eﬂ?ﬁ(%th‘_“o‘”f'fJ cOmprising fisf-kneading a
thermoplastic resivantitiecexbegic Jillet ebipesitioRUshig a dodsle-screw extruder, for example, to
pelletize the resin tompdsition and then, molding to the desired shape by the arbitrary molding method
such as 15 injection molging,and.s0.0n4[0032]Mhensthe resin eompesition-of the present disclosure is
the resin composition obtained hy kneading a thermosgtting:resin.and the.gxoetgie filler composition
following 20 thermosetting, it Is pr,eferabI%nmgldae b&gﬂrqssuﬁreggkollg;lpg.nS(jyghﬂgmthod for producing
the resin composfiorfisiiot particuany limifed ButTnciidesthe metiod comprising molding the resin
composition by transferamelging<[G033) TheSpphcationd bt tHE ré&in-Cofipasition df the present
disclosure includerexoetgic:parts of etectronicecorhpenents;dheimal-cbiriuctive iikingeagents, and
insulating bulkingagents for tarpperaturespgasurement. For exampte & resincamposition of the
present disclpsure can_be used.in.order 30 fo transfer. the heat fram the; exgthermig.glestronic
components, such as a MPQ,Qpr\Ler+trans[!ﬂst97rJ transformer to the exoeraic compaonents such as
exoergic fins and EX68Fgie fas ~4id can be placed between the exothermic electronic components
and exoergic compwehts Fhis Wil Afloigasd HEattFaTder 35demiden tHe 8xothéimit electronic
components and thexexoergic componentsant willprovidesfora detisase i mattunctidon of the
exothermic electrgnig.componentsfena lengtew. ot (z) / () £20, and mixing so that
20  +the volume ratio (la): (b)) is remained within the rangs of

5:5 to B:1. In the case that such proportion is 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 sphsrical shape, grain

25 snape, Cubh& 3haps,

The exoérgic filler composition of the pressent
disclosure is usually used in the fields such as exoergic resin
30  compositions, exoergic greases and exoergic coating
compositions. Many publications concerning such
applications are known, the exocergic filler composition of
the present disclosure is used in such known applications as
exocergic resin compositions, exocergic greases and sxosrgic
35  coating compositions. The excergic resin composition,
exoergic grease and excergic coating composition are one

aspect of the present disclosure, respectively.



Furthermore, the resin composition of the present disclosure can be suitably used for connecting a
heat pipe and a heat sink, or connecting a module incorporated into various exothermic bodies and a
heat sink. [0034) The exoergic filler composition may be used as an exoergic grease obtained by
mixing with a base oil which contains a mineral oil or a synthetic oil. This excergic grease is one
aspect of the present disclosure. 10[0035] The addition amount of the exoergic filler composition in the
exoergic grease o‘fthe resent disclosure may be determined according to the intended degree of
thermal conductiv &Q%rﬂ)rder to express the exoergic property of 15 the exoergic filler composition
sufficiently, the addition HifioGriP8F i€ exber§ic fﬂ%’?%b?ﬁﬁ&éiﬁoﬁﬁs%?gf&%ﬁfgfﬁ to 90 volume %
relative to the total amiountref thenexeersiegrease. Thelddditon ariéantcan beiaditisted according to
the needed levelof-exaeroie property ~For sherapplidatien2faenuired bettersexoprgic property, the
addition amount is, mare preferably 30 volume %,ormare-and stihaore preferably-30 yolume % or

more. [0036] As the base oil, one or more Kinds of oil materials 73 selected from. the up consisting
of mineral oils, S;Fﬁt%é%?soéﬁg’,tsllﬁcgﬁg b{il§?Tlu%r?%1”é?§gﬁf(ﬁ6§ér gor%’i sa%n(%pgllge%gf?gg used. The
synthesis oil is praterably % hjdrodirBofrol Sk e SyRthEE Bl Hire al e méntioned a-olefins,
diesters, polyol es&i$) trimelliticsgsters epolypheryl 3erathers, alkylpherivkgthers and so on. [0037]
The exoergic grepse-afithepresent sliselosule may contain acsurfactaat aecoydingyto need. The
surfactant is,prefecably asponianic surfactant. By adding the-noriohie 3e-surfactant, thermal

conductivity can be improyed and consistency of the exoergic. greasg,can be gggtggq,g@ moderately.
12 [00381 As thepﬁér%g%%lgﬁr%%fa{lrﬁffk\{é'r“e (ran'ay;'3 tl:")ega?rﬁénticﬁﬁ?d%r lyoxyethylene hlkXSethers,

po
polyoxyethylene éﬁ(?/?bhéﬂ?ff‘éthéf%}ﬁ%ﬁf&@&ﬁ?l@he@&%ﬁgﬁgﬁyﬁsﬁe Bthers: 5 polyoxyethylene
castor oil, polyoxysthylerss hyeregenatett castor Gk poly oiyetfiylentgalkyfsmides,
polycxyethylenepelyaxyprepylents: glycols, pelyexyethylenepolymdipropiféne glyaokéthylene
diamines, degaglygerin fatty acid gstersy polyoxyethylenedatty acid sroneesters. pelyaxyethylene fatty
10 acid diesters, RO ggygg@yﬂgge propylene glycol fatty acid esters, polyoxyethylene sorbitan fatty acid
monoesters, polyoxyethylene sorbitan fatty acid triesters, ethylene glycol fatty acid monoesters,
diethylene glycol ffi@%féd monoesters, propylene glycol fatty acid monoesters, glycerin 15 fatty acid
monoesters pentaerythrififatydcidaririoesté s sorbitah RiBPEEd Meoesters, S6ibifin fatty acid
sesquiesters, and:soHaitan fatip acic triesters. {06304 The kffecy ofcdddingtieynbresiésuirfactant
depends 5y 2 thermoplastic resin and the exoergic filler compesition in

melting condition: a resin composition obtained by kneading

a thermosetting resin and the exoergic filler composition

following thermosetting: or other resin composition.

foozs]
The addition amount of the exosrgic filler composition

T
e

in the resin composition of the present disclosure can be

arbitrarily determined according to the intended performance

o,

i

of the resin composition such as tThermal éonductfviiy,
hardﬁess and so on. L1n order Lo express the exoerylc property

30 of the exoergic filler composition sufficiently, the addition
amount is preferably 5 to 20 volume % relative to the Total
snlid matter of the resin composition. The addition amount
can bes adjusted according te the needed level of sxoergic
property. For the application reguired better exoergic

33  property, the addition amount is more preferably 30 volume %
or more, and still mers prefsrably 50 volume % or more.

foozel



20 on the kind of the exoerdic filler, addition amount, and HLB which is the term showing the balance
between hydrophilicity and lipophilicity (hydrophile-lioophile balance). Liquid surfactants with HLB of
not more than 9 are preferred because good consistency is obtained at room temperature, in the 25
practice of the present disclosure. Anionic surfactants, cationic surfactants and ampholytic surfactants
may be used in the application such as highly exoelfjic grease where the decrease of electrical
insulation and electricel resistance are not emphasized. 30%10040 The & ic. grease, of the present
disclosure can be produded’By kit TREA S&v”e‘%éﬁﬁo%% E}gr%;b%nnqeﬁ?gg%&g%ixi%g apparatus
such as a dow nizei (kReagere Hatermb@rs Tﬂﬁﬁéﬁ?y%i?&rﬁéﬁﬁ&%"b%n%g[a&‘%ﬁ'he%%(‘oergic grease
of the present diselesute mayetapptiedito therxetidmmic Botheertheexoegic HodF2As the 13
exothermic body, there-may-be raentioned; for-exampte, exothermisrelectronic cpaipements such as
general elecqicakgggacse;r%qyggr trgpgkstg&ﬁggg@gt@q@p@f@eaggvvp&,mggglﬁqglggrrmﬁar, therm
couple, temperature sensor ancﬁothe:r 5 el%ct[ggicjapé)ajgtsusr&Sintpegg{a%%d cireuit.element such as LS|
and CPU. As the®éxdergi€ Body” iiare’ niay bé mentioned, for example, exoergic components such as
heat spreader, heb? &#ik; heat pipe, and exoergic plate. The application can be performed by the
screen print method. Thersereehprintanethodd@iaybe perféimel isifg metst TAASK B screen mesh.
By applying the camposition-of-the-presentdiselosure hetween therexothermicebody and the exoergio
body, it is ahig toc%%%%}LVﬁ!X remave heat,from the expthermicbodybesayse hieey transfer from the

exothermic body to the exoergic body.is 15 performed efficient 142], The exoergic filler can be
used as a coatinﬁ‘%bh?b(gselﬁggno%féiggd%ri/egiéaSe?siﬁg*t e fjilllgr% ??esmx-éoﬁj% grgdilgpersion liquid.
This exoergic coatip esATPGEHIGA I8 Brie 288 act Of te PresEntdiscidsurs” in this case, the resin
contained in the carmpesition fiey be 2 hardewalsietorre of Ahdr-PardeAapleené °TheTesin may
include the exemplified sesinsapbich,canbdeused a tiye mesinicampesitioh mertioned above. The
coating Compjositiprpjg@é/igg am%qlgg% typg one 25 containing organic solvents or an aqueous type one
containing a resin gdissolyed or dispersed in water. [00431 The method for producing the coating
composition is not Oﬁ] i\éularly restricted but the coating compaosition can be 30 produced by mixing
and dispersing the neced&4y n?ﬁ?er?ﬁ%léhdﬂ%ﬂfé?ﬁéb%%hgoé aﬁgﬁepb?%%%ascmﬁﬁibsoﬁlﬁ The addition
amount of exoergicsfitler compositiondn thée Bxebigié toatihg Corfidsiiich dtthapresent'disclosure 35
may be decided aeseording:to the-intended degreglefthermabsition following

26 thermosetting, it is preferably molded by pressure molding.

Such method for producing the resin composition iz not

srticularly limited, buf includes the method comprising

lt‘!

molding the resin composition by transfer molding.
foozs]

25 The applications of the resin composition of the present
disclosure include exovergic parts of electronic components,
thermal-conductive bulking agents, and insulating bulking
agents for temperature measurement. For @xample,'the resin
composition of the present disclosure can be used in orderxr

30 totransfeztheheatfrmmtheexothermicelectroniccomponents,
such as 2 MPU, power transistor, transformer to the sxoerglc
components such as exoergic Iins and exoergic fans, and can
pe placed between the exothermic electronic components and
excergic components. This will allow good heat transfer

netween the exothermic electronic components and the exoergic

Ly
L

components and will provide for a decrease in maliunction of

the exothermic electronic components for a long term.



conductivity. In order to express the exoergic property of the exoergic filler composition sufficiently, the
addition 14 amount is preferably 10 to 90 volume % relative to the total amount of the coating
composition. The addition amount can be adjusted according to the needed level of excergicoroperty.
For the application required better exoergic propertlyl, the addition amount is more preferably 30

volume % or more, and still more preferably 50 volume Q. or more. [Example] [0045] Hereinafter, the

present disclosuig, will be described 10 jn.mave detail byway of xamples,but the present disclosure is

not limited to these examp%_e§. 0046] Herejnafter, the g%surin?_ methods of the long diameter, the
short diameter ah@the aspectyatid eegesgﬁbgaﬁﬁémoﬁe ¥sdetail befow, (Measuring method of long
diameter, short diafietePraf@aspett F4tiG) PHOtOGrapHEGiRsacHizc oNide ‘SmpiPwere taken at five
locations by using:trarsmissiond&lectrendMicrosebpy 20IEM-100SX manufactured by 3E01, Ltd.) at
90000-fold magnifigation to obtain five photographs with image parts of 12 cm narrow side and 16.5
cm long side. In each photograph, gne lingy was drawn parallel tg the marraw side feam the middle point
of the long side, another line parallél to the Igggbs\.ide425. from,menmid le_point of the narrow side. Two

7

diagonal lines wére"gratnr, dndshorf diameter and Jong diameter of the particle overlapped with these
four lines were NiSESHEREhY: UBHTFVErNIEE tafipef. WHEN ErGuL ines wére oF8ASpPING at the area of
the same particle; thesneasurement was: nof 30seformed rediuitlarithy ¢n -See all five photographs,
ICCtc... 150,particjgs yegre measT short d.iameter and lon determined as. the average diameterot the
rinooxide,d, 35 dividin the, average: lend diameter yrage,shorg daen was detepmined as she aspect
rati.o of the dins oxide, magnification, 125 dm was jndicated 83 1M csure may be
determined according to the intended degree of thermal
conductivity. In order to express the exoergic property of
15 the exoergic filler composition sufficiently, the addition
amount of The exoesrgic filler composition is preferably 10
o 90 volume % relative to the total amount of the exoergic
grease. The addition amount can be adiusted according Lo the
needed level of exoergic property. For the application
20 reguired betier excergic property, the addition amount ls more
preferably 30 volume % or more, and still more preferably 20
volume % or more.
{0036])
As the base o0il, one or mores kinds of c¢il materials

38
L

selected from the group consisting of mineral cils, synthesis
oils, silicone oils, fluorinated hydrocarbon olis and the Like
can be used. The synthesis oil is preferably a hydrocarbon
0il. As the synthesis oil, there may be mentioned v-olefins,
. diesters, polyocl esters, trimellitic esters, polyphenyi
3¢ ethers, alkylphenyl ethers and so on.
[0037]

The excergic grease of the present disciosure may
contain a surfactant according to need. The surfactant is
preferaply a nonionic surfactant. By adding the nonionic

35  surfactant, thermal conductivity can be improved and

consistency of the exoergic grease can be controlled



15 in the photograph. The diameter was measured to 0.01 cm and the digit of 0.00001 dm was
rounded off to average the measurement value. As for the aspect ratio, the sidnificant values were
limited to two digits and the third digit was 5rounded off. The ESA diameter was measured by using
GEM IN: 12360 manufactured byMicromeritics. As. 1-ray daffractomter, AA: lll manufactured by
|Aitraku Corr:Gra:ion was used. 100471 10(Measuﬁﬁg method of particle diameter of zinc oxide
particles used in rgomp rative Examples) As for the zinc oxide particle used in Comparative
Example, the pri Qﬂﬁﬁirticle diameter thereof was determined from SEM photographs by the
following method. Photdgraphs 615 €ath AREIGGEE Particieahéré fakeit al ite 1584t ons by using
Scanning Electrare Microscope ¢1584 B40l Fahanufactped ©y:FEOY Ustd) at 53008/ mgnification to
obtain five photographs with imagepaiis eh 9 emwarmnsside dnd:d2«crhdeng side. In each
photograph, one line was drayn parallelto the: narrow 20 side from the middlepoiat efthe long side,
another line parallel to the long side fro_rrl;tbje,midedlePglqtagnfﬂ.tgg nargow, scldg; tT.X\{ggIL%gonal lines were
drawn, and shortdianiétetarid ?oon*d”cﬁéﬁé“téf of the T)arf’fcfle‘ 6VQTde§ed with these four lines were
measured by usiRGVERTEFEANIErS TheaVafage Jf HhESE Y8 VHIGEE WAS UEtEmRInEY 48 Berage primary
particle diametergifithelinzage arckthél avérszfeo of ol fivevintages Wals detetatinéd & SEM-observed
primary particle diameier{SEM ghianeter), Ihedmeasuretevalyewagcmeasuyédio 00 pm and
(rjounded tO(two dsekreahg@cféf@, zsﬁ\g%g%g@%% rgsults were shoywniinTabde 304 The particle
iameters (SSiAparticiediameter) determined from BET specific, surfac eaand.absolute specific
pravity were shown in Tabfe” ,yt%)x ; Tr%%tlf%%leeaéﬁ%rﬁéﬁ?of' %%Ft'clé%d%m%%r BSaIi'EﬁLIE’R-BD, the particle

diameter was meR3ufedMB G 0nT Bm ERd toiRdEE o th7ée debimarpRtas (b avefaged. 35[0048]

[Table 1] 16 SEM patticléadiametyef (PAT)SHapEf pariitiySSe (21T SSA PartickFdrameter

monoesters, propylene glycol fatty acld moncesters, glycerin
15 fattyacidmonoesters, pentaerythritol fatty acidmonoesters,
sorbitan fatty acid monoesters, sorbitan fatty acid
sesquiesters, and sorbitan fatty acid triesters.
[oo39])
The effect of adding the nonionic surfactant depends
20 on the kind of the excergic filler, addition amcunt, and HLB
which iz the term showing the balance between hydrophilicity
and lipophilicity (hydrophile-lipophile balance}. Liguid
surfactants with HLB of not more than 9 ars preferred becauss
good consistency is obtained at room tempsrature, in the
75  practice of the pressnt disclosure. Anionic surfactants,
cationic surfactants and ampholvtic surfactants may be used
in the application such as highly exoergic grease where the
decrease of electrical insulation and electrical resistence
are not emphasized.
30 [0040]

The excergic grease of the present disclosure can be
produced by mizing the above menticned components using a
mixing apparatus such as a dow mixer (kneader), gate mixer,
planetary mixer and so on.

fon41]
The exoergic grease of the prasent disclosure may De

te)
wh

applisd to the exothermic body or the exocergic body. As the



(Pm) 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
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
Electron Microscope (31SM 840 F manufactured b§/3TESL 'std.) at 10 2000-fid magnification when the

SSA particle diameter was almost. ie%, om, azg 50 eéf%gmgggitéc%ci%g%n%r‘f{ :11).particie diameter
was ale-dist lei :ﬁﬁf‘é’ﬁ&%ﬁ&@@l@-’fol .Tﬁggnﬁ?éa ion When the Sieparticle diameter was almost 0,1

pm, respectively2te BhRAR-fvE FHEtSGFEhS WBPTRAGE parts ot D B figfrow 1% side and 12 cm long
side. In each phategraph, mone fine wasidrawniparafleitothesafow Siie FR3if RS MidEre point of the

long side, anotherling paraliel to-theleng-sigeomethe=middiespcint obthe:ndroviside. Two diagonal
ines were drawin, and shiprt diameter.and lone liameer of the paricle.20:0veriapped sath these four
lines were measu_recf Dy using vernier caliper. The average of tljr]%eb\éa%gét\ggg%tegmned as
SEM-observed p?ﬁﬁai'y 6artlélse dismeter M alarﬁeter) of each’image. ({0050]-1 25 _Prgparatlon
Examole 1 PrepaadioR-6f rfecié hapear#ne oxide partics Eie\ﬂ/%ltse?‘@%‘ fimi,) &t 55 GO Was charged
into a 811 reactioretankiard zincichlovesaquedassolulion GTPE35GIE™* Eohgénftation 1500 fet (1.48
mol on zinc chloride basis)kand S-sediwsrhydrexldecagueousisereheren print method
10 may be performed using metal mask or screen maesh. By applying
the composition of the present disclosure between the
exothermic body and the exoergic body, it is able to
effectively remove heat from the exotharmic body because heat
transfer from the exothermic body to the exoerglic body is
15 performed efficiently.
[o042] o
The excergic filier can be used as & coating CORpoSLTION
obtainad by dispersing the filler in a resin sclution or
dispersion liguid. This exoergic coating compesition is one
20 aspsct of the present digclosure. In this case, the rasin
sontained in the composition may bs a hardenable one oL &
nen~hardenable one. The resin may include the exenplified
resins which can be used in the resin compesition mentioned.:
above. The coating composition may be a solvent type one
25 containing organic solventis or an agueous Lype one contalining
a2 resin dissolved or disperssd in water.
{0043]
The method for producing the coating compesition s 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.
[ooa4]
The addition amount of excergic filler composition in
the excergic coating composition of the present disclosure
35 may be decided according to the intended degree of thermal
conductivity. In order to express the exoergic property of

the excergic filler composition sufficiently, the addition



17 niL (2.07 mol on sodium hydroxide basis) are added at. the same time for two minucesH under
suffichehr stirring, irrejHatinb Ultrasonic at freguency20 kHz by use of ultrasonic Irradiator (US-60CT
manufactured by Nippon Seiki Co., Ltd.) to produce 5 a oreeibitatee [00511 The obtained
precipitate was filtered, washed with water and dried to obtain a white powder. This powder was
subjects), to X-ray diffraction to igentiry the powderlés erns 10 oxide. The spec:fhb surface area of this
zinc oxide was 4 accordinb to.niirogen adseratiopmethoh Herenatter, dhesperfipssutace area was
measured in the Same way). The average short diameter Waﬁ‘g. ﬂAij,?‘ pm, the avergg&ea!,(l)ng diameter
0.9894 pm, and tHE°48pett ralis £42 15[6052['BrEpartion Example 2 Preparation of needle-shaped
zinc oxide particlesbd/hits poweep wWHSBLEITEE B IORGWHTY e Sarte PFICEIRTE B At of
Preparation Examgpte dhexeept thattther2G sediurachydronide agduabussalgton 0f 2AZ G
concentration. 750.m {2 66 bah.an sodigm bydraxidesbasis) was used_:This powserands subjected to
X-ray diffraction to_identify the bbutihar, as zine oxide, The specifaGe surface area of this. firh) oxide
was 40 ct/q. Tne aVeTfeag“e Shbrft diameter was 0.02.95 pm, 25 the average long diameter 0.1534 um,
and the aspect ratﬁ@‘%’??‘?f@d%] (Examples 1 to 8) Resin molded articles were prepared by mixing
ILEA resin (Rexpddrf 261150 manufactured by Japan Polyethylene 30 Corporation), the
needle-shaped zinc oxide=patticlé afPreparatorsExample L op 2rand Viakidis exeergieSllers of Table 2
at 160'Cas sgown in,fahle 2:and then; pressuse melding. Thessweresmetded to deomoteed articles
with 50 mm x 2 mm (diameter x thickness,). Thermal canductivity of the molded 35 articles were
measured. In addifion, thermal conductivity was measured at 25 C according to the method with heat
flow meter. The restiits&dere shown in Table 2. 18 [0054] (Comparative Example 1) Thermal
conductivity was measuréer By Tafiofing the $8rT procetire'as it of ExampIE EXEEMt that the
exoergic filler 5 wasenetadded sFhevesultwaseshonarin Table 2. 10055] (Comiparati?e Example 2) A
molded article was-@htained fy,using the same

(MeasuringmethodofJxmgwﬁaﬁﬁter,shortdiameter,andaspect

ratioc) _

Photographs of each zinc oxide sample were taken at five

1

1

e Ay gy

“are Sy By
1200 LSS E S SR

locations by using Transmls
20 {TEM-1008% manufactured by JEOL Ltd.) st ¢

macnification to obtain five photographs with image parts ol

1§3

12 cm narrow side and 16.5 cm long side. In each photograph,
one line was drawn parallel to the narrow sidse from the middle

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

2
from the middle point of the narrow side. Two diagonal lines

o)
U

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
2t the area of the same particle, the measurement was not

30 ™ reduncantiy.




compositionasthat 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 2. 15[0056] (Comparative Examples S and 4) Thermal
conductivity was measured by following the same dfocedure as that of Example | except that the
exoergic filler was replaced with alimina 20 pm.only.or the.combination.of 20 alumina:L0 pm and 0.8
pm. The results Were shown in°Table 2, [0057] 19 [Table 21 Caomparative Example 516F21211 10 1
IC F 1012110 '19D16¥1" Rtagnesitnr oXitle fhiautizzotored by Sakail Coemica, Toduszve,1 (SEM
diameter 10 111(;dsursment value. As for Th SeEs

o o e 2 + S o =
p BRETESOT ratlid, ThE SL1dnNLIioally
e we

{0047}
i0 {Measuring method of particle diameter of zing oxide particles
used in Comparative Examples)
as for the zinc oxide particle used in Comparative
Example, the primary particle diametsar theresof was determined
from SEM photographs by the following method. Photcgraphs of
15 each zinc oxide particle were taken at five locations by using
Scanning Electreon Microscope (JSM 840 F manufactured by JEOL
Ltd.) at 50030-SoLd magnification to obtain five photographs
with image parts of 9 cm narrow side and 12 cm long side. In
sach photograph, one line was drawn parallel to the narrow
26 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 diametey and
long diameter of the particle overlapped with these four lines

were measured by using vernier caliper. The average of these

25 values was determined as average primary particle diameter
of *he image and the average of all five images was determined
as SEM-observed primary particle diameter (SEM diameter).
The measurad value was measured to 0.01 um and roundsd Lo TwWo

30

35 {0048]

frable 1)



Magnesium oxidel manufactured by Sated1 Chemical Indiletv'e (Sal diameter 2 mil Meonesivv, oxidel
- H manufactured ley Sakai! zChemical. Industry 1p4.9N1(2 oe (SEN diameter 1 pu) | IMagneaeom
oxideF. Imanufactured by Sakai -- | Chemical Industry u (54:44 diameter 0.1 pr) m ! !F Large patrticle
zinc loxide manufactured by gSakal Chemical industry L19ZINC-11 Large particle zinc oxide:
manufactured byl Sakai Chemical 1Industry 4(144INC-2 IFine particle zinc 'oxide manufactured by !
Sakai Chemical Industry FINE:4-30 Alumina 20 um

i SSA particle
SE& particle Shape of S8R d‘p :
diametver article (n2/e) iameter
(um)} e m /g (m)
FINEX-30 0.036 grain 30 0.035
shape
Zinc oxide grain
.3 0.3
JIs 1 ¢.32 shaps 3
{0049]
(Measuring method of primary particle diameter of magnesium
oxide)
3 The particle diameter (SSA particie diametexr) was

determined from BET specific surface area and absoluts

specific gravity. Photographs of each magnesium oxide

particle were taken at five locations Dy using Scanning

Electron Microscope (J5M 840 F manufactured by JEOL Ltd.} at
1w ford maonificats ' 532 particle Jdlameter Was

At o 4

. o
most 10 um, at

;7 0,1 um, respectively,

3
oy
6]
ot
O

[t
I
1)

e

he with image parts of % om narrow

15 side and 12 cm long side. In each photograph, ong line was

drawn paralliel to the narrow side from the middle point of

Fh

the long side, another line parallei 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 particls

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

{oosc]

25 preparation Example 1 Preparaticn of needle-shaped zinc oxide

particle a

Water (300 mL) at 55 °C was charged into a 3L reaction
tank, and zinc chleoride agueocus solution of 135g/L
concentration 1500 mi (1.48 mol on zinc chloride basis) and

30 sodiumr nvdroxids agueous sclutio ConTent o G20




147.91

11 20.51 !62.9161.9!12.91,62.91 62.9162.91 1 62(9159.6 62.90.34.2i!14.1 |

10

15

20

30

L
L

LrraniatTins
e AN e L el

D A T e
e Lrradiator

to produce

] : (L2427 um, the average long
diameter 0.9%894 um, and the aspect ratioc 4.1,
[c052]
Preparation Example 2 Preparation of needle-shaped zinc oxide
particle b

White powder was obtalned by felloewing the same

procedure as that ¢f Preparation Exampis 1 except that the

{Examples 1 to §)

Resin molded articles were prepared by mixing EEA resin
{Rexpearl A-1150 manufactured by Japan Polyethylene
Corporation), the needle-shaped zinc oxide particle of
Preparation Example 1 cor 2 and various exocerglc fillers of
Table 2 at 160 “C as shown in Table 2 and then pressure melding.

These were molded to be molded articles with 50 mm x 2 mm

{diameter x t Thermal conductivity of the moldead
articles were mesasured. In addition, thermal conductivity
was measured at 25 °C according to the method with heat flow

meter. The results weare shown 1in Table 2.



120 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 5 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 manufacttired by JAPAN EPDXY RESIN Co., Ltd),
needle-shaped ziric oxide particle a and magnesium oxides having SEM diameter of 10 pm and 1 pm
respectively (both Weré manufactured by Sakai Chemical Industry) were mixed as shown in Table 3,
and the obtained G Wals'mjécteBFihfo &' die with 50 mm x 2 mm IS (diameter x thickness) and
heat treated at 80 C for 3ttrours tcobtainta miclded: antickes Thedthorival conduztivigy oftise molded
article was measpred ang:the sesuitrwas show in1Table-3.:[0060] 4.0{Gompasative:Example 5)

Thermal conductiyity was megsured hy.followjng the same procedyte.as that of Example 7 except that
needle-shaped zi;/‘lc oxide particle a was replaced with the zinc oxide IS 1 manufactured by Sakai

Chemical Industry*44 sh wn in Table 3. 25 The result was shown in Table 3. [0061] (Comparative
Example 6) ThernidisomdrictiVity Wa&Hi&asured by following the same procedure as that of Example
7 except that the exoergke filteid30 was keplacedswith igmith 19 priiand 008 piae’s shown in Table 3.
The result was showpds Falkle 3:[0062](T abled]: Fillerthermat eonductivity0.4{0063% ¢Example 8)

10 zinc oxide particle b was replaced with fine particle zinc
oxide FINEX-30 manufactured by Sakai Chemlcal Industry in the
proportion ghown 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 [oosel
{Comparative Examples 3 and 4)

Thermal conductivity was measured by following the same
procedure as that of Example 1 except that the exoergic filler
was replaced with alumina 20 um only or the combinaticn of

20 alumina 10 um and 0.8 um. The results were shown in Table 2.

foos7]



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 having SEM diameter of 10 am 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 co’r?]posmon Then, the resin composition was further

molded to obtain
the molded articl

Fhe

molded

s a'al If\ I’\A
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fa¥al
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no
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rticle with 50 mm x 2 mm (diameter xthickness) . Thermal conductivity of
ured and the result was shown in Table 154. [0064] (Comparative

Example 7)
Example 8 excep
manufactured by

Sakai Chemical Indus
[0065] (Comparative Example:-8).25The
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in Table 4. [00661

d with al

umina 10 pm and
F 8w, Fkis[ -'1

quaoal‘atlve Example 7JE?<ample I

J Szﬂqodez

|

[Table 4

b

iy

sianev-m 0

iiDJ

=3
4]
Y
4

Magnesium onids
nanufactured by Sakail
Chemical Industry
{SEM diametsr 2 um)
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14 114 1 i Curing aaenf for silicone resin OM7 zff 1 Needle-shaped zinc oxide particle a Magnesium
oxide manufactured by Sakai Chemicallndustry(SEM diameterIM aill 32.7 .erroxide manufactured by

Sakai Chemical Industry(SEM diameter | pm; .9 12 Zinc oxide frIS | manufactured by Sakai Chemical
Industry 11.0
20

Trom 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 excergle
filler compeosition of Comparative Examples containing the

5  same or almost the same volume % of fillers.
[ocs9)
(Example 7)

Epoxy resin (JER 828 manufactured by JAFPAN TPCOXY RESIN

Ca., Ltd), curing agent for epoxy resin (jER CURE 37 12

10 menufactured by JAPAN EPOXY RESIN Co., Ltd), needle-shaped
zing cxide particle & 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 » 2 mm

a1

(diameter x thickness) and heat treated at 80 °C for 3 hours

[T
n

to obtain a molded article. The thermal conductivity of the
molded article was measured and the result was shown in Tabie
3.
[ooso]
20 {Comparative Example 5}

Thermal conductivity was measured by fellowing the same
procedurs as that of Example 7 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 3.

25  The result was shown in Tabls 3.
fooez}
(Comparative Example ©)

Thermal conductivity was measurad by following the same
procedure as that of Example 7 except that the excergic filler

30 was replaced with alumina 10 um and ¢.8 um as shown in Table
3. The result was shown in Table 3.
[o062]
[Table 3]



IAlumina IC " i Aiurnina CSurn 1 ,,i,0 i conductivityThermal.0 [00671 (Example 9)
(KF-99 manufactured by Shin-Etsu Chemical Co., Ltd), needle-shaped zinc oxide particle a and two
kind of magnesium oxides having SEN.diameter of 10 pm and 1 um (both 10 were manufactured by
Sakai Chemical Industry) were mixed as shown in Table 5 to obtain an expergic grease. Thermal
conductivity of the exoergic grease was measured ahd the result was shown in Table 5. [0068]

15(Comparative Example 9)

Silicone oil

Thermal conductivity was measured by following the same procedure

wn in Table

as that of Example 9 except that needle-shaped zinc oxide |patticie é?fl\??.ﬁ?fé’pﬁaéé‘ﬁlwﬁﬁthe zinc oxide
. 7 R I,
JIS 1 manufactured by Sa',\u. Chbmiggd»:.fgg&gtry as-shewrTablte20-theresult-was-sh
5. [0069] ) ring agent {or epoxy resin & & £
5 T Weedie-snhaped zinc OXide particle & e :
5 o i
B f‘i Maygnosium oxigs m:«n_rqw‘;rev vy %Ka: 10,8 in. g
b, | Cmemicel Industry U
3B Magnesium oxide mamufactured by Sakal P
e - N . B 4.2
= ¢ Chemical Industry (BEM diawster i umj E
::3, Tl owine oxide JI8 1 manufactured by Sakail 5 e
Chemical industry -
Alumine 10 um . 14
Eijumina (.8 um : ! 2 i
Frlley (veolume %; i Z= 23 2k
Thermal condusTivity (Wim< ¥ P 4.5 0.4
foce3]

10

—
L

20

{(Example 8)

Siiicone resin (KE-103 manufactured by Shin~-Etsu
Chemical Co., Ltd), curing agent for silicone resin {CAT-103
manufaciured by Shin-Etsu Chemical Co., Ltd), needle-shaped
zinc oxide particle a and two kind of magnesium oxides having
SEM diameter of 10 pmand 1 um (both were manufactured by Sakail
Chemical Industry) were mixed as shown in Table 4, and the
ocbtained 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 articie with 50 mm x

2w {diameter x thicknzss). Thermal conductivity of the
moldad article was measured and the result was shown in Table
4.

{0064}

[Comparative Examples 7)

Thermal conductivity was measured by following the same
procedures as that of Example 8 except that needle-shaped zinc
oxide particle a was replaced with the zinc cxide JIS 1
manufactured by Sakai Chemical Industry as shown in Table 4.
The ressult was shown 1In Table 4.

[0063]
(Comparative Example 8}

Thermal conductivity was measured by following the sam

(‘0

procedure as that of Example 8 except that the exoergic filler

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



(Comparative Example 10) Thermal conductivity was measured by following the same procedure as
that of Example 9 except that the exoergic filler 25 was replaced with alumina 10 pm and 0.8 pm as
shown in Table 5. The result was shown in Table 5. [0070] 23 (Table 5] ExampComparatperceive
9mpl Silicone 0 Thermal cond(WimK) 100711 (Example 10) As shown in Table 6, epoxy resin
(JER 828 manufactured by JAPAN EPDXY RESIN €o., Ltd), toluene, needle-shaped zinc oxide
particle a and twg kingl of masqlrigsi%msoxigegnh%vjlngasa M iameter of 10 pm and 1 pm (both were
manufactured by Sakai CHémical Inausfsryfwere‘mlxe and dispersed by disper to 10 obtain an
expergic coating clé?r%)@gition. The thermal conductivity of the exoergic coating composition was
measured and thd resukt wds shown in Table 6. [0072] (Comparative Example 15Thermal conductivity
was measured by following-the same procedure-as-that-of Example-10-exeept-that-needle-shaped zinc

4 e m~ g

LS S A7 A e
Exampe e Conparative Comparallve

oxide particle a was replaced with the zinc oxide JIS 1 manhfae’[ured:;hypSakai @hemieal Industry as

shown in Table 6.i The_result was shovmrineTable 6. 2010073] (Comparative Examyile 12) Thermal
o : LR RS, LOT) Bi Lioone resin 57 (" [
conductivity was rrgeg:urﬁggg_ ‘gqﬁf':ty,aﬁ:“@ﬁ@%g cedre-as that-of-Exampte-t6-except that the
exoergic filler was teplaced With aluivina. -2 -pmand 0,8 pm as shown in Table 15 6. The result was
shown in Table 6.; 1Q0741efTed|@Bscry (3¢ dismever 10 wmi | ™7 - f
3 ™ Magniesium oxide mznufactured by Sakal e o U
:::&_: Chewmlical industry (SEM diameter @ uam) e e
:‘E ) Zine oxide JIS 1 manufzctured by Zaka: i 1o
Chemical Industry { e
Alumineg 10 pm 4z
Alumine 0.0 am is
Faller (volume %} 5¢ 50 54
Thermal conductivity W/ m K 2.8 1.8 1.6
5 fooe7]

{Example 9)
Silicone oil {KF-929% manufactured by Shin-Etsu Chemical

Co., Ltd), nesdle-shaped zinc oxide particle 2 and two kind

of magnesium oxides having SEM diameter of 10 um and 1 pm (both
10 were manufactured by Sakal Chemical Industry! were mixed asg
shown in Table 5 to obtain an exocergic grease. Thermal
conductivity of the exoergic grease was measursd and the
result was shown in Tabkle 5.
[coes]
(Comparative Example 9)

bt
L

procedure as that of Example 9 except that nesdle-shaped zinc

oxide particle a was replaced with the zinc oxide JIS 1

manufactured by Sakail Chemical Industry as shown in Table 3.
200 The result was shown in Tabkle 5.

[coes]

{Comparative Example 10)

5

Thermal conductivity was measured by following the sams
procedure as that of Dxample 2 except that the excerglic filler
25 was replaced with alumina 10 um and ¢.8 um as shown in Table

5. The resuli was shown in Table 5.
[oo70]



24 Addition amount (weight: part.) 1 jExamplel Comparat:ivelComparative 121Example 11Example 12
Epoxy resind 6.316.3;6.3 Toluene ..f.) 11.711.7 Needle-shaped zinc oxide particisa Mammesium
oxide manufactured by Sakai Chemical Industry(SEM diameter 10 am) 2f.r '1.8 Magnesium oxide
manufactured by Sakai

20

1
[Table 5]
i Example| Comparative
3 G Exampis @
Silicone oil B 5 i
. Meedle-shaped zing oxide particle s 3.8 !
o % | Magnesium oxids manviactured by Sakai i o i a
B Rl e o S T e iG.8 10
& & Chemica! Industry ( diameter 10 um b
= : . . s - N .
o E Magnesium oxide nanufactured by Zakal s
ot o . . . M | s, > N
7.0 Chemical Industry (SEM GiamsTer §oum
o
221 uins oxide JIZ 1 manufactured by $akal 4
i Chemical Industry -
Elumina 10 um is .
Eiumina (.8 um ! &
[ Flllisr {voiume %) 54 50 : 50
; Tharmal conducstivity {(W/im K} Z.1 1.2 ! g

{Exampls 10}

s shown in Table &, epoxy resin (JER 828 manufactursd
by JAPAN FEPOXY RESIN Co., Ltd), toluene, nesdlie~shaped zinc
oxide particle 2 and two kind of magnesium oxides having SEM
diameter of 10 um and 1 um (both were manufactured by Sakal
Chemical Industry) were mixed and dispersed by disper to
obtain an exoerglc ceoating composition. The thermal
conductivity of the excergic coating composition was measured
and the result was shown in Table &.

[oo72]
(Comparative Example 113

Thermal conductivity was measured by following the same
procedurs as that of Examples 10 except that needle-shapead zinc
oxide particle a was replaced with the zinc oxides JIS 1
manufactured by Sakal Chemical Industry as shown in Table &.
The result waz shown in Table 6.

[oo73]
{Comparative Exampis 12)

Thermal conductivity was measured by folliowing the sams
procedurs as that of Example 10 except that the excergic filler
was replaced with alumina 10 pm and 0.8 um as shown in Table
6. The result was shown in Table 6.
foo74]

[Table 6]



Chemical Industry(SEM diameter 1 um) 8a 8.5 Si ale oxide. 212 1 manufactured by Samal Chemical
Industry 117.2 Alumina IC um 1 20 Alumina 0.e um 17 assier(volumee: fs'i 1535
Thermalconductivitymg/m.)e.) L1.61

24

EpOXY resin
4 Taluene L
%:‘ Keedle-shaped zing oxide particle & 7.7
% g‘ Magnesium oxide manufacggr@d by Saka; 21 B 218
o o Chemical Industry (8B diameter 10 um:
550 Magnesium oxide manufactured by Sakal PR
5 1 Chemical industry (SEM diameter 1 um} SR 9.0
L
270 zinc oxide JI ufactursed by Sakal S :
Industry e :
L] 2%
L 1Z ;
% i 35
iWime B 1.4 1.6

[oo75
Judging from the results shown in Tables 3 to 6, it is
apparent that the exoergic filler compesitions of the present
5  disclosure have extremely high exoergic property compared
with the exoergic filler composition of Comparative Examples

containing ths same or ailmost the same volume % of fillers.

INDUSTRIAL APPLICARBILITY
w  [oo76]

The exocergic filler composition of the present
dizclosure is used suitably as the excergic filler for a resin
composition, an exoergic grease, and an exoerglc coating
composition,

15



.)i.)), 100751 Judging from the results shown in Tables 3 to 6, it is apparent that the exoergic filler
compositions of the present 5 disclosure have extremely high exoergic property compared with the
excergic filler composition of Comparative Examples containing the same or almost the same volume
% of fillers. INDUSTRIAL APPLICABILITY 10[0076] The exoergic filler composition of the present
disclosureisusedsuitablyasthe exoergic filler fora resin composition, an exoergic grease, and an
exoergic coating composition. 15 25 CLAIMS 1. An exoergic filler composition containing to 50
volume % of a needle-shaped zinc oxide having an_average long diameter of 0.1 to 10 pm, an average
short diameterof 0.025to 2.5 pm, aspect ratio defirié (average long diameter)/(average short
diameter) of 4 or more and snec - tO '53IT method of 50 or less, and 50 to 99 volumeof other exoergic
filler. 2. The exoergig-illex cormpeasitionlaccarding ta Claim dowthereimthe other excergic 1 s at least
one selected-leronhth% gg@ug&qg&stingofaziﬂg&ﬁ@e Aluminazdaich-pithenakumipum nitride, and

magnesium oxide. 3 A resm cgmr{:)osntu;@,le Pmp@%lng the%eg(ole(gg;ﬁnflll%r c%mpggg@rg@gcqrdmg to Claim
lor2.204. An exoerglc grease comprlsmgt e exoergic filler comgojs__ltlon qg:cordlng to Claim 1 or 2.

5. An exoergic coatifig BBmMBosition domphiging e éX6&r 25fiter Sotpotition aciording fo Claim 1 or
2. long diameter)/{average short diameter) of 4 or more and

i fic sur

(h
sk

o BET method of 50w So

regs aZ00XGlNg Lo DLa e oalosis

and

volume % of other exoesrgic filler.

2. The excergic filler composition according to Claim I,
wherein the other exocergic filler is at least one selected
15 from the group consisting of zinc oxide, alumine, horon

Rk ]

~
b i

(n

ide, s_uminum nitride, and magnesium oxide.
3. A resin compositicn comprising the exoergic filler
composition according to Claim 1 or 2.

20

h
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4. An exoergic grease comprising the exoergic

.

compesition according to Claim 1 or

[$3]

. An exoergic coating composition comprising the exocer gi

el

-

a
filler composition accorging to Claim 1 or 2.
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