SPECIFICATION ZINCOXIDEPARTICLE,METHODFOR PRODUCING IT, EXOERGIC FILLER,
RESIN COMPOSITION, EXOERGIC GREASE AND EXOERGIC COATING COMPOSITION FIELD
OF THE INVENTION [0001] The present invention relates to a zinc oxide particle, a method for
producing it, an exoergic filler, a resin composition, an exoergic grease and an exoergic coating
composition. BACKGROUND OF THE INVENTION [0002] Zinc oxide is widely used in the various
industrial fields such as rubber accelerators, pigments for coating compositions and inks, such
electronic components as ferrite and varisior, medicinal products and cosmetics,As one of various
applications of this zinc oxide, an exoergic%ﬁl%?%%%%gégbroposed (see Japanese Kokai Publication
2008-19426, Japanese Kokai Publication Heill-246885, Japanese Kokai Publication 2007-70492,

Japanese KokatRiblisationm2q02:20 M83)cHewave s rluminagnoral yhaiwie nitride argusually used

widely as th rgic.fi refore, zj Ide is_hardly turned i ual utilization compared to
these compgﬁi%cg [O%E%%? 65{@&0@e’ve?}%§%ﬁ§?ﬁ§ia§ %%&%)%Ieﬁﬁﬁaﬁ%{gﬁgﬁggmaé%ﬁﬁ&g jecome worn
abundantly #O#EISr68EUEHON process of exoergic sheets and so on because Mohs hardness of
alumina is high. Further, it is difficult to fill aluminum nitride into a resin in high concentration, because

of poor ﬁ”in%fﬂ ery. 'P}&ddjm # Inum nitride is expensive, so exoergicpartsmade thereof is
expensive. Therefore, new exoergic fillers which are made of other materials than such conventional

materials arel R66ddd. [0004] Zinc oxide has almost intermediate thermal conductivity between

alumina and alumineie nitrideand isssuitablefor-tesexeendic filler.Hdoweves zine-oxides, which are

used Widelyag‘orﬂ@qt%stgal% are fineo %réicles hﬂ_ﬂ/ing ggrti%go%i%mieter ?ﬁ p% %reater t@gnil pm. Such

zinc oxide fine par |q?es are ]ﬂar%f:y lised because héat ré&igtance between pérticﬁes |s$1|glfh and

exoergic préperEPisliRdafiiciedt) exoergic grease and an exoergic coating
composition.

BACKGRCGUND OF THE INVENTION
[0002]

Zinc oxide is widely used in the various industrial fields
such as rubber nocelerators, plgments for coating compositions
and inks, such electronic components as ferrite and varistor,
medicinal products and cosmetics, As one of various
applicaticns of this zinc oxide, an exoergic filler has been
proposed (see Japanege Kokail Publicaticon 2008-19426, Japanese
Kokai Publication Heill-246885, Japanese Kokai Publication
2007-70492, Japanese Kokal Publication 2002-201483).
However, alumina and aluminum nitride are usuzlly used widely
as the exoergic filler. Therefore, zinc oxide is hardly turned
into actual utilizaticn compared to these compounds.

[0003]

However, alumina hzs a preoblem that kneading machines
become worn abundanfly in the production process of exoergic
shests and so on bscause Mohs hardness of alumina is high.
Further, it is difficult te fill aluminum nitride into & resin
in high concentration, because of poor filling property. In
addition, aluminumnitrice is expensive, g0 exoergic parts made
therecf is expensive. Therefore, new excergic fillers which
are made of other materials than such conventional materials

are needed,



[0005] On the other hand, in the field of electronic components, a thin film layer is formed using
exoergic filler containing-liquid products such as exoergic greases and resin compositions, for
example, coating compositions. There is a probler that the thin film layer cannot be obtained when
coarse patrticles are contained in the exoergic filler.Coarse particles having particle diameter of 50 pm
or more must not be contained in the esoergic filler to apply the filler into the exoergic grease, Zinc
oxide of which particle size distribution kept under control is unknown to the public. [0006] On the
other hand, the method of designing particle size distribution to enable closest packing by combining

two or more fifl8%f various particle size, in order to achieve better thermal conductivity (see
Japanese Kokai Publioation 2892201488y sthereferaneiicbkidesaiiale showitgtsharpyparticle size

distribution gad.having, large particle diametenis regdired. Thamethod afdbaking with the=use of flax is

known for increasig Cghg ,p}ﬁa{fticle dllgmeter gf inprg%nicycio ponijqu]l%sc. Howgv%r* é Z%L”(feﬂ)(ide particles
obtained by"stﬁ%ealbove mentiohed MtHod show Broad barf?csie SiZze Hisf%rl ‘-’utlo“p and catse a problem
that coarse Particledprodiedd i theBalkngzare aiked mid Hwdestied preddetngeBo7PL It can be

expected thab new eifest; whighresultedsfrem physisalipropaties.difeientdrom-eammenyones, will be
achieved by, ysing,the zinc.0xide partcles having large particle. diamater, and showing. specific partile
size distribution In the" above-mentioned various applications of zint oxide other than the exoergic filler.
DISCLOSURESRIINYENTIONOBIE CMOH THEINVETION [0006] The object of the present
invention is tpapyeyide zinc oxide particle that can be used more suitably than common zinc oxide in

the application sucf 25,3 ex9e1gis fler 1 59,0 PRQBLEM 1Q 85 SOLVEREY,THE INVENTION
[0009] ’ © S

a thin film layer 1s formed using exoergic Zfiller
containing-liguid products such as exoergic greagses and resin
compositions, for example, coating compositions. There is =z
problem that the thin film layer cannot be obtained when coarse
particles are contained in the exoergic fillier. Coarse
particlea having particle diameter of 50 um ox more must not
be contained in the esoergic filler to apply the filler intc
the exoergic grease. Zinc oxide of which particle size
digstribution kept under control is unknown te the public,

{0006}

On the other hand, the method of designing particle size
distributicon to enable closest packing5by'combining‘tWQ Or more
fillers of various particle size, in order to achileve better
thermal conductivity (see Japanese Kokal Publication
2002-201483). Therefore, zinc oxide particle showing sharp
particle gize distribution and having large particle diameter
ig required. The method of baking with the use of flax is known
for increasing the particle diameter of incrganic compounds.
However, the zing oxide particles obtained by the above
mentioned method show broad particle size distribution and
cause a problem that coarse particles produced in the baking
are mixed into the desired products.

10007]

It can be expected that new effect, which resulted from
physical properties different from common ones, will be
achieved by using the zinc oxide particles having large particle



The present invention relates to a zinc oxide particle having a median size of 1 to 30 pm and D90/D10
of 4 or less. The zinc oxide patrticle is preferably baking a raw zinc particle in the presence of
ammonium bromide. The zinc oxide particle isgoreferably obtained by mixing the raw zinc particle
and 0.1 to 10 weight % of ammonium bromide relative to said raw zinc particle, and static baking the
mixture at 600 to 1200 t. [0010] The present invention relates to a method for producing a zinc
oxide particle, comprising baking a raw zinc particle in the presence of ammonium bromide to obtain
the zinc oxide patrticle. It is preferred that ammonium.bromide is added in the proportion of 0 .1 to
10 weigh rELTE 16 6B DD THE St e BARNG 1S gt ed h tAtc DML 00 to 1200
C.  The piesentimmentionadlates ioan expergivfillevroomprisinetiveciine oudepdiiee.  The
present inveption:ielatesite agtesin gomposition comprising the zinc oxide particle.  The present
invention relates to an exoergic grease comprising the zinc oxide particle. The present invention
relates to an exoergic coating 4 composition comprising the zinc oxide particle. EFFECT OF THE
INVENTION JGUEL) S URIT HeEZint 'sddiel pdirticle of the present invention can be used suitably as the
exoergic fillggfafcvarionsaxoergiePartsy such as exoergic sheets and exoergic greases even though it
is large partigle, because the mixing of coarse particles having particle diameter of 50 um or more is
almost nevefﬂ%g ned and the particle size distribution thereof is sharp. Furthermore, the zinc oxide
particle can be use@ie tiiofields stiubberpteskeridtols igibalts idr doatitrabmBo&itibAs and inks,

such electrgpic gorppoRaisas: ferdte and-vatisien megicipal peodustsiand suelneasmaties as

foundation gg(iggnfgr%%%, application such as an excergic filler and so on,

PROBLEM TO BE SOLVED BY THE INVENTION
[o009]

The present invention relates to a zinc oxide particle
having a median size of 1 to 30 ww and D8CG/DLO of 4 or less.
The zinc oxide particle is preferably baking a raw zinc particle
in the presence of ammonium bromide.

The zinc oxide particle is preferably chtained by mixing
the raw zine particle and 0.1 to 10 weight % of ammonium bromide
relative to said raw zinc particle, and gtatic baking the
mixture at 600 to 1200 C,

[oc10]

The present invention relates to a method for producing
z zine coxide particle, comprising baking a raw zinc particle
in the presence of ammonium bromide to obtain the zinc oxide
particle.

Tt is preferred that ammonium bromide is added in the
proportion of 0.1 to 10 welght § relative to the raw zinc particls
and the baking is performed by static baking at €00 to 1200 C.

The present invention relates to an excergic filler
comprising the zinc oxide particle.

The present invention relates to & resin composition
comprising the zinc oxide particle.

The pressnt invention relates to an exoergic Jrease
comprising the zinc oxide particle.

The present invention relates to an exXoergic coating



BRIEF DESCRIPTION OF THE DRAWINGS 100121 FIG. 1 is a scanning electron microscope
photograph of zinc oxide particles of the present invention obtained in Example 1, FIG. 2 shows
particle size distribution of zinc oxide particles of the present invention obtained in Example 1.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS [0013] The present invention is
described in more detail below. The zinc oxide particle of the present invention has a median size of 1
to 30pm and D90/D10 of 4 or less. That is, the zinc oxide particle is one having larger particle diameter
and showin% grrén%!lse{ %/%L{re %f %99/081011tha)9hcon£/entional.%inc oxidcei%%réicles (that is, coarse particles
having extremeﬁ'/-large palrtlc?e Hizneter are Emall n a?r%%‘ur?t)?‘?ﬁis Zinc oxide particle is not common
knowledge and is obtained by the inventors for the first time, [0014] The median size is also called
D50. When powter i divided hyvpartickevdiameter based on the median size into two groups, bigger
group and svr\?eagﬁrlﬁroup have equal amounts. 050 and 090 correspond to the point where the
cumulative weight ffom the small-particle-diameter side reaches 10% and 90% in the cumulative
particle size distribfieh, DIT: 050, dPo00 ke v ahdes Hetemsined by Meibiing theTpdificle size
distribution, yespestivelyh The: partiele sizerdjstribution:is measuiechiy wsiog taser giffractjon/ scattering
particle size_distribution r% 320 1y, nuf red by B er).according to the
present invésr?%?o%%%o%g?g%g‘iﬁe %?vé?ﬁrr%?éf% é’r%?éﬁé‘a}nﬁs%% Fsgié.oei(:‘fné(a:r‘?c? rgn%l#g é?(ta.fgr%ably 1.5 pm.
The upper linfiE RS Hickid® siRERB0 Pt BRIYHOHE PreferaBREZF pr o0I6FS D FRelParticle shape
of the zinc axide: palticle oftke present inyentienis notipadicutasly heted, bubinatedesmeedle shaper

Aeckershape sphercalstipacodsnan Prelyany, e paridesiape s nearl

bar-like Sha@ﬁe%
spherical shape. In addition, the particle shape can be observe anning Electron Microscope

(JSNL5400ﬁﬂﬁuﬁé&ﬁnﬁ¥%§%E&ﬁ?Eﬁﬂ%e can be used in the fields of rubber

accelerators, pigments for coating compositions and inks, such
alectronlic compenents as ferrite and varistor, medicinal
products and such ceoametics as foundation and sunscraen,

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG, 1 ig a scanning electron microscope photograph of zinc
oxide particles of the present invention obtained in Example
1.

FIG, 2 shows particle size distribution of zing oxide particles

of the present invention obtained in Example 1.

DETAILED DESCRIPTION (OF PREFERRED EMBODIMENTS
[0013]

The present invention is described in more detail below,
The zinc cxide particle of the preszsent invention has a median
size of 1 to 30um and D%0/D10 of 4 or less. That is, the zinc
oxide particle is one having larger particle diameter and
showing smaller value of D20/D10 than conventicnal zinc oxide
particles (that is, coarse particles having extremely-large
particle diameter are small in amount). Thig zing oxide
particle is not common knowledge and 1s obtained by the
inventors for the first time,
fooid]

The median size 1s also called D5O0. When powder is



10017] In the zinc oxide particle of the present invention, the proportion of coarse particles having
particle diameter of 50 pm or more is preferably not more than 0.05 %. The proportion of coarse
particles having particle diameter of 50 pm or morg can be measured according to JIS K1410 zinc
oxide/sifted residue test. [0018] The zinc oxide particle of the present invention can be produced
by baking a raw zinc particle in the presence of ammonium bromide. This method for producing the
zinc oxide particle is one aspect of the present invention. The method for producing a zinc oxide

particle is described in more detail belgw. [0019 In the method for producing a zinc oxide
particle of th%lgﬁe(g%ﬁt ﬁvgﬁﬁgﬁ,%{%\%]ﬂﬂ% Bgﬁié@%%is (&geﬁl_’aes%er v Irﬁa‘at(la‘ﬁgl.J‘ﬁ%e‘3 r%v‘flczinc particle
is not particgladytimitkd ¢ieis converatermtleddersybakircapduhe rrmmay be-mditidned zinc
oxide, zinc ghleridey zine suliaiendine carbonala Zinf-acetale anmsoAN-Ragicuiary rthgdaw zinc

particle is preferably zinc oxide. The raw zinc particle preferably has an average particle diameter of
0.6t00,8 pr’rt(‘?1 Thaﬂg%;e agé Bgﬁ?&g d@?ﬁ%ﬁ’&%’? thé ?gwﬁ?ﬁc%%?ic?é 5 %gsgr%e% B“)’"/Ha%?b@ermeability
method. [0020@Fu L a tTeez ineihdde iiich ¢s disetzisoa rawmatdtidl is Pot particulaPy limsiged, but the

zinc oxide pyedyced byfrancedaw, AmeHea Law and giher commonaetheds tanbeused.
Particularly, zinc ox%g](e) w?ich is roduceg by.French Law is preferably used because the zinc oxide

has few impﬁfﬁ%g.c 217 - \6 nhistho orep?odzuecircfg A Zinc oxide paﬁiclpég%?%he pres%nt invention

is characterizeti sy etkaigdi e prascriee sFaRRoAREIROMIdE & e prbdtictidn ot organic
particles, thghaking:h the presencerof flesdnaybe pesfermeddo ingreaselpaiticie.diareter thereof.
The inventoErls fooup%@at,twh%%gmmgggj& b£?rygdneaifo%sed as flax in this baking, the particle size
distribution f the obtamed zinc oxide barticles%ecame sharper than when other compounds were
used as flax.[0625]  Ammonium bromide is added in the amount of 0.1 to 10 weight % relative to
the raw zinc particleg,as asaw-materiat. |btheragditier level isiless thamQ.dyweight Yemenergy costs
increase beﬁ%(%%e it hecomes.difficult for the raw zine r&)latrti?%s 19 Qr%‘é’d f the addition leyel exceeds 10
weight %, pro uc?ivﬁy i poor because mangj toarse particles occur leading to decrease yield ratio of
desired pro#ictanAsTermerdddificit feviel HF alfimonium bromide, the lower limit is more preferably 0.2

[oo16]

The particle shape of the zinc oxide particle of the
present invention is not particularly limited, but includes
needle shape, bar-like shape, plate-like shape, spherical shape
and go on. Preferably, the particle shape is nearly spherical
shape. In addition, the particle ghape can be observed by
Scanning Electron Microscope (J8M-5400 manufactured by JEOL
Ltd.}.

[o017]

In the zinc oxide particle of the present invention, the
proportion of coarse particles having particle diameter of 50
pm or more is preferably not more than 0.05 %. The proportion
of coarse particles having particle diameter of S0 uym or more
can be measured according to JISK1410 zinc oxide/sifted residue
test.

fooie]

The zine oxide particle of the present invention can be
produced by basking a raw zinc particle Iln the presence of
ammonium bromide. This method for producing the zinc oxide
particle 1s one aspect of the present invention. The method
for producing & zinc oxide particle is described in more detail

below.



7.weight t and the upper limit is more preferably 5 weight [0023] The zinc oxide particle of the
present invention can be produced by mixing the raw zinc particles and ammonium bromide according
to the common manner and baking the obtained mixture. The baking is preferably, for example, a
static baking with use of tunnel kiln or shuttle kiln, from industrial viewpoint. By static baking, particles
fuse with each other and particles growth proceeds effectively, and thus zinc oxide particles having
large particle diameter can be obtained effectively. (0024) The baking was performed at 600 to
1200C . When the temperature is less than 600C, it is not preferred because particle diameter may
not increase Eﬁﬂ‘ﬂc ntly. When the temperature was exceeding 1200C, it is not preferred because
many coarse particlés dd¢cumerichyield omay becdecreased: {00264 1ide Hhezind exide padicles

obtained bydhe above methed have,a-sharp paricle sizedisiibytian, butthe gine pxide particles may
be pulverlzegg\i;_lor classified usmgfa sieve if sharper particle size distributign is required or in order to

remove a feW'Sodre8 paHicieS e firsthdd of BllvBAZINGTE Hot phrtictibrPinitdd blt inéludes the
method usingran atdmizerdor eranpte.JEhé ¢ldssificationnubing arsieme ys net particitarhdrestricted but

includes wet classification and dryclassification; [0026 - cEhe zing-oxidaparticle obthe present
invention ma%s?e §Curface-treated accor énﬁgﬁto need._The surface treatment method includes usual
0

treatment nieTROds h tHateBRnicAr fiel REDRHICIES M SIStiidG tete msy be
mentioned ergabicredriace treatrnsatgsingisitareasouglivg agentsaresilicoriegitsodnyd irarganic

surface treaimentusingesilica- {9024 Theuse of the zincoxide pagticle, of the, presant ipyention 8 is
not particularrIE}/ chmit?rd bélt the§articlgs can be used as an exoergic filler, for examegsl‘z. IS exoergic
filler is one B&Fect O the Presantinvention. 00281 ¢ T &xSergic fillF BFHE=Sr &8 Mvention is
usually use@#rafidlds By chedgegoergic resin compositions, exoergic greases and exoergic coating
compositionq.d\dgw documents concerning such applications are known, the exoergic filler of the

resent invention is_.used as such known applications as exoergic resin compositigns, exoergic
p ST%& Z%.l’l(’l oxlge.vr;hl% :?5 use ad agraw L=t EI‘QES. ?.5 I'IDX'{'_ g
greases and excerdic coating compositions.

particularly limited, but the zinc oxide produced by France Law,

Amarica Law and other common methods can be used. Particularly,
zinc oxide which is produced by French Law 1s preferably used
because the zinc oxide has few impurities,

[0021]

The method for producing a zinc oxide particle of the
present invention is characterized by baking in the presence
of ammonivmbromide. In the production of inorganic particles,
the baking in the presence of flax may ke performed o increase
particle diameter thereof. The inventors found that, when
ammonium bromide ig uged as flax in this baking, the particle
size distribution of the obtained zinc oxide particles became
sharper than when other compounds were used as flax.

[0022]

Ammonium bromide 1s added in the amount of 0.1 to 10
weight § relative to the raw zinc particles as a raw material.
If the additicn level 1s less than 0.1 weight %, energy costs
increase because it becomes difficult for the raw zinc particles
Lo grow.

If the addition level exceeds 10 weight %, productivity is poor
because many coarse particles occur leading to decrease yield
ratio of desired products. As for the addition level of
ammonium bromide, the lower limit is more preferably 0.2



[0029] When used as an exoergic filler, rough zinc oxide particles having large particle diameter
according to the present invention and fine zinc oxide particles having 1/3 to 1/40 pm of the particle
diameter of the zinc oxide particle of the present invention may be used in combination. The mixing
proportion of the rough particles and the fine particles is rough particles 90 to 40 %: fine particles 10 to
60 %, in volume. Preferably, the mixing proportion is rough particles 80 to 60 %s: fine particles 20 to
40 %. When the mixing proportion of the rough particles and the fine particles is without the above
mentioned range, rough particles 90 to 40 %; fine particles 10 to 60 %, exoergic property may not be

improved sutfidisfifly §0d38] the WRER the Zihcoxide [atfcl8 b7 5 phisent infretidh i€ used as an

exoergic fillef,ithe Particle may be used in combination with other components. The other components

which may be used-tggethey, inclyde metal oxides sueh asmagnesium gxide, ffanium axide,

aluminum oxide, other exoegic fillers than zinc oxide such as aluminum nitride, boron pitride, silicon

carbide, sili€dPARAGE, REAMGT-ARHGE SntdEIfc SifcBA I anE HimbRd, FRSIAR HHE SuABRts, [0031]
When the zicaxide partiole issusetdras exearga filed, thépadides cartbe msednimtheform of resin

composition Seolalieg bk rRIKINELWD 2/e 8 SUsiigsiy corapesiiends enasRert gLite present

invention. In this case, the jesin ma be {a thermoplastic resin or a thermosetting resin and includes
epoxy resin@ZphBhBFre 'ﬁs,npSE/pﬁ%WFeﬁe Shiffde %ﬁ‘sj(ﬁﬁ%ﬁFﬁ&lf/ésiférer'%gﬁfs?bolygfﬁides,
polystylenes,pdiyethyieriasy polypropyléres, pulpvinylitchledds, pohpdnylidehevehibride efiuorine resins,
po:ymettpyl m%&%ﬁ;{yﬁ%?%t@&{%len@hé%@%tﬂ%ﬁﬁ C%P%JY'?%E?%&&MM»HT&W???%@?%@ o
polyurethanes, polyacetals, polyphenyleng ethers, polyether imides, acrylic hitrile-putadiene-stylene
copolymerr}?e‘%?ﬁ&)@ééﬁW}%idaé%/g‘sfé? S‘Si%a([a@:’ﬁﬁf‘ﬂsiﬁg n%?es%%%ﬁ% ?e&r% fid otier resins.
[0032] THe& 8é<ih composition of the present invention may be a resin composition for thermal

molding obtained bynegding a thermoplasticresin and Migyzipg oxiglgparicle 4, meltng condition: a
resin compaosition obtained py Kneading a thermo%attin%resin and the zinc oxide particle following

thermosetting GI0ther Fésif tonPositidiiob33] & The Addifich Attt oitHe 278%8e particle in
the resin copf3dsitidreofthensresenriayentivh carcbe asbitratiyidetéamined acdiging t8.¢he intended

performance & ag:esip Somposiionesiushas soerma) conduetiyiy. pautnsssand souaiudn order to

express the exoer%i%aprogertgrof Igfi zinc_oxide particle sgff&:i%ntl fhe Sggi%ign ar ount of the particle

is preferabl;lr/[1 100 S VSTtnte fetative to f %Ct%falas%ﬂdyn;iaf{’er SFthetesin comsgg Ion. The addition
amount can B@Ca’iﬁlisted according to the needed level of excergic property. For the application

required better exoergicproperky,dhe-addilion amewpt isseane preferably,30naluae 174 e more, and
still more prgfgﬁ%télﬁ 5% gglu e or, mor‘:«%L L%Q:%%] In the @%Qécorpgg%tlpn of th@@{eiee%t invention,

. CLE G128 tign, ou X1g4& par .
the resin compone tpmay ese ec%ed in accordlance to the use. For exampﬁe,‘?/v en theresin

compositiofiisypl&tedbetiieenafe heat classified using a sieve 1f sharper
particle size distribution is reguired or in order to remove

a few coarse particles, The method of pulverizing is not
particularly limited but includss the method using an atomizer
for example. The classification using a szieve 1s not
particularly restricted but includes wet classification and dry
ciassiflcation,

[0026]

The zinc oxide particle of the pregent invention may be
surface-traated according to need. The surface treatment
method includes usual treatment methods 1n the techhical field
of inorganic particles. More sagpecifically, there may be
mentionaed organic surface treatment using silane coupling
agents or silicone olls and inorganic surface treatment using
gilica.

(0027}
The use of the zinc oxide particle of the present invention



10 source and the exoergic plate and make them stick together, resins having high adhesion property
and low hardness such as silicone resins and acrylic resins can be selected. (0035) When the
resin composition of the present invention is a resig composition for thermal molding, the resin
composition may be produced by the method comprising melt-kneading a thermoplastic resin and the
zinc oxide particle using a double-screw extruder, for example, to pelletize the resin composition and
then, molding to the desired shape by the arbitrary molding method such as injection molding and so
on, (0036) , When the resin_.composition of the present invention is the resin composition obtained
by kneadind & tHefmBa&tihgtedin‘and %ﬁblgﬁé é‘e% Ftiéle Jf&liro?%iﬁa tﬁ%Pri%%eﬁﬁ]%?iﬁ% preferably
molded by pressuce forimingi Sueh méthodformpdducingithe resiretarhpoSiioreis Act padicularly
limited, but } S the @ggwctgfg@qgeg 1he Lesingomposition by transfer molding. (0037) The
applications pf the resin composition of the present invention include exoergic parts of electronic
components; fifetfal-conductive bulking agents, insulating bulking agents for temperature
measurement. For Bkamipte cthe resifi-éompositichef i prasent imashtibhtcas besusdd in order to

transfer the haat fram therexothermic BIgetonic campeReN!s, Seieh @5 MPAhsowes dransistor,

transformer to the excerlgi comgonents such .as exoerqic fins.and exogf ic fan, and can be placed
SEGRHSmE @t}m LULE  Con %ng g@m 0SiLi0ong, n%_ cict:cxﬂnﬁiuzs
between the exothermic ‘electronic tomponehts and exoergic components, This will allow good heat

transfer betaeeaehs ExdtAEAhIE BleE oAl O5A poR BT tHEXBBRIE CoMpéReMS &id will allow to

decrease glitgh of the exothesriis elestionic egmpoRentsferatengierapdrthermare, the resin
composition of the present invention can ge referably used for connecting a;heat pipe and a heat
k. or CONFRREIS 3 madiE nGETUBAAA 1 Yo Bs Seatior e Bdbs L) & NORCak 11 [0036]
When the zitresdxidld pafiiie s iséd s an exoergic filler, the particle may be used as an exoergic
grease obtaifggayjmixing with a base oil which contains a mineral oil or a synthetic oil. This exoergic

grease is one aspe&tn%f theuggegegtqinvglqtb& CL%%%%{? ;Itﬂg %gditigg oupt Hgth%% oxide particle
in the exoergic grease of the present invention may be decide according to the intended degree of
thermal corleRiEEvIBE 95 oFfeF 1B ExprEEEah® BXGEHE probRRg T ihe St iddy p&ticie ufficiently, the
addition amgustehthe padictel ismpraierably d OorQ0 yelitaed4a relative fohe tatal afount of the
exoergic gr The addition amount can be. adjusted accarding to the neede xoergic
property. Fgﬁfﬁeg a(ﬁjnli@a ioj% r?edﬂ?rzéﬁ]pce feercglx%e%%%%‘ragzcﬁget%le{lfqiﬁ%%%%ng)ﬁ%% E[%r]:lo%re preferably
30 volume Lok RSORE, S NGt INGRRLHRRTRENPE0NSIHME SHPTB0AT L Lonas thEHB4&bi%0ne or more
kinds of oil paterials sefected tom thewgtoupeeansisting atwlingtal dils;synthesisoids; silicone oils,
fluorinated hy rgﬁaﬂ%%ﬁéiég%_é%”é d *%e, %ﬁ%%ﬁ'&ﬁk‘élpégf%@@% hydcocabop QilgeAs the

a |

synthesis 0|3f, thére'm e mentioned a-olefins, diesters, polyol esters, trimellitic est6eés§b' polyphenyl
O %

ethers, alkylgHehgT 8thrs dhE sbiand proportion is rough particles 8
fine particles 20 to 40 %. When the mixing proportion of the

rough particles and the fine particles is without the above

mentioned range, rough particles 90 to 40 %: fine particles 10
to 60 %, exoergic property may not be improved sufficiently.
[0030]

When the zinc oxide particle of the present invention is
used as an exoergic f£iller, the particle may be used in
combination with other components. The other components which
may be used together, include metal oxides such as magnesium
oxide, titanium oxide, aluminum oxide, cther exoegic fillers
than zinc oxide such as aluminum nitride, boronnitride, siliceon
carbide, silicon nitride, titanium nitride, metallic silicon,
and diamond, resins and surfactants.

foos1]

When the zinc oxide particle is used as excergic filler,

the particles can be used in the form of resin composition



[0041] The exoergic grease of the present invention may contain a surfactant according to need.
The surfactant is preferably a nonionic surfactant, By adding the nonionic surfactant, thermal
conductivity can be improved and consistency of the exoergic grease can be controlled moderately.
[0042] As the nonionic surfactant, there may be mentioned polyoxyethylene alkyl ethers,
polyoxyethylene alkyl phenyl ethers, polyoxyethylene alkyl naphthylene ethers , polyoxyethylene
castor oil, polyoxyethylene hydrogenated 19 castor oil, polyoxyethylene alkylamides,
polyoxyethyleneppIyox;&propyle_ne glycals, polyoxyeth)élene-polypxypropyler]e glycol ethylene

diamines, dECAGHYEETH TR LI ters Fol/BRyéthyleié Fatty 2R rRBIsEstES O PoloRyéthylene fatty
acid diesters,spayaxyethylenepeopstene glyeot faity. acithestets, palyexyethyleressorhitap fatty acid

monoesters, polyexyeihlens sorbitan faty cid igstars elbylane dbveolfatiagitmongesters,

diethyleneglgc.ol fatty acidmonoesters, propylene glycol fatty acid monoesters, glycerin fatty acid

monoesters®BERASTIHABY TREY AR TEHOEsere [SGBRRN FaRT S8d Molkoes k& Ssbrbitdn fatty acid
sesquiesteryosorbitam fatyeacid driegtersy 40048k,  dngyeffedteofaaldingptheadnidricsstyrfactant

depends OnﬁeﬁMB&%@Q%@G?%@%M&%@@Q?& iuans amouinty,and HIB which is the

term showing the halance between hydrophilicity and ipophilicity (hydrophile-lipophile balance). Liquid
surfactants WHHFHB Df ot e thdfPg T preterrdbFbEEsUSE Go6d conbYeriAisUbtdined at room
temperatures ¢ the practigecdfvtherpressein inGEAtion pAhiomc barfactaats pedtipnicshidactants and

ampholytic siyfgciaaissmay e uses i he-arPUslionsuch,asdigh exogrgic grease-whee the _
decrease of glectrical insulation and electrical resistance are not emphasjzed. [0044] _ The exoergic
grease of th%lgrﬁ%gﬁt_kﬁk}gﬁﬁ&&?%gﬁ%% r%‘&%ceﬁ?i%’/@%ﬁ& the" §Bd¥e méttiohed cori3dfients using a
mixing apparaistsuch asidow hiker (kneateongate mixer, planetary mixérangrsb@ni§@045]  The
exoergic grease; efthe present invention may be applied to the exothermic body or the exoergic body.
As the exothirrgril,?éody, there may be mentioned, for example, exothermic electric components such
as general el L source; power transistor for electrical source, power module, thermistor, thermo
couple, temperaturd'sénsepandeeedB-ion of the present invention may be a

resin composition for thermal molding obtained by kneading a
thermoplastic resin and the zinc oxide particle in melting
condition: a resin composition obtained by kneading a
thermosetting resin and the zinc oxide particle following
thermosetting: or other resin composition.

[o033]} .

The addition amount of the zincoxide particle inthe resin
compoesition ¢f the present inventlion can be arbitraxily
determined according to the intended performance of the resin
composition such as thermal conductivity, hardness and sc on.
In order to express the exoergic property of the zinc oxide
particle sufficientiy, the addition amount of the particle is
praferably 10 to 80 volume % relative to the total solid matter
of the resin compositien. The addition amount can be adjusted
according to the needed level of excergic property. For the
application reguired better exoergic property, the addition
amount is more prefarably 30 velume % or more, and still more
preferably 50 volume % or more.

[0034]

In the resin composition cof the pregent invention, the
resin ceomponent mey be selected in accordance to the use. For
example, when the resin compesition is placed between the heat



electrical apparatus: such integrated circuit element as LSI and CPU. As the exoergic body, there may
be mentioned, for example, exoergic components such as heat spreader, heat sink; heat pipe,
exoergic plate. The grease can be applied by the ggreen print method, The screen print method may
be performed using metal mask or screen mesh. By applying the exoergic grease of the present
invention between the exothermic body and the exoergic body, it is able to effectively remove heat
from the exothermic body because heat transfer from the exothermic body to the exoergic body is
performed_ egfgzci%gtly.a[gg@be e\:{{thln gtEg zin(:El géidg npdartigl]({eeoft e re%%ﬁr(];tkin%%n%qcr} isrlfs.ed asan
exoergic fillér, e finé can e usedHEda co%%lng composrﬁlon obtained y dlsperglng tRé filler in a resin
solution or dispérsorkHydials T Bxadrgie toating Terapositon is ondasplits vt the Predént invention.

In this case gtheiresincortaingd indheLompasitier May:be ahardenahle one-r a nonhardenable one.
The resin mgg)/ iﬁ%ﬁde the exemplified resins which can be used in the resin composition mentioned
above, The Oa my“composition may be solvent type one containing organic solvents or an agueous
type one containingd #&sialths$619aa or@speyséd i wate £ J60BTE 22 Ithd HiEtR6d %6r pfoducing the
coating compesition isaabparticidarly sesticied butitbe coafng-eempesition:capdei produced by
mixing and dispersing, the necessar rials ol i ' « ill,.,[0048]
Theadditionian ou}r@\%o z“?r%éﬁ] %)%%% ;}3¥’tic etlln ?ﬂ?%&%grgf\éggﬁaﬁ%%gég(?m%ﬁc%g%ﬁo%r&%% sgnt invention
may be declderrasioraiigito tHemténdettegice of Hsrmakéofduetvity Ta Brdef 16 @express the
exoergic prepefy ef-therzinc exide particlesuifficiently, the addition Breaunt:of the patticle is preferably
10 to 90 vol % relative to the 1otal am the coating c ition dditio ount can be
adjusted acggr r?ga tlﬁl %%iné%ﬁged{l%ve 'of%%%é?t[}gg pé%e?t?)l/% F%?t%%ﬁ%g a%%%%ﬁio%ﬁe%ﬁgd better
excergic prépgetiy #i& Rdditioh-am SUE IS in e Preddrably S8R chinTeCd drinciBafia &tili'more
preferably 50 yolgigle %, [0049] The zinc oxide particle of the present invention can be used in the

fields such as rubbey,AGeelglalos, PIOTBRISJ0F coating Eoposiians god jhis,pueh elggtronic

components as ferrite and varistor, medicinal products and cosmetics in addition to the exoergic filler,
[Example] [G0%0] - €5 e @i thepreRBhe Rty wilsé GeleritedineHBRS Betdity way of
examples, bi# she prasenhinventiondisingd limaited tol theSel dxampleshermosetting, it

is preferably molded by pressure forming, Such method for
producing the resin composition is not particularly limited,
but includes the method molding the resgin compegition by
transfer molding.

[0037]

The applications of the resin composition of the present
invention include excergic parts of electronic components,
thermal-conductive bulking agents, insulating bulking agents
for temperature measurement. For example, the resin
composition of the present invention can be used in oxder to
transfer the heat from the exothermic electronic components,
such as MPU, power ftransistor, transformer to the sxoergic
components such as excerglc fins and excergic fan, and can be
placed between the exothermic electronic components and
exoerglc components, This will g2llow good heat transfer
between the exothermic electronic components and the exoergic
components and will allow to decrsasze glitch of the exothermic
electronic components for a long term. Furthermore, the resin
composition of the present invention can be preferably used for
connecting a heat pipe and a heat sink, or connecting & module

lncorporated into various excothermic bodies and a hsat sink.



[0051] Hereinafter, median size and particle size distribution of the obtained zinc oxide large
particle were measured by laser diffraction/ scattering particle size distribution analyzer (LS 13 320
type manufactured by BeckmanCoulter). The obsgrvation of the particles was performed using
Scanning Electron Microscope (JSM-5400 manufactured by JEOL Ltd.). Amounts of coarse particles
having particle diameter of 50 pm or more were measured according to JIS K1410 zinc oxide/sifted
residue test. [0052] Example 1 One kind of zinc oxide (manufactured by Sakai Chemical Industry,
average par'igclﬁéié) meter 0.7 pm) 1200 g and 12 g of ammonium bromide were mixed and dried for 30
seconds, an Q tained mixed powder was charged into quartz pot with inside dimension of 235
mm x 160 mm x 56WRRTH aRGHEE FBaRIRG Bt 9T AD TSP RGUT 1 0858 91 ¢ Lfteri€doling, the
obtained mixgd pawderMandispersediNtnHh lesof wites angscrsenethironghk400waesh (opening
of screen 3¢ pm). The slury pagsing troudh the meshayas 19 fitsred godadriedto gbtain a white
powder. The particle Size distribution was measured and it was discovered that median size was 10.55
pm and DIG/DID RS TL CSHMRATR i BEA5 Tf Wad ndak8red aRebunl 6 bel8t more than
0.01 t. [0054] kxxagiple 2 The white powder was obtained by following the same procedure as that

of Example 1 excepthat the.baking 18MpREtatLte ws changeig 700,cand he.baking ne was

changed to 2 hours. The median size e powder particle was 2.03 pm, 090/1710 was 4,00 and
sifted resid @ aeas bin WaSROEmBFe thik 0 DIHE {0055 ERRhDRE3 may be decided

according to the intended degree of thermal conductivity. In
order to express the exoergic property of the zinc oxide
particle sufficiently, the addition amount of the particle is
preferably 10 to 90 veolume % relative to the total amount of
the exoergic grease. The addition amcunt can be adjusted
according to the nseded level of excergic property, For the
application required better exoergic property, the addition
amount is more preferably 30 volume % or more, and gtill mors
preferably 50 volume %.

[0040]
. As the base 0il, one or more kinds of o0ill materials
selacted from the growp consisting of mineral oils, synthesis
oils, silicone oils, fluorinated hydrocarbon olls and sc on.
The synthesis oil is preferably hyvdrocarbon oils. As the
synthesis o0il, there may be mentioned o-olefins, diesters,
polyol esters, trimellitic esters, polyphenyl eathers,
alkylphenyl ethers and so on.

fooa1]

The exoergic grease of the present inventicon may contain
a surfactant according to need. The surfactant is preferably
a nonionic surfactant. By adding the nonionic surfactant,
thermal conductivity can be improved and consistency of the
exoerglc grease can be controlled moderately.

[o042]

As the nonicnic surfactant, there may be mentioned
polyoxvethylens alkyl ethers, polyoxyethylene alkyl phenyl
gethers, polyoxyethylene alkyl naphthylene gthers |
pelyoxyethylene castor oil, polyozyethylene hydrogenated



The white powder was obtained by following the same procedure as that of Example 1 except that the
addition amount of ammonium bromide was changed to 60 g and the baking temperature was
changed to 1100 t. The median size of the powde{garticle was 1970, pm, 090/010 was 3.41 and sifted
residue at 45 pm was not more than 0.01 %. [0056] Comparative Example 1 The white powder
was obtained by following the same procedure as that of Example 1 except that
ammoniumbromidewas changed to ammonium chloride and the baking temperature was changed to

750 r. The median size of the pg/wder particle was 7.%2 m, 090/D10 was 12.33 and sifted residue at
45 pm was A8EMBTe Ranr0.010% Tﬁ@gjf%&ﬁfb%ra% §% PORNETHfEPOWES was obtained

by followingithe wamye pracedure ag thatedf=Exampley dxapcepy thatarpmbpivmypromideewas changed to
sodium chlogide.and @@1%&@% temperatye, was-changed-tp: 900+, The median gizeof the powder

particle was 11.00 pm /D10 was 6.85 and sifted residue at 45 pm was not more than 0.01 %. 16
[0058] ComBﬁﬁﬁW@@%ﬁ%ﬁ%@ g\étﬂ{eé}/ﬁ’ri BOWRRT WasTobRined W?gm%eih%%ié%fe procedure

as that of Exarhpledl extepicthapaiyvenianhpiomidenwas elange dtbypotasdiamtchledde and the
baking temperatre was £hapged e $80- Thegpedian:size pf the powder particlewas 10.16 pm,
D90/D10 was 6.45 an _si ec_i residg t45 pm. was not more th@n Oq.Ol % ie[gOS%] Comparative
Example 4 POV HREYAHEY bORTGAAS tBRact By foNiwing B6 SAe BrZadile 56 It of Example 1
except that &aimerigricoremnitds Rasthdigsd Yd potagsiviarbromiide ard thedakirsg tensperature was
changed to 908y Thedngdina:size of the pewdenparicle was 11529 083,:P9F L0 was Bi79 and sifted
regdueeu4£ ﬁBé%.%?85”52%%%%?§%%E%%Q1 fatty acid monoesters, sorbitan

fatty acid monogsters, sorbitan fatty acld sesguiesters,

gorbitan fatty acid triesters.

0043}

The effect of adding the nonionic surfactant depends on
the kind of the thermal-conductive bulking agents, addition
gmount, and HLB which is the term showing the balance between
hydrophilicity and ipophilicity (hydrophile-lipophile
balance). Liguid surfactants with HIB of not more than 9 ars
preferred because good consistency 1s obtained at room
.temperature,jj}thepracticecﬁfthepresentinvention. Anionic
surfactante, cationic surfactants and ampholytic surfactants
may be used in the application such as high excergic grease where
the decreage of electrical insulation and eiectrical registance
are not emphasized.

foo44]

The exoergic grease of the present invention can be
produced by mixing the above mentioned componenta using a mixing
apparatus such as dow mixer (kneadsr), gate mixer, planetary
mizer and 20 on,

[o04s5] _

The exoergic grease of the present invention may be
applied to the exothermic body or the exoergic body. As the
exothermic body, there may be mentioned, for examples,
axothermic electric components such as general electrical
source; power transistor for electrical source, power module,

tharmisteor, thermo coupls, temperature mensor and other



10060] Comparative Example 5 The white powder was obtained by following the same procedure
as that of Example 1 except that ammonium bromide was changed to magnesium chloride and the
baking temperature was changed to 690 t. The meglian size of the powder particle was 7.58 pm,
090/D10 was 13.56 and sifted residue at 45 pm was not more than 0.01 % [0061] Comparative
Example 6 The white powder was obtained by following the same procedure as that of Example 1
except that ammonium bromide was changed to barium chloride and the baking temperature was
changed to 950 t, Theﬁrgedian size of the powd,ergarticle was 7.75 pm, D90/D10 was 6.30 and sifted

residue at 43550 WaS Aot e tAaH Bi0f 8. (HoBSH T 2t 9% dietieltfts ShERRRItHAT it oxide
particles hazimg dtfowehpatticte sizedigtribution vantie=obtaired by usiegtdmneahiufdiromide as

flax compargd ig,other cmmaunds. »kA 49063 Examples 410:6 sp-Begiicomnosiions were
prepared b)éggﬁrt mixing EPA resin and. zinc oxide g\)lvartlcles of Examples 1 and 2 as shown in Table 1
r

and then p Erhbfding *PREFESinPcdthpositioh was hdifed 16 Haa ARS8 drlidie With 50 mmso x
2 mm. Thergaval eonductivity'of the ¢holdBtkarticteswers indaseratcahnagsolispeereosirawn in Table 1.

In addition, thenmalcenductivitywas-measuiad al2h C agnprdipgito.the metbod with-heat flow meter.
10064]CO”&%@Q&%ﬁJ?%%EP%%%S@ﬁt invention between the exothermic body and

the excergic bedy, it is able to effectively remove heat from

the exothermic body because heat transfer from the exothermic

body te the exoergic body is performed efficiently.

[0046]

When the zinc oxide particle of the present invention is
used as an excergic filler, the filler can be used as a coating
composition obtained by dispersing the f£iller in & resin
solution or digpersion liquid. This exoergic ceating
compesition is one aspect of t{he present invention. In this
cas&, the resin contained in the compositionmay be a hardenable
one or & honhardenable one. The resin may include the
exemplified resins which can be used in the resin conposition
mentioned above. The coating composition may be solvent type
one containing organlc solvents or an agueows Type one
containing a resin dissclved or dispersed in water.

fo047]

The method for preducing the coating compositicon is not
particularly restricted but the coating composition can be
produced by mixing and dispersing the necessary materials and
splvents using a disper or beads mill.

[0o48]

The addition amount of zinc exide particle in the exoergic
coating composition of the present Invention may be decided
according to the intended degree of thermal conductivity. In
order to express the exoergic property of the zinc oxids
particle sufficiently, the addition amount of the particle is
preferably 10 to 90 volume % relztlive fo the total amount of
the coating composition. The additlion amount can be adjusted
according to the needed level of excergic property. For the



A molded article of EPA resin was obtained by following the same procedure as that of Examples 4 to
6 except that filler was not added. Thermal conductivity of the molded article was measured and the
result was shown in Table 1. 10065] Comparativejgxamples 8 to 10 Thermal conductivity was
measured by following the same procedure as that of Examples 4 to 6 except that zinc oxide particles
changed to alumina. The results were shown in Table 1, Tn addition, the numeric values in Table
mean the average particle diameter of alumina, 19 [0067] Example 7 Epoxy resin (JER 828

manufactured by JAPAN EPDXY RESI ., Ltd), curing agent for epoxy resin_ (JER.CURE ST 12
manufacturé& B?ﬁtﬁ;&ﬁ rfiﬁﬁ%%ﬁﬁglﬁ%gc.? Eto%i%%eor ﬁgecziﬁg %&%%drti%ﬁe%f%%r%%nl were mixed
as shown ireFahiai2, iandeheobrifed mixtnré Was injaestetl mtoracdie wiG0skip X2 fm and heat
treated to obtaiixa.meldedzrticie1at,@0 tfor 3 hours. The thermal conductivity of the molded article was
measured arﬁ%the result was shown in Table 2. [0068] Comparative Example 11 Thermal

conductivity %&tfement was done by following the same procedure as that of Example 7 except that
the zinc oxide partid&vas BRangéd toradrnimal 0Ymt Fheresar Mas BR6WAIAT 4618 240069

used in the fields such as rubber accelerators, pigments for
coating compesitions and inks, such electronic componentsd as
ferrite and varistor, medicinal products and cosmetics in
addition to the exoergic filler,

E'Example]

[0050]

Hereinafter, the present invention will be described in
more detail by way of examples, but the present invention is
not limited to these examples.

[0051}

Hereinafter, median size and particle size distribution
of the obtained zinc oxlde large particle were measured by laser
diffraction/ scattering particle size distribution analyzer
(L& 13 320 type manufactured by BeckmanCoulter). The
cbservation of the particles was performed using Scanning
Electron Microscope (JSM-5400 manufactured by JEOL Ltd.).
Amounts of coarse partilcles having particle diameter of 50 um
or more were measured according to JI5 K 1410 zinc oxide/sifted
reagidue test.

foos2]
Example 1

One kind of zinc oxide (manufactured by Sakal Chemical
Industry, average particle diameter 0.7 um) 1200 g and 12 g of
ammonium bromide were mixed and dried for 30 seconds, and the
obtained mixed powder was charged into guartz pot with inside
dimension of 235 mm » 160 mm x 56 mmH fallowed by baking at 910 °C
for 3 hours. '

[o053]

After cooling, the obtained mixed powder was dispersed
into 3.5 liter of water and screened through 400 mesh (opening
of screen 38 um). The slurry passing through the mesh was



Table 2 7E—xiar7nple‘7 éompa'rétwii}”émlé;'émple 11 D P,H Epoxy seein 12 12 Curing agéht for epdxi) 'resin
6

15

filtered and dried to obtain a white powder. The particle size
distribution was measured and it was discovered that median size
~was 10.55 um and D80/D10 was 3.71. Shifted residue at 45 um
was measured and found to be not mere than 0.01 %.
L0054]
Exanmple 2
The white powder was ocbtained by following the same
procedure as that of Example 1 except that the baking
temperature was changed to 700 C and the baking time was
changed to 2 hours. The median size of the powdsr particle was
2.03 pm, D90/D10 was 4.00 and sifted residue at 45 um was not
more than (.01 %. '
[0055]
Example 3
The white powder was obtained by follewing the same
procedure as that of Example 1 except that the addition amcunt
of ammonium bromide was changed to 60 g and the baking
temperature was changed to 1100 C. The median size of the
powder particle wag 19.70 um, DSC/DI0 was 3.41 and sifted

razidue at 45 um was not mere than 0.01 %.

[005¢6]
Comparative Example 1
The white powder was obtained by following the same

procedure as that of Example 1 except that ammonium bromide was
changed to ammonium chloride and the baking Temperature was
changed te 750 C. The median size of the powder particle was
7.82 um, D90/D10 was 12.33 and sifted residue at 45 um was not
more than 0.01 %,
[oo57]
Comparative Example 2

- The white powder was obtained by following the same
procedure as that of Example 1 except that ammonium bromide was
changed to sodium chloride and the baking temperature was
changed to 900 C. The median size of the powder particle was
11.00 um, DEO/DI0 was 6.85 and sifted residue at 45 pm was not

more than 0.01 %.



Ziné‘oxidé'ﬁér_ticle'O_f“ExampIé‘iﬂédW'Alumina 10 pm 20 Fillervolume %) 25 25 Thermal condUciiVi.ty
(W/miK) U.S
18

[0058]
Comparatlive Example 3

The white powder was obtained by following the same
procedure as thaﬁ.of Example 1 except that ammonium bromide was
changed to potassium chloride and the baking temperature was
changed to 930 C. The median size of the powder particle was
10.16 pm, D30/D10 was 6.45 and sifted residue at 45 um was not
more than 0.01 %.

[oo59]
Comparative Example 4

The white powder was obtalned by following the same
procedure as that of Example 1 except that ammonium bromide was
changed to potassium bromide and the baking temperature was
changed tc 900 C. The median size of the powder particle was
11,20 pm, DY0/D10 was 5.79% and sifted residue at 45 pm was not
more than (.01 %.

fooso]
Comparative Example 5

The white powder was cobtained by following the same
procedure as that of Exanple 1 except that ammonium bromide was
changed to maghesium,chlmriﬁﬁ and the baking temperature was
changed to 690 . The median size of the powder particle was
7.58 um, DI0/D10 was 13.56 and sifted residue at 45 pm was not
more than 0.01 %.

foo61]
Comparative Example &

The white powder was optained by following the same
procedure as that of Example 1 except that ammonium bromide was
changed to barium chloride and the baking temperature was
changed to 950 “C. The median size of the powder particle was
7.75 um, D8O/DLI0 was 6.30 and sifted residue at 45 um was not
more than 0.01 %,

[0062]

These tesults showed that zinc oxide particles having

narrower particle size distribution can be obtained by using

ammonium bromide as flax compared to other compounds,



0.3 [0070] Example 8 Silicone resin (KE-103 manufactured by Shin-Etsu Chemical Co., Ltd),
curing agent for silicone resin (CAT-103 manufactured by Shin-Etsu Chemical Co., Ltd) and the zinc
oxide particle of Example 1 were mixed as shown g Table 2, and the 20 obtained mixture was heat
molded at 150 t for 30 minutes to obtain a resin composition. Then, the resin composition was further
molded to obtain a molded article with 50 mm9 x 2 mm. The thermal conductivity of the molded article
was measured and the result was shown in Table 3. [0071] Comparative Example 12 Thermal
conductivity measurement was done by following the same procedure as that of Example 8 except that
the zinc oxid?%% e was changed to alumina 10 gm, The result was shown in Table 3. 10072] Table
3 Examples 4 to ©

Resin compositions ware prepared by heat mixing EEA resin
and zinc oxide particlesg of Examples 1 and 2 as shown in Table
1 and then pressure molding. This resin composition was molded
to be a molded article with 50 mmg * 2 ram.  Thermal conductivity
of the molded articles were measured and results were shown in
Table 1. 1In addition, thermal conductivity was measured at
25 C according to the method with heat flow meter.

{0064}
Comparative Example 7

A molded article of EEA resin was obtained by following
the same procedure as that of Examples 4 to § except that filler
was not added. Thermal conductivity of the molded article was
measured and the result was shown in Table 1.

[0065]
Comparative Examples 8§ to 10

Thermal conductivity was measured by following the same
procedure ag that of Examples 4 to é except that zing oxide
particles changed to alumina. The results were shown in Table
1, In addition, the numeric values in Table mean the average

particle diameter of alumina.
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[0068])

Silicone resin ing égént for I|cone resin Zino oxide particle of Example 1 Alumina 10 gm
Table 1

(volume 10 50




Thermal conductivity (Wfm"K) 2.0 1.9 [0073] Example 9 Silicone oil (KF-99 manufactured by
Shin-Etsu Chemical Co., Ltd) and the zinc oxide particle of Example | were mixed as shown in Table 4
to obtain an exoergic grease. The thermal conducfiyity of the exoergic grease was measured and the
result was shown in Table 4.

{0067]
Example 7
Epoxy resin (JER 8§28 manufactured by JAPAN EEQXY RESIN
Co., Ltd), curing agent for epoxy resin (JjER CURE ST 12
manufactured by JARAN EPOXY RESIN Co., Ltd) and the zinc oxide
particle of Example 1 were mixed as shown ln Table 2, and the
obtained mixture was injected into a die with 50 mmg x 2 mm and
heat treated to cbtain a molded article at 80 C for 3 hours.
The thermal conductivity of the molded article was measured and
the result was shown in Table 2.
[oo6s]
Comparative Example 11
Thermal conductivity measurement was done by following
the same procedure as that of Example 7 except that the zinc
oxide particle was changed to alumina 10 pm. The result was
shown in Table Z.

[0069]
Table 2
Comparatlive
Example 7 Estample 11
2 Epoxy resin 12 12
§ Ew Cubing agent fox p ¢
apory reslin
dbd
.ﬁ 2 [aine oxide particle 29
P‘Q of Dxample 1
g - Alumina 10 pm ‘ 20
Fliter t{volume % 25 ‘ 25
Thermal condusrivity
(W/m k) 0.5 0.3

{0070]
Example B

Silivene resin (EE-103 manufactured by Shin-Etsu
Chemical Co., Ltd}, curing agent for silicone resin {(CAT-103
manufaciured by Shin=-Ftsu Chemical Co., Ltd) and the zinc oxide

particle of Example 1 were mixed as shown in Table 2, and the



[0074] Comparative Example 13 21 Thermal conductivity measurement was done by following the
same procedure as that of Example 9 except that the zinc oxide particle was changed to alumina 10
gm. The result was shown in Table 4. [0075] Tablegd [0076] Example 10 As shown in Table 4,
epoxy resin (JER 82e manufactured by JAPAN EPDXY RESIN Co., Ltd), toluene and the zinc oxide
particle of Example 1 were dispersed by disper to obtain an exoergic coating composition. The thermal
conductivity of the exoergic coating composition was measured and the result was shown in Table 5.

[0077] Comparatlve Example 14 o ,
btained mixture was heat molded ar 150 C for 30 minutes to

obtain a resin compesition. Then, the resin composition was
further molded to obtain & molded article with 50 rmg x 2 mm.
The thermal conductivity of the molded article was measured and
the result was shown in Table 3.
foc7i]
Comparative Dxample 12

Thermal conductivity measurement was done by fcllowing
the same procedure as that of Example B except that the zinc
oxide particle was changed to aluminz 10 pm. The result was
ghown in Table 3.

[6072]
Table 3
o [Comparative
Example Bxample 12
§ Biligone yesin 14 : 1.4
% g Curing agent for . 0.1 0.9
B silicone resin : )
o :
§j§‘ Zinc oxlde particle a4
%'ﬁ of Example 1
E : ‘
2 Alumine 10 um 60
Flller (volume %) 50 50
Thermal conductivity
(/o 2.0 1.4
[o073]
Example @8

Siliceone oil (KF=-99% manufactured by Shin-Etsu Chemical
Co., Ltd) and the zinc oxide particle of Example 1 were mixed
as shown in Table 4 to obtain an exoergic grease. The thermal
conductivity of the exoergic grease was measured and the result
was shown in Table 4.
[0074]

Comparative Example 13



Thermal conductivity measurement was done by following the same procedure as that of Example 10
except that the zinc oxide particle was changed to alumina 10 pm. The result was shown in Table 5.
[0072] Table5 (0079) Judging from the resgijts shown in Tables | to 5, it's apparent that the
exoergic filler of the present invention has superior performances to the exoergic fillers which are used
widely. It's apparent that it is able to provide the exoergic property on any of resin compositions of
Examples, no matter how great or small of addition amount of the exoergic filler, INDUSTRIAL
APPLICABILITY [0080] Zinc oxide particle of the present inventigon is used suitably, as the exoergic

fillers. In addition, thep&Ritle CaABETsed for ABHitAA6HSLGcHSS (BRer B cERrifdfS Nsigments for
coating contpositiamscand irnkas] sueh eledtreriic cOnipemerits a% ferdterand atistonemetlicinal products

and cosmetigs; £2 CIAMS & was changed to alumina 10 zm. The result was
shown in Table 4.

[0075]
Table 4
. Comparative
| Example 9 | o oample 13
% % 8ilicone oil 5 )
K i
o Zine oxide particle 53
¢ o of Example 1
i
el
rgﬁ Alumina 10 um 20
rillaer (volume %) 50 5(
Thermal laa'nauativity '
i K) 1.7 1,2

[0076]
Example 10
Az shown in Table 4, epoxy resin (JER 828 manufactured
by JAPAN EPOXY RESIN C¢., Ltd), toluens and the zinc oxide
particle of Example 1 were dispersed by disper to obtain an
exoergic coating composition. The thermal conductivity of the
exoergic coating composition was measured and the result was
shown in Table b,
fo077]
Comparative Example 14
Thermal conductivity measurement was done by following
the same procedurse as that of Example 10 except that the zinc
oxicde particle was changed to alumina 10 um, The result was
gshown in Table 5.
[0072]



“1.A zinc oxide partlcle haylng a median size of 1 to 30 um and D90/D10 of 4 or less. 2. The zinc oxide -
particle according to Claim 1, obtained by baking a raw zinc particle in the presence of ammonium
bromide. 3. The zinc oxide particle according to Claim 1 or 2, obtained by mixing the raw zinc particle
and 0.1 to 10 weight % of ammonium bromide relative to said raw zinc particle, and static baking the
mixture at 600 to 1200 C. 4.A method for producing a zinc oxide particle, comprising baking a raw zinc
particle inthepresenceofammoniumbromide to obtain the zinc oxide particle according to Claim 1. 5.
The method for producing a zinc oxide particle according to Claim 4, wherein ammonium bromide is
added in thgﬁf‘b%%rtfon of 0.1 to 10 weight % relative to the raw zinc particle and the baking is

performed bystatic-baki 101200 ¢ X086 ﬂJJ.emmp.usT the zinc oxide particle
according to any one of Clalms 1 to 3 7 A reag},&wqgo h‘sowmprsidgaie zinc oxide particle
according tojany one of Claims 1 to 3. 8. An =xoerg|c greasefetmptiging the zinc oxide particle
according tofany ong of C ims 1 to 1and a base qJl. 9. An exoerg %coatl 1g compaosition comprising
the zinc oxide gaﬁlcle acco?&xn"é {54 {} one gf Clai 5’1 to 3. o

% 8 Toluens 11.7 11.7
g W :
\07g Zine oxide particle 56
gfg of Example 1
& Alumina 10 pn 40
FIITer (volume 4
{(relative t¢ the total 15 35
amount of the coating
GOMpogition)
Theriral conductivity ‘
{W/m-K) 1.3 0.3

[0079]

Judging from the results shown in Tables 1 to 5, it's
apparent that the excergic filler of the present invention has
superior performances o the excergic fillers which are usad
widely. It’s apparent that it is able to provide the exocergic
property on any of resin compositicne of Examples, no matter
how great or smzll of addition amount of the exoergic filler.

INDUSTRIAL APPLICABILITY
[0080]

Zinc oxide particle of the present invention is used
suitably as the excergic fillers. In addition, the particle
can be used for applications such as rubber accelerators,
pigments for coating compositiona and inks, such electronic
compenants as ferrite and varistor, medicinal products and

cosmetios.
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CLAIMS

2 zinc oxide particle having a median size of 1 to 30 um and
D90/D10 of 4 or less.

The zinc oxide particle according to Claim 1, obtained by
baking & raw zine particle in the presence of ammonium

bromids.

. The zinc oxide particle according to Claim 1 or 2, obtained

by mixing the raw zing particle and 0.1 to 10 welght % of
ammonium bromide relative to sald raw zinc particle, and

static baking the mixture at 60C to 1200 C.

. A method for producing a zinc oxide particle, comprising

paking a raw zinc particle in the presence of ammenium bromide
to obtain the zinc oxide particle according to Claim 1.

. The method for producing 2 zinc oxide particle accerding to

Claim &,
wherein ammonium bromide is added in the proportion of
0.1 to 10 weight % relative to the raw zinc particle and the

baking is performed by static baking at 600 to 1200 C.

. An exoergic filler comprising the zinc oxide particle

according to any one of Claims 1 to 3.

. A resin composition comprising the zinc oxide particle

according to any one of Claims 1 To 3.

. An exoergic grease comprising the zinc oxide particle

according to any one of Claims 1 to 3 and a base oll.

., An exoergic coating composition comprising the zinc oxide

particle according to any one of Claims 1 to 3.



