1-SPECIFICATION ZINC OXIDE PARTICLE, METHOD FOR PRODUCING IT, EXOERGIC FILLER,
EXOERGIC RESIN COMPOSITION, EXOERGIC GREASE AND EXOERGIC COATING
COMPOSITION TECHNICAL FIELD [0001] The present disclosure relates to a zinc oxide particle
having large particle diameter that can be used in the fields such as exoergic fillers, rubber
accelerators, pigments for coating compositions and inks, such electronic components as ferrite and
varistor, medicinal products and such cosmetics as foundations and sun screens, a method for
producing it, an exoergic filler, an exoergicresint eamposition, an exoergic grease and an exoergic
coating composition. BACKGROUND OF THE DISCLOSURE [0002] Zinc oxide is widely used in
the various industrial fields such as rubber accelerators, pigments for coating compositions and inks,
such electronlt-cofmponeris as ferrite dntrrinisior Medichal rodtictd ahd cosmetits A8 one of
various appliatinas of thisszirc axide,catexartgic fillerrasibeenqrapasedseerRatertDocuments 1
to 4). Howeverralimipaand aluminum nitride are usually used widely as the exoergic filler. Therefore,
the zinc oxide is put into actual utilization less than these fillers. [0003] However, alumina has a
problem that kneading machines become extremely worn in the production process of exoergic sheets
and so on,becatise Molislihdrdness of alumina is high. Further, it is difficult to add aluminum nitride to
a resin in high gengentration, because of poor filling property. In addition, aluminuntnitride is
expensive, so exogrgic arts rrg&d%ther?of IS expenfivte. Therefore, new exoergic fillers which 2 are
made of other matériaisithai such conventional rﬁgte?ia?ssareon%e(zi%a?[daﬁﬁ ¢ Pilié Bxide has
almost intermédizie themtalcondietivity betifderralupfinasie aRirdinam hitridé antdiis saitable for use
as an exoetgicHiller, However; zingioxide-that is:used-wideh fosindustdal useds afine particle having
a particle dé%@%&%{é’fé%%p% 485 and sych zinc oxide is infrequently-tised because inte ”aad%'a' area of
the particle increases, leading to increase In thermal resistance between eaéﬁ)parthle and degradation
in exoergiciropefty. A& Gt préferred BecHse the fid pafticie Hadimiaparficediametéfof himor
less has lafge:suidace-areazant therviscosiy 0Ea resineomposition comptising-theiparticle increases
to make imppssibls for e fine pagicle ko, mbs in-high concentialian. dha-particle diapetey of zinc oxide

is preferably larger because it can be expected that heat transier route in the resin composition is
increased 8¢ BE farticit GanEtergrdnlargsr dnfiniistevement heat transfer derived from

closest-packing effect is attained by combination other filler. Further, it is preferred from a point of view
of high heatAransferpropenty ta:have lessdale.and high density. 10005] Concerning zinc oxide
particles hagiéwf? 3, edian size (D50) of 20 to 120 um, the one disclosed in Patent Document 5 for
varistor is p éiy nown. When the zinc oxide particle is used as an exoergic filler, it is needed for the
zinc oxide particle f6-Raversl rgeSpaitittd disgweter Arid Rava high: dersity of pafticielinside. However,
the zinc oxide-pagticlediseleseddn PatertDecumentdhas thefallowing eharagierstics: (k) it shows an
aggregate-Jia shape and hesmany yaevennesy andine poces sa.unifony, parides, ean not be

obtained; (2) the zincoxide is designed to increase the number of primary crystal grains at the surface

of the partfef arnid-iide tHERSSF ST makKiflg the 2ie 'oxide mofe suitdbfe adthe &xdergiciller, it is
preferred textear the unegenriesshard fihe pores dtthex3 sutaceofthé particte lanel deerease the

_ grains at the-syrface-of the pagticle and-nside thereof to-be gensified. Therefore, the zinc oxide particle
disclosed in Patent DocCuLment 5is not iqtended for the use as the exoeég\;]‘i'c filler. In addition, it is not

preferred 16 USE thé Zifc bRid8 paticie®ad B hatiriat-for anteRbionit devide batauls the Finc oxide
particle coataifsialuprinatand fnsulation tHereoftends t6 decrease. Thatds, iascattiericarying a
charge of Zr@.is a free:eleetyon gnd hasdhedeature,.efN-type semiconductor. The conductivity would
be improve 5’8@3;9Pin9 Al3+ into ZnO, because it works as a donor providing a free electron to Zn2)
and the number of'the free electrons in ZnO increases. [0006] As a spherical zinc oxide particle,
the one that propoSé&d foftke figfe-Sfifufctichal ndterRals Sickh A3 vafistot(Hatent®6edment 5) and
self-cleanihg: powdee (RatentDocument 6)which showsuliravieletahsoptiongffect eatalyst effect,

antibacterigleffect of canductiye effact s aubligh nann-Hawever: ituas hard to blaina zinc oxide
particle being spherical and hlgg-densny and having a median size (D50) of 17 to 10000 pm by using

the above fethndfigy. {6007 - ThethhétHdd fStproduting Hisphéricd 2it€ okide articte having
particle didmeter ofchtu=50 pat by bakibg aawrganozineccompbihdivas beengpropesed (Patent
Document /) A -spherical particle-cquldhe abtained by, using the.technology, but,it coyld-not to obtain
spherical ptaéticles selectively because konpeito-shaped IE)articles were pr dLicfdrat the same time.
The inventor 6f t?%“pr%%eﬁf( iSCIosUre made-an additibnaltest and ftfound thatthe p"g?‘ﬁ(ﬁe‘ size
distribution of the obtained particle was measured and the median size (D50) was several micrometer,
so particles having median size (D50) of 10 pm or more could not obtained. [0008] A zinc oxide
being a zinc oxide particle doped by a monovalent dopant is disclosed in Patent Document 8.
However, 4



only the zinc oxide of which the outer circumference is doped by a metal is disclosed and a zinc oxide
particle having specific shape and density is'not disclosed. [0009] In Patent Document 9, an
oriented zinc oxide-type piezoelectric material confaining at least one selected from the element group
consisting of Ca, Mg, Ni and Cu in the composition is disclosed. However, a zinc oxide having particle
shape is not disclosed in the Document. PRIOR TECHNICAL DOCUMENT PATENT DOCUMENT
[0010] [Patent Document 1] Japanese Kokai Publication 2008-19426 [Patent Document 2]

Japanese KekakRublicationtieil-246885i[Ratent-Rocument 3odapaneseriiokaiRublicatien
2007'7049§J§a}1%n§ (%ocg;_ument 4] Japanese Kokai
[0004]

Zinc oxide has almost intermediate thermal conductivity
between alumina and aluminum nitride and is suitable for use
as an excergic filler. However, zinc oxide that is used widely
for industrial use is a fine particle having a particle diameter
of lum or less and such zinc oxide is infrequently-used because
interfacial area of the particle increases, leading to increase
in thermal resistance between each particle and degradation in
exoergic property. It is not preferred because the fine
particlie having a particle diameter of lum or less has large
Sdrfaceareaandtheviscosityofear@sincompositioncomprising
the particle increases to make impossible for the fine particle
to mix in high concentration. The particle diameter of zinc
oxide is preferably larger because it can be expected that heat
transfer route in the resin composition is increased as the
particle diameter grow larger and improvement in heat transfer
derived from closest-packing effect is attained by combination
other filler. Further, it is preferred from a peoint of view
of high heat transfer property to have less hole and high
density.

[oo03]

Concerning zinc oxide particles having a median size
(D50} of 20 teo 120 uym, the one disclosed in Patent Document 5
for varistor i1s publicly known. When the zinc oxide particle
is used as an excergic filler, 1t ig needed for the zinc oxide
particle to have a large particle diameter and have high density
of particle inside. However, the zinc oxide particle disclosed
in Patent Document 5 has the following characteristics; (1) it
shows an aggregate-like shape and has many unevenness and fine
pores, so uniform particles can not be obtained; (2} the zinc
oxide is designed to increase the number cf primary crystal
grains at the surface of the particle and inside thereof. For
making the zinc oxide more sultable as the excergic filler, it

is preferred to clear the unevenness and fine pores at the



Publication 2002-201483 [Patent Document 5] Japanese Kokai Publication 2008-218749 [Patent
Document 6] Japanese Kokai Publication 2009-29690 [Patent Document 7] Japanese Kokai
Publication Heill-49516 [Patent Document 8] Japa®ese Kokai Publication 2007-84704 [Patent
Document

surface of the particle and decrease the grains at the surface
of the particle and inside thereof to be densified. Therefore,
the zinc oxide particle disclosed in Patent Document 5 is not
intended for the use as the exoergic filler. In addition, it
is not preferred to use the zinc oxide particle as a material
for an electronic device because the zinc oxide particle
contains aluminum and insulation thereof tends to decrease.
That is, a carrier carrving a charge of ZIn0 is a free electron
and has the feature of N-type semiconductor. The conductivity
would be improved by adding A1®" into Zn0, because it works as
a donor providing a free electron to Zn°" and the number of the
free electrons in Zn0 increases.

[0006]

As a spherical zinc oxide particle, the one that proposed
for the field of functional materials such as varistor(Patent
Document %) and self-cleaning powder (Patent Document 6) which
show ultraviolet absorption effect, catalyst effect,
antibacterial effect or conductive effect is publicly known.
However, it was hard to obtain a zinc oxide particle being
spherical and high-density and having a median size (D50) of
17 to 10000 um by using the above technology.

[0007]

The method for preducing a spherical zinc oxide particle
having particle diameter of 1 to 50 um by baking an organczine
compound has been proposed (Patent Document 7). A spherical
particle could be obtained by using the technology, but it could
not to obtain spherical particles selectively because
konpelto-shaped particles were produced at the same time. The
inventor of the present disclosure made an additional test and
it found that the particle size distribution of the obtained
particle was measured and the median size (D50) was several
micrometer, so particles having median size (D530) of 10 um or
more could not obtained.

[oo0g}
A zinc oxide being a zinc oxide particle doped by a

monovalent dopant 1s disclosed in Patent Document 8. However,



9] Japanese Kokai Publication Hei8-310813 SUMMARY OF INVENTION PROBLEM TO BE
SOLVED BY THE INVENTION [0011] The object of the present disclosure which has been in view
of the above-mentioned state of the art, is to obtaid zinc oxide particle having low hardness, superior
exoergic and insulation properties, and large particle diameter and being high-density and to obtain an
exoergic resin composition, an exoergic grease and an exoergic coating composition that show an
excellent exoergic property by using it. MEANS FOR SOLVING OBJECT [0012] 5 The present

disclosure eglatgs:toa zingoxide particlepeing high-density; whigh hasdensity of 4.6, g/em3 or more
and median size (D50) of 1g.to 10000 pm It is preferred thatt.th ziEc oxide ?articlefhas at least
tal 1sdisclos § 1.C

. a m and.a zinc oxide par & Navin =2c1tic
85.0 weight%o purity of Zinc oXide an cor&alns, as other mePa"fs, at Jeast one aliic elemment selected

from the gréipRONSRENE SF Md; 1Ca, NiCh, £il N, ¥€8Ad Cu of less than 15.0 weight % as oxide
relative to thipweight of the zinc oxide particle. It is preferred that the zinc oxide particle have the

aspect ratio of 1.0%{,?0%%3%@m Freferably, %Q% Qr rggrieep)alréigle%q{ éh%%sg%%:lpe%sgg%vg the aspect

ratio of 1.10 or les The present disclosure relates to a metho ucing a zinc oxide
particle, coriiiig-a Step AL rhiirtla SoUrGE 68 Afc bitepatitle witR at Rést 68 compound
selected frameghe: growgndonsisting of orgaikc acids,corganic basgs, organic aeidsiinorganic bases,

and salts thereafnqtgontajning: a halogen to:granulate, and astep:(2) of haking the granulated particle

obtained in §§aid step (1) to obtain the zinc oxide patrticle, too. The organicacid, organic base,
inorganic atitf fforg&nic Base: BF st Bierebf is Preferabiy Tarboxylic acid, nitric acid or salts thereof.

[0014] The present disclosure relates to an exoergic filler comprising the zinc oxide patrticle.

The presenimglisglosurenglates to-an exeergic resin composition comprising the zinc oxide particle.
The preserg&ﬁqs e 18 to an exoergic grease comprising the zinc oxide particle. The
present disclosure relates to an exoergic coating composition comprising the zinc Oxide particle.
EFFECT OR THECINVENTION [0015] 6 The zinc oxide particle of the present disclosure is large

particle and high éeasity; seqit:Ras hiph exeergic: prapertyianslis useghas-thecexoergig fifler especially

suitably. Thetefars, It has becorme ?%‘Qﬁfﬁtﬁeoﬁbéa%‘o%%@e@ic [e3In compos{tion, Ap.axoergic
grease, and exoergic coating compgsition that have an excellent'exoergic property by using it. BRIEF
DESCRIPTIGN 62 THEDRRENING S [ODsjnese Kokai Publication 2007-70492

[Patent Document 4] Japanese Kokai Publication 2002-201483
[Patent Document 5} Japanese Kokai Publication 2008-218749
[Patent Document 6} Japanese Kokai Publication 2009-29690
[Patent Document 7} Japanese Kokai Publication Heill-49516
[Patent Document 8] Japanese Kokai Publication 2007-84704

[Patent Document 9] Japanese Kokai Publication Hei8-310813

SUMMARY OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0011]

The obiject of the present disclosure which has been in
view of the above-mentioned state of the art, is to obtain zinc
oxide particle having low hardness, superior exocergic and
Insulaticn properties, and large particle diameter and being
high-density and to obtain an exoergic resin composition, an
exoergic grease and an exoergic coating composition that show

an excellent exoergic property by using it.

MEANS FOR SOLVING OBJECT
{oco12]



FIG. 1 is a scanning electron microscope photograph of zinc oxide particles of the present disclosure
obtained in Example 1. FIG. 2 is a scanning electron microscope photograph of zinc oxide
particles of the present disclosure obtained in Example 1 at different magnification from FIG. 1.
FIG. 3 is a scanning electron microscope photograph of zinc oxide particles of the present disclosure
obtained in Example 2. FIG. 4 is a scanning electron microscope photograph of zinc oxide
particles of the present disclosure obtained in Example 3. FIG. 5 is a scanning electron
Eigogf_?ope IOhOtQQf@E.hEQE@%QXiQQMB@hQ%@f H@@h QE%S@E@%C@%W@_ ?QI%F%E&%&@DBLQ 4-|

. 6 is a scanning.electron microscope togr of zinc oxide particles of the present disclosure
obtained inbg%grﬁr}%lgg_d@ﬁé%?”ls %ﬁslccgfﬁr?fﬁgg e%fzec Foln%%igrgs%ége%/ﬁco%g?gpﬁmc%ﬁn%%xide particles
of the presBfitdisélosareobtained inExamle 60000 G 8 is a scanning electron microscope
photograph of zincoxide particles:af dherpresemt disclosuse Obtainedtin Example 7= 12aEK5. 9is a
scanning ejaction micasqope ANologiaph of 20 guide paliles of 1nepresant disdlosye obtained in

Example 8. . 10 Is a scanning electron microscope photograph of Zinc oxidé particles of the
present distlosG@ SbtaiRetFinExarfipie 97en T Fide 158 a" SCARInG Electorr RfiGroSESpE photograph
of zinc oxidefparicles: of the peseritdistlesure ebtained ifExampleddn 15.FlGa12ksa’scanning
electron migroscopephategraphotzing axidg pagicles, of thepresent disglgsurgohtained in Example

10 at different magnification from FIG.11. FIG. 13 is a scanning electron microscope photograph
of zinc oxide particles GfthB presént discdibsire Ohtained in BXaMple’ Tt - #16718 igggcanning
electron migegstopeotographiofFind-oxide Particles of the present disclosure obtained in Example
12. FIG. 15 isa-sGanning glection micraseepephotearaphof zine oxiderparticles-fthe present
disclosure gggai%%d Een l%xgrggLe 12 at gliffféer(ljtrmﬁgnigcation from FIG.14. FIG. 16 is a scanning
electron microscop% p%ot(‘jgra‘b% of zinc axide partlcﬁeé of the present disclosure obtained in Example
13. FId.0rZi&la scanning electron microscope photograph of zinc oxide particles of the present
disclosure obtained ire Exaemple 441 s o1 FHG - 2818 asscanning £leetron micraseopse:iphdatagraph of zinc
oxide pa”“é'e%i%h&&r&ée&é9’@99?8[‘3@&% '%g %%Eéa@%ep%zg] ] of%%tgallﬁézg SganNIng electron

microscope photograph of zinc oxide particles of the %resent disclosure o in Example 16.
FIG. 20 is & scanfirfy Bledror mistdEcope Pridtddraph ofARc dXide particfed sk fife 51es8ht disclosure
obtained infExamplesl 7 roup FIGr2l sta scammingreleetron microseope phetographeafezinc oxide

particles of;the prasent disclosyre optained in Examplels. . g FIS, 224s a scaanipg glggtron
microscope Shoto raph of ﬂ%ﬁjﬁx'de articles in. Comparative Example 2. FIG. 23 is a scanning

electron mi C g Zinc oxi Il e pres ISC nedn
lect (CroEcopRpHOtd F2ine oxide Particles 6f the praseht didciBEure dbtiined T
Comparatigg Example 3.pa © tRIG. 245-5 scafning Tlectrefh pictoscopecphictograple of Zinc oxide
particles ofthe psegent:disclesure-btained in Comparative Example 4. FIG. 25 is a scanning
electron microscopﬁ}phot%géagh of z.i%c oxide Harti%Ies of the (present disclogure obtained in
. e O n i': a%% orga 1 a]se 1T r(%anlc ach lE’lOJﬁgafl'llC .
Comparative Example 5. =~ FIG. 2k 1S a scanning electron microscope phofograph~of zifc oxide
particles ofthéresertdisciostiré obtamed if Esrmparafive Example6:c1d/ FIG 27 fs3s¢anning
electron microscopesphaiegraph.of Alumina in Comparative Example 7. FIG. 28 is a scanning
electron mioE"B%qqﬁe photograph of Alumina in Comparative Example 8.
The present disclosure relates to an exocoergilc filler
comprising the zinc oxide particle.
The present disclosure relates to an exoergic resin
composition comprising the zinc oxide particle.
The present disclosure relates to an exoerglc grease
comprising the zinc oxide particle.
The present disclosure relates toc an exocergic coating

composition comprising the zinc oxide particle.

EFFECT CF THE INVENTION
[o015]



FIG. 29 is a scanning electron microscope photograph of zinc oxide particles obtained in Comparative
Example 9. FIG. 30 is a scanning electron microscope photograph of zinc oxide particles of the
present disclosure obtained in Comparative Exampgle 9 at different magnification from FIG.29.
EMBODIMENTS [0017] In the following, the present disclosure is described in detail. The
present disclosure relates to a zinc oxide particle which can be used for various exoergic materials and
has median size (D50) of 17 to 10000 pm and a method for producing it. In the conventional use of the

exoergic fillers, thetg is no.examplewith-a zincoxide having median size (R50).0f 17 10,1000 pm and

density of 4.0 cm% or more 'usk?dd and,the method for I‘O(Jlé%l}:]g such zinc oxide has not been
investigatel “THé prés8A dISEIBE e Has Beert onipléted by rhamgihdr thé Zint s o%ide Particle
having the Specifict vetizn Sixes(050¥ drid density has serhore préfentedpropgBntythdn cenventional
zinc oxide. {048k becthezigsexide partcip etthe present-disclosurashasdensity of 44,9/cm3or
more and ngﬁdéaan%i;% 3@:50}8]; 17e toalrggoeo %@rThgtri%ﬂt e r§inc 8?%98 ézatrg%% i§§h§rgct$rized by
larger particle diametér and hlgﬁel’densny fian the conventional one. Such Zinc oXide Sareﬁcle has not
been publié§ kRdHA LRI fifst prodiceFBPBRIAVektors 8Lk présent disclosure. In the
specification, when a powder is divided by particle diameter based on the median size (050) into two
groups, bigger groyp-and smaller; grpuphave.equal,amounts. The median size (050) is measured by
laser diffractjon/scattering particle size distribution analyzer LA-750 (manufactured by HORIBA, Ltd.),
or by statisti %Pﬁw%%ns with the eye. The visual observation can be done by scanning electron
microscope JSM-5400 (manufactusecd: by JEQLs 14d.).rFine particteshag supériarcpropetty @s the
exoergic filler derived ér@n%mﬁtfye%%n mentioned.ahove, begause the medigp.size, (Q50) thereof is
within the defined range. [0019] The lower limit of the median size is preferably 17 pm, and more
preferably '6%%]1%e Upper limit of the median size (050) is preferably 1000 pm and more preferably
100 pm. [0020] EThe derisityzofihe zintrexige paiicte obtherpreseptedisblosaereainbemeasured
by Gay-Lussaetype pyengiaeter cThe lowerlimitofthegdesasityismerepseferably4.0.g/emgdand, still more
preferably dééa%}%ﬁ]e?)' il' hé? hig@-iglgggit}/h%inrgaoxlj}diefB%ratiglieodefpredwb%tpg akiove-mentioned range
easily produces heat conc;uc.tlwty and has su%enor proper&/ as the exoergic filler because the particle
is dense particle with @-few RéllGw PoRGEHS H thé ehsity i e35 WarrRD §lptd Suffidiestiexoergic
property needed foxthispresent.diselosure cananat beehiaingd s 4040021 o trERe zinc oxide particle
of the presggtagggglgsgrp preferably have apparent density of 2.50 g/ml or more measured by JIS K
5101-12-1 test methods for pigment-apparent density or apparent specific volume (static method).
Such apparent derfsity is an‘ifdéafiFé VAR ofHersifcatioR fmgh Hemity Pantt rsgiiatorPand
uniformity inishape:ofdke particle: Suehzinctoxideparticte:haldng highuapparentzdersity tras the
advantageshatthepasticle shows superior exoergic property due to high density of the particle itself
and the filling rateoggIz re%in can be increased foi the reason.that the %artic e has zoh ricalshape and
high uniformity. [0 % Te Zint-Gxide Particts 6t the preseit disciBSure Preférably h&Ve tap bulk
density of 310%/Eis @F niors MeastFed Aciording 16 HS R 1639208 ucls zink loxideepariicle showing
high tap butk depsity laas the advantage that the particle has superior exoergic property due to high
density of the particle.itse e filli te to a resin can be increased for the reason that the
particle has spheri?a%%ha%e% ragrju%p hlsg%g&%f[g}%t%fﬁ)%g%% mlﬁ]%ozsiﬁg %‘Sg(iope%ﬁ)a{erﬁglzéa&?%hgnﬁresent
disclosure Ts-preférablySsphiafical Sphefidal paftickiscesi be ElbsE3CFAARACSG e Brbpbition of the
exoergic filleroanllsge hcreased. Preferably, this results in higher exoergic property. The shape of the
particle can be obsefved by scanning.eleiron Ql"é@éfBB%??M‘ééQgé@aﬂlﬂé%%@%?y JEOL, Ltd.).

The zinc oxide particle preferably has an aspect ratio of 1.0 to 1.5. When the particle is used as an
exoergic filfer &s te 4speet Fatio-cdimes tloséto £ HE f5e brichtafior B fﬁl%@éé’l%qeﬁ? Therefore,
a resin molaegirtieletn which fillers are filled uniformly can be obtained by pressure molding from all
angles. The aspecttatio is marespraferabiyb. 101erdess, {0024 41 o p dNdhe Zing-axide particles of
the presen%disgloguged 90‘%{;;1%@0{% of 'glg p&{t{lcles ggegg%abl .ha\ﬂ[e the aspe}ggcratio (g 1,10 or less.
That is, the ﬁlﬂng Fate when Used as Tiller is eaS|Iypd%crease it Sgr i%Fe%nn@av?ng ﬁijgﬂeaspégt ratio and
low spheriéii2&iefixéd. Therefore, it is preferred that particles having true spherical shape are mixed
at high rate. In addition, i990% er more:patticles:kave-the aspeet ratiooef LAG0sdesgwher the aspect
ratlo of all paticles, xieling g he. feld of visianuin an.gleptron microscope phologiaph were meastred
and the aspect ratio of 250 particles in all were measured by the above-mentioned operation, we
judged that-86%dfmbre of the particles have aspect ratio of 1.10 or less. [0025] The zinc oxide
particle of the present disclosure preferably contains at least 85.0 weight % of zinc oxide as oxide.
That is, it may contain other metallic elements than zinc. In this case, the content of the other metallic
elements than zinc are preferably less than 15.0 weight % as oxide relative to the weight of the zinc
oxide particle. The zinc oxide particle in which the content of zinc oxide is high is preferably because
heat conductivity is easily generated and it has an excellent property as the exoergic filler. [0026]



The zinc oxide particle of the present disclosure may contain at least 85.0 weight % of zinc oxide and
as the other metals, at least one metallic element selected from the group consisting of Mg, Ca, Ni,
Co, Li, Na, K and Cu of less than 15.0 weight % refative as oxide to the weight of the zinc oxide
particle. [0027] The zinc oxide particle containing the above-mentioned metallic element of less
than 15.0 weight % relative to the weight of the zinc oxide particle is preferred regarding high
insulation property. Zinc oxide is a material having high conductivity. For this reason, when the zinc
oxide particle of the-present disclosure jsused as anexoergic fillgk for é%%%gygsﬁvws, the high
conductivit may not b preferj*ﬁe,d.][0028é The content of %}T% rrgeta lic eIePrC%en Is more preferably
Tl %b <

less than 150 \eight % as bkioe Tefative to tHEWEGRT6F the K08 partiche-gad €t iore
preferably 2:046%5.6 weight %. The lower limit of the contained amount is not particularly limited but is

preferably O . 1 weight:% far ingreasingrinsuatien prapesty eneuahs {09291+ bp.exeergie filler has
the functiog .%igcroe}gfg Ei,the gxggr i% grOé)ErtXr\{veheg nglggnuﬁp i tlo a grease arcl%% ar§%i€r_:_1 ds,h:clarqt. However,
it is desired that the exoergicﬁi er have high insulation proper y%ecause ese grease and Sheet are
often used ¥&r&lBétForfi€ devices. The insulation property of resins used for such purpose is generally
high. If insulation praperty. of asmaterial diled inside is lowy, the dinsidation:propertysas:awhale is

decreased.. Therefos fhe exoergic materials fa.o6 psed prefgiably Ao haveugh insylafign property.
[0030] If zinc oxides of 62.9 volume % are filled as an exoergic material in a resin which having
insulation PrEpakY Br SPedific YoltinTe FatdistiREE valus ot 197 516 %6m Wiientolded into a sheet
shape, the specificNolumeIesistanse aafuengf theeshieet with be:greathyreducedtorEdnte 101 Q .cm. If
alumina, being & matetial Raving highiingulation propertyy is filed in the, samecompositionas
previously E)}ggl%) g Ehle specific volume resistance value of the sheet will be 1011 to 1015 Q cm.
Therefore, a greatreduction of the specific volume resistance value is not occurred, but alumina is
disadvantageous irf tHat its?hareriessds hight as sReritioned above fx ae exbetygie nrerialfwhich is
used for an-eleetrenic glevicer a mategaliraving:high exeergiciand insulationproperies angd low
hardness. E)}anlal) ~ Jhe zinc oxide particle containing at least one metallic element selected from the
group consisting of Mg, Ca, Ni, Co, 13 Li, Na, K and Cu has notably high insulation property
compared to a higrﬁﬁgﬁty@in};‘%ﬂdé?ﬁ*ﬁé‘rﬁ&e‘?%Em@%%%@&m@oﬁf&ﬂﬂﬁﬁ e métallic element
is preferablyiusedder the purpose that requiresaigh inseation preperty dkthelzind axide particles
containing a,mefallic element of 62.9,volumg 9% are filled Up, as:an, exoergic material into a resin which

having specific volume resistance value of 1015 Ocm when molded into a sheet shape, it is preferred
that the specific volurite réSistahée YaRIET0MHe Dbt&ihEd SHEEE £ BRRRaimtahed H &evél of 1011
0.cm or morenf0082fde e content offatieast mnesnetallicielement selectedHfiomdhe. group
consisting pf:Mg,€a, N, .Co, Li, Na, K and Cu is 15.0 weight % or more as oxide relative to the weight
of the zinc oxide paprﬁigle, 'ig's.not referred because gche exoergic property decreases. [0033] In
addition, when the zine"oxide particle contalng the Above mehtibhed Ristaliic er&hBAES! High insulation
property can-Bé oBtairisd . IMoever ewhert thehAne sxiderparticle edatainsothbic mistalfic élements, the
enhancingetteatsifer insulation property may not be obtained. So, in the present disclosure, it is
preferred to contai specified llic ele t Therefore, it is preferred that aluminum which
is an undesirable rr?%lic%leﬁ%r?ﬂﬁ%g%?eld# (%i?i'? gft t %ﬂ%ﬁl%ﬁ%ﬁ%?g%eéé %%ﬁgtrfcg?\q/e?fadded and
aluminum &bt CBﬁtJa‘ijr‘?eoPﬁPHs%%ﬁly.oﬁloﬁéﬁ%e%ﬁ%ﬂﬁtthé%%ﬁﬂé?ﬁﬁﬁre%%*éﬁ%@oéfweight % or
less as Al &xelative ta. the weight of the zinc oxide particle . [0034] Generally, it is done to
combine small pargiele, middling pasticle, anglarge patticle,concerning papticle diameter for high

exoergic property of the exoergic material. The zinc oxide particle of the present disclosure has
preferably DYOID 15650565 iess” THat R the Yatis oF B8 and Grotis Hréferabiy Sriaiidthit is, a coarse
particle ha¥ingraxiremedy large 14 particle diameter is few contained). In this way, the exoergic filler

which can be closest-packed:is preferahlyiprgduced because arbitrar-sized pasticles cane arbitrarily
mixed by decrecasé)n .the co(_g}ecnt C:olf goarse p&qticlesr%g% z%akci{]% gﬁrticle size gistributié)n sharper.
[0035] 510 an 38 aré values dsetermine(]eb)]?measurlng the pgr“?i%Feesi?e distfiliition™ 010 means
10% cumufatiRidietticlé diameter on volume basis and 090 means 90% cumulative particle diameter

on volume basis. These values atesneastired by theisamemethod asthegnedian.size,(@50). [0036]

zinc oxide particles of the present disclosure obtained in

Example 18.



As mentioned above, the zinc oxide particle is not particularly limited concerning the producing method
thereof, but it can be produced by the following method. This method for producing a zinc oxide
particle described after in detail is one aspect of thé present disclosure. [0037] The zinc oxide
particle of the present disclosure can be obtained by a method for producing a zinc oxide particle,
comprising a step (1) of mixing a source of the zinc oxide particle with at least one compound selected
from the group consisting organic acids, organic bases, inorganic acids, inorganic bases, and salts
thereof to granulatg;rand asstep (2) ©f bakingtheigranulatec particie- ebtained ithe-step{#). By using
the above-mlerqct:iog%d method, it (t:)%comelsl pgsrsﬁibge té)%%rggu&% IaH{ eeargounts of zinc oxide particles
having median Size (]O%%) %?ﬁ]to 600 pm thatt show Tew partic “fusioh and are baked into particle
inside well. The abbvé&-méntiéied ricthod fBEprddiicinga ZMCELitePartiElags sakamle méethod for
producing spheticakzine oxiglerpartieles.0038le prEiemethnd: for graducing azinc:axide particle of

the presenEg;gglg yte: comprj %%Ehae step (1) of mixing a source of the zinc oxide particle with at least
one compound selected from the group consisting of organic acids, organic bases, 15 inorganic acids,

inorganic bases, arid alt¢ thérddt t8granafate. StEPT 154 SR BErphipifF 8 2Burde of the zinc
oxide particle i waterdandomixing-with anforgamsic acics antorgaric baseyan inorganiedcid; an
inorganic basg.r.salt thereof fa. granulate. [0039] In the method for producing a zinc oxide
particle of the present disclosure, a source, of the zinc oxide patrticle is usei&s .a rawe{gat%rial. As the

source of the zinc 6xite particié i RSt PAMcHafly firmited brovicedTHarit Al coivetd 1 zinc oxide
by baking butrincledesizing axides ke nitFatel2zine salfate’ zifé cadsonate, Zmchydrosiderzinc
acetate, angb59-0R=AS the abavgs-mentioned source of the zinc oxide particle, zinc oxide is especially
preferred. The source of the zinc oxide ﬁggigle gige;avb% has median size é%Sfog 0f 0.01 10 1.0 pm.
The median size ( ?'of fie Soufcé of the Zifc oxuﬁje‘“par icle is meastired y las FoE O
diffraction/sceittering rérticle size-diskibfiofn analzer EAL750 - GRamifastréd by HORIBA, Ltd.) or
dynamic lightrapattering-padickargize distribution analyzer ELS-Z2 (manufactured by OTSUKA
ELECTRONICS, Lid,). [0940}, o  The.zine oxide which is ysed.as.a taw material is not particularly

limited, but the zinc oxide produced in French Method, American Method and other common methods
can be usett: PAHildry, ZieP6xias Which &35vBdced in French Method is preferably used because
the zinc oxide has fevimparities a[604d4 n i ndl kel erganiciacids organie base cinopganic: acid, and
inorganic basginclude, forexample, acetie acid, girigacid, propionic acid, butyric acid, lactic acid,
oxalic acid, stearicosgid, ggggic.acid, sulfuric, acid, gdro en peroxide, hédro%%ion, ammonia, pyridine,
piperazine, imidazdlé Ahd so oh. THe SAIF tHeFeot COntAINS, for examiiis Sakmiomant satt, Zinc salt,
magnesiunt salt, coppeée sah réalcibAapsal hicket salt, cobaltsatia Sodiantsaltpotassium salt, lithium
salt, amine salt, andcesium salt, Meraspacificallye ammeniympalycarbexyate; o 46 Zine acetate,
magnesium agetale, capper agefale, sodium.gcetale. polassiym. agalals, ithium acelafe, jfhium
stearate, zinc nitrate, lithium nitrate, magnesium nitrate, copper nitrate, calcium acetate, nickel acetate,
cobalt acetaf&!aHicAsutate SRR hydroxide: S68HAT hyBrsiide, Potassiammdoxide &3d cesium
hydroxide may be used. Especially, sodium salt, potassium salt, and lithium salt is preferred
because it js.able tomake the surface of the baked particle smooth and adjust the particle shape.
[0042] he mixing amount of the organic acid, organic base, inorganic acid, inorganic base and
salt thereof @Béﬁjs on a component to be mixed but is preferably 0.1 weight % to less than 15.0
weight % as oxide ielative tbtheé aveight,otthe soweeof tHe ginoexide partickswhenaometal salt is
used. Becausezinc oxides are baked densely on baking process and the insulation property is
increased. Whgn acetic acid i § used as the Qj@ilnig acid, o%ganic base, inor%anig acid, inorganic
base, or salt theredf, the” r'“néiexslﬁaé1 amGunt of the acetic acidis pore er%ljb?yco.cixtjbdfo. aﬁéibﬁ % relative to
the weight ohthehseaiee of fve difesxitrrparticlebecaiseczine (Bddes sré baked uewselibn baking
process. [0943F ( Ditoweyer, thecorgamiciagid, arganiebase,dnergapie agid; inerganic base, or salt
thereof shquld not be one containing a halogen co nent.such. mmonj omide and
hydrochlor(ig%:%a@cidc.:wplfegﬁ %hleoggmpgun% éﬁtaﬁrﬁlﬁg %%%ggé% crc?rﬁ%sé%é:r%] is #?%e%é, ﬁég hé%g to obtain a
zinc oxide BEffRRBelhg-SpRetical divhisying mBdidiFsize (550)f F7 ¥ 10060 (. 10644) The
zinc oxide partictedcanrtaining zing oxide of/ 850 weight #& on moie antbatibasterne mitdlic element
selected from the group copsisting of Mg, Ca. N, 0, L, N3, K.and; Cyof less:than 15.Gweight % as

oxide relative to the weight of the zinc oxide can be obtained by using,.a compound containing the
metallic elétEMAs apartor AFSFHE Srgamie acii orgaic l?@?y bass Mistganic acie ifidrganic base,
or salt thereof. [0045] As the organic acid, organic base, inorganic acid, inorganic base, or salt
thereof that can be used for the purpose, for example, magnesium acetate, magnesium nitrate,
magnesium hydroxide, calcium acetate, nickel acetate, cobalt acetate, copper acetate, copper nitrate,
sodium acetate, potassium acetate, lithium acetate, and lithium hydroxide may be cited. [0046]
AstheotherMethodforproducing, the zinc oxide particle can be also obtained by combining the organic

acid, organic base, inorganic acid, inorganic base, or salt thereof with a metallic compound containing
At loaact nne metallic alement caelacrtad from the Aarornin cancictin ofMa Ca Ni Ca |i Na K and Ci



The compound containing the metallic element can be obtained in the range of 0.1 to less than 15.0
‘weight % as oxide relative to the weight of the source of the zinc oxide particle. Both exoergic and high
insulation properties can be obtained by conducting in the above range. [0048] The granulation in
the step (1) is not particularly limited about the method thereof, but it can be conducted by a method
comprising dispersing the source of the zinc oxide particle and the organic acid, organic base,
inorganic acid, inorganic base, or salt thereof not containing a halogen into water to prepare a slurry

and spray diyingand:other-methods. Inadditions there is anethod comprising agdding an.aqueous

solution of tge or%nichacid, orr%gnic base, inorganic acid, inorgranlc base, or salt thereof not containing
a halogen to?ﬁeS SoUrce St the Zine o%ﬂ%fﬁgrﬁglg EHERGA therRwit? 8 &Rar gRshultor Sspartan
mixer, hensehetimixer, or marumerizer to granulate and other methods. [0049] 18 In the step (1),
if the case of ysing ghe slurry, a dispersant may be used. It is preferred to use a fatty acid salt as the
organic acid salt begause the organic acid salt itself has a dispersant function so the slyrry can be
obtained easily. C_I(%%%U%Jdrs}%hé% clagﬁebg %‘Eé’& %ﬁﬁatﬁ? a?l |spB.err§§r€1a aLreillo%%];?tiSc%]faerl;{q I%ﬁited but
include amfdRfNT POlycardb®y/&te saft Po1Z532A Ieshiutacturéd By KAOCorpoiatiort 194.). [0050]

A method fomprepeting the, stirey 43 notqartieutarlydinited hutdnelugdes <for example, armethod
comprising adding.the abayestuantoped comnonents fo watel and dispgising. A ip 30,00 for 10 to

30 minutes to obtain homogeneous slurry having the source of the zinc oxide partlgle content of 100 to

1500 g/l. [0OBE]* Z+PFhe et 6f dray BRFEGE Metarichlar iy miea Butnelddesifot example, a
method comprising spraying e shurprinto-fowihgtaie at abeut15Q1t0:300 Cabytwo-fluid nezzle or
rotary disc tg,prodsce granuated particles haping particle diameter of about.20 ta 100.nm. On this
occasion, it is greferre% adéust,the slurry cl?n entration within the range of 50 to 3500 cps of the
viscosity of th& STurRl: THEVISESsify of tha s r?é 15 meRstred By GEMYB 1y pe- GREsETEHP
(manufactupéd! bfEOKYO KEIKE [tdy)svith 6@rpmshartes InThis ftowihgrais,ithe granllatéd particles
being driedwggﬁ?p@_d by,a fiﬁd@rs\é/'ﬁh_Sﬁbmgﬂﬁgﬁg@@gﬁﬂ@éh rllfgtheg%lirgi}é@g)ﬁig% drying
temperature,.and flowing speed are withoyt | esired range, the granulated particles becomes
hollow or ta%%%tdrejp%é‘s”s%%rgﬁgpaei )[76(%2 A ﬂﬂ‘?lqje gzﬁr?cnggﬁg%%ﬁ?ﬁgeg %zﬁnﬁbgého alﬁé%adbj baking the
particles thti§ obtaifed - THé baking'Esrditivis aré et pHfticuldMElimitedutdbis prefefreeto conduct
the baking aader the candition that thechaking tempekatireds 700ite A5000QQ; therbakingdime is 1 to 3
hours and t Q.1 i Kin e statig baking b ted in_a pat. made of 19 mullite
or mullite/c%ﬁ%?ﬁ%ﬁn@s n%grgeﬂéreggljl fjli:on u%%ed%a%%% %Clt§ 1%18% C By %5&%6 in the
above-merftbRBE Methéd zitoxideparitles %hg&\ﬁ@ féfrpaiticle f65Bn ARG béingPaked densely
into the partieletinsideccanbevebtaineda {0053t he Thd rakingiatdesdthan 70heQ ésorfot:preferred
because thg:particle ymay Rethe haked sufficiently into the particle inside. If exceeding 1500C, it is not
preferred beggl(?lﬁ% he particle fusion proceeds. [00541 The zinc oxide particles obtained by the
above meth )ave a sharp particle size distribution, but the zinc oxide particles may be classified
using a sieve if sharpér particle sizedistibutiba igrshuired orin drelerte femalré a few coarse particles
contained theteino Faeclagsification usingna sievedngludes wetclassification-ang:dry classification.
[00551 if the particle size of ource _of the zinc oxide particle a aw material varies in
the methodf%ég r}sar%% w% %%%I}%%tic%@ gsuﬁeﬁt%})%}e%ogﬁo%rgafng & % Yairieé‘é]r b{/lr%ldjusting the
amount of tt{éjﬁ?g%kic acid, organic base, inorganic acid, inorganic base, and salt thereof not
containing a halogam ¢helamaing of the: dispersant, dhe sturpeconcentration rard thehaking
temperatura, sultaly; 1o he:£25e ol sRvcdiiinall is abledo canvtal e adicle size byyarving the

slurry supplied amount in the case of two-fluid hozzle, and by va[ylnfg he number of rotations in the

h | :
case of rotarydisc. BY ThiSihg the BERAG témperattifel fifet Gerehy of the BAKE 2ic 6%idé barticle can
be increase®{6056¢ £ < r Athkyzihcoxiderpartities obiined by ithe abiove metheddzaveithe<ollowing
advantageg eyenthe copventionalzine oxidedasticles; 1. Jtjs pessible.fo increase.the particle size and
make the parti%%ggéherj%al. g.pléi not needed to use a flux that m amage an oven, 20 in the

od.

ot “The particle can be filied'in B Te5IR i thé Targe amdunt 9+ ¢ f1iier

production me
because the particle is dense particle with a few hollow

portions. If the density is less than 4.0 g/cm’, sufficient
exoergic property needed for the present disclosure can not be
chtained.



4. When the particles are filled up densely in a resin, extremely good exoergic property can be
showed. This effect is derived from the fact that the particle diameter is extremely larger than the
conventional zinc oxide patrticle, the particle shapes controlled to have spherical shape, and
crystallinity and density are high. [0057] The use of the zinc oxide particle of the present
disclosure is not particularly limited but the particles can be used as an exoergic filler, for example.
This exoergic filler is one aspect of the present invention. [0058] When the zinc oxide particle is
used as exoggie filler, the particles can be used in the form of a resin composition obtained by mixing

with a resin. In thisﬁc.lgse, the resin may be a thernl()éjlasgiic resin or a thermosetting resin and includes
epoxy resins, phenol resifs, polyphanylen& siifide Fesing (P%, polyestérresing polyamides,
polyimides, gotystyrines, palrthyleassnpofprepyienes, pol§yliryl ohioridecpotyvingkidersed

chloride, flugneresins, polymethyhmethacrytate cetbylene/ethyhacrylatg gopelymerdesin (EFEA),
polycarbonates, polyurethanes, polyacetals, polyphenylene ether. .
polyetherim%giséggr%%ﬁ%Ierli lﬁg %ﬁ%—s‘fﬁrie#g%o;E)](S)I‘y%:%rcregiﬁec(ﬁgg,'epso%é]es?%ﬁgﬁars}? liquid
crystal resifS{LEPY siffcéfe TE8inS 2adryficTasing arid Gtheriresinat fopso)h L ahTrEeexbEHyiC resin
compositionof the: prelsent disclostremiaysbe {1)a resinrcompeasitiam fortbermal maolding-abtained by
kneading a ther ic resin and-the zinc .axide icle ing ¢ it] 2 esjn.composition
obtained byggﬁggﬁ% zﬁlfhe%%égt%%% résgiﬁ J;ﬁ%dtrl;gazi%c%% %%ﬁ?clea%%g\%%g(blﬁ%%errgl}é%etting, 3) a
resin compBSiion f6raint Bbtaméd By didperSing thE Zine Britie parfdiedh AlresmstiGioor 21
dispersion licpsidt; orfothér eesin compdsition. f8060]cle Theatlditoniameurfticf the zinaoxide particle
in the exoergic sesin comMpasitien of the-present disclosyiee can be arbitrarily determined according to
the intende}qapserformgrnggé){ tg%gesin clgﬁp}gsit'oq such as exoergic property, hardness and so on. In
order to express%ﬁe exoergic proﬁ)e?tyao he zinc 8)%5 %aﬂib?é’ Sufficiently, the addition amount of the
zinc oxide p&ﬁiﬁé% preferably 60 volume % or more, more preferably 68 volume
%ormorerelativetothgtotalsolid matiersef thesresin-gempesitian.: {0061k s e »n When ihe gxogrgic resin
composition of the ent disclosure is a resin composition for thermal molding, the resin component
maybe selécte ?nrgé?&g%%‘ég {0 e% 5213 E%PS)%%%p?g %vh%go theFBsi Eoiposition f& Piated between
the heat soBF&EaRd e '€xoergif FateP o’ makethém Sty BREL FeSihs IFaving high adhesion
property antblowthardnessrsuthasisiicone eesinsvand agrylictiesins €an besetected: [0062]

When the exgergic fesin.compositiop of the fféé%mc@'ﬁ?l rSé%§_i@§'%%0{?}9é’%%9&50%1°@'“t' the

resin may be a hardenable one or a nonhardenable one. The coating composition may be a solvent
type one contafning %?éiaﬁ(?&esdq%éﬁt%rﬁ A Bgued s typelohé eBrtsininy"a TESiA UisSdivedor dispersed
in water. [0083Font Whef thé lzénc pxride iparticletis sisedrascan exdergit filker, thengarticlermay be used
as an exoegi¢ grease-ghtained by mixing with a base oil which contains a mineral oil or a synthetic oil.
When the p %'&eg? are used as this exoergic grease, as the synthetic oil, a-olefins, diesters, polyol
esters, trimellitic gters, polyphenyl ethers, alkylphenyl ethers and so on can be used. In addition, the
particles can be usefifasaiéxcetgieyréase dbtbinedbytmixingrwithsilicones ol {0064]122

When the zine oxidelparticie of the-presentdiselosuee is pised asiansexaeargis filler; the-particle may be
used in combinatign ng% othy 5C%B%%%r{@b;heo%thgrhcﬁé)mggngrlltsiwhicithq}fé/rbe used together,
include other exoergic fillers than zin€ oxide such as mefal oxides %c(fudlng magnesium oxide, titanium
oxide and allmifGmSxide, aldRirftia hitiide, BBroh nithde. ‘Sifficort arbidiBSificof #itAdE Mtanium
nitride, metatlicesilicon, arithdiamepd, e€sinssand sutfactants: [0865) s e r e 1Zine oxide:particle of the
present disclosure- can gbtain, better.expargic praperiy. Ry egmpining other zing,oxide, particles having

smaller median sizeﬂ(DSO],ﬁ%nd other exoergic filler. The zinc oxide particle having smaller median size
(D50) to be' USed 1 Cofttbiriatidir pretérably ke SpRetcarshalse, detie shapd barsHage or
plate-like shapé .- [0066[hen THeezine Uxidel particleiskthegresentdiselosure danlbe used in the fields
such as rubber acgelerators,tRigmesis:for cpating egmpositions and.inks, such glectroniggomponents
as fertite agd yaristor, medicinal prodycts apd cosmeties in addiin to the exergic fler.

fillers are filleduniformly can be obtained by pressure molding

from all angles. The aspect ratio is more preferably 1.10 or

less.
[0024]



[0067] Also, the zinc oxide particle containing at least one metallic element selected from the
group consisting of Mg, Ca, Ni, Co, Li, Na, K and Cu can be used suitably as the exoergic filler used in
the electronic device fields because of superior indalation property. [Examples] [0068] Hereinafter,
the present disclosure will be described in more detail by way of examples, but the present disclosure
is not limited to these examples. [0069] (Examples 1) ZINC OXIDE SUPERFINE (manufactured
by Sakai Chemical Industry, Ltd., median size (DSO) 0.2 pm) 600 g was re-pulped 23 into water,
dispersant (manufagturggby, KAO Jitd 1 PYIZ5324) 3. 50 weight % relative-tosthe weight ef the ZINC
OXIDE SUPEBI%INE Weéeoagq%g to the{“aq:u}?ous soI%tion, ardvggetic acid 0.61 weight % was added to
¥ [

prepare a sgfurry with concentration of 600 0 CRIext, Thi rs‘?ﬁ’r 9’ %vsepr%l edrfé%f)ﬁfﬁsﬁ%t'll\?PE OCR
LABO SPRAY DRYER(maufactlired bysSakamots Glikery Ltd)2ovdbtaingrahulatedigarticles. These

particles were putinia,/patmagie-efanuliite or mullitelcaordierite;and static; baked at 1200:Cyfor 3 hours.

After cooli d_dispersing into water 1.0 liter, this slurry was s¢reened thraugh a sieve of 200 mesh
(opening o?‘ggc%ﬂaggj @% rp:?né)%gﬁfﬁr{'ue %fuerrymplgs%éfg tﬁloeuﬁ%ﬁﬁgéerﬁes#wissﬁIﬁ)e%é%u%a dried %63 %btain zinc
oxide parti6lés shewiiy fel paridté AksioRI58ihG Dakedrdehseheinte H56 pakticlé Wsige tSeing
spherical and haling ammedian size (@50)of 285 nm Thessize-and skape ot the obtained zinc oxide
particle wete gpsefveddy.Seaming Eleglion Micoseope JSM 5400 (manufactuted by JEOL. L)

The obtained electron microscope photograph was shown in Fig. 1. In addition, the low-powered

electron mitfo5EEpe Bhotogfaph was shovin' if 5§ 2 J00TEF EEerpe L334 8y PSP THE Zic oxide
particles warsashtainedncfollbwingsthe sameproceddreZasithatoft Exdmpleih exdept that4he organic
acid, organig: hase.dRorganis acighJnarganis-hase. and-the salts thergofinot containing a halogen to be
added, the addition amgug%thereofkanq treatment conditions were cha{ﬁng\](:l .3s shown in Tables 1 and
2.[0071] (EXampie)°" “2iNE OXIDE SOPERFINE iManufactured By Sakar CRemica fridustry, Ltd.,

median size[@@@ﬂ).Z pm) 10 kg was charged into the cylindrical container inside of Spartan
granulator RM0J-15HN (mangfacturetk by RAETONCQ,A td: ) While agdding anagueoys sslution of
acetic acid 0,61 weight % relative to the.weight NC OXIDE SUPERFINE and water, 1.8 liter, the
mixture Wa%rr%ig(%vée%%q, eﬁic%%‘[ﬁérh%r% elreo ‘grgtgéo%lé_s%? ?%gpéroa%él% r%%xjigjge é:ir?noéjliﬁo rpm for
240 seconds!&nd-the obtdiAFdTRXEFe WAS MiiXed it 2410 Fpi forI0Sséé6HUS aftér-adding the
aqueous salutiende obtairhgranulatedparticles: Thase pacticles were Jputdatoa potmade:of mullite or
mullite/cordieite, and salic baked, at. 1000 QG for 3 hours. The size and shape of.the-abtgined zinc

oxide particle were observed by Scanning Electron Microscope (JSM-5400 manufactured by JEOL,

Ltd.), being folidthat patficies Baked'iftto B baffick instdewiththe hédrarP iz 1656) HF 223.7 um
were obtaiféd.CFhe bbtained efectroh microscope photograph wias shewaialf-ig: 840872« Examples

81018) nelhe zinepxide particlesswere obtained by following theisaime pracedure axcept that the
organic acidtgr anic base,égorganic acid, inggr.gL é%base' and the salts thereof not containing a

halogen to'he d:e%s,] tie addition anouit thereof, and treatment conditions were changed as shown
in Tables 1 4A826]0073] The measurements in Tables 1 to 4 were done by the following method.
(Median size (D50} 1940z D90) ox 1 Zingeaxide pasticles 1109 weighad - were-dispersed int,0.025
weight % sodj X t sphate eous solutj 0,ml, The aohtained dispersion. liquid was
charged in%gr%%égagﬁregr?e%? I%Et% of Ié?e?%ijﬁ%%ﬁoﬁ/léé%;%téf%ﬁgr%ﬁéﬁ?c%e i?sk%llzgé igtri’b%gtio??[glr?dlyzer LA-750
(manufactdted by HORIBE 154 H8dTit76.525 RérRfAtIs s6aitfT hetarmetabiesprsie agueous
solution andemeasuredaunderithe Cendiionsithaticirculatiornk speedrlb pultiasonic wavel strength: 7, and

ultrasonic yaye fime3 minutes. Median $ize;(050), 030.and.Q90 were degided while seiting relative
refractive index at 1.5 because refractive index of zinc oxide was 1.9 to 2.0 and that of water was 1.3

at room ter%%é?aﬁﬁ {;.3[0074] (Aspect a 0)
[oc27]

The zinc oxide particle containing the above-mentioned
metallic element of less than 15.0 weight % relative to the
welght of the zinc oxide particle is preferred regarding high
insulation property. Zinc oxide is a material having high
conductivity. For this reason, when the zinc oxide particle of

the present disclesure is used as an exoergic filler for



In the 100 particles in the electron microscope photograph taken by Scanning Electron Microscope
JSM-5400 (manufactured by JEOL, Ltd. ), long length and short length passing through the center of
each particle were measured by a scale and ratio ¥#as decided by dividing long length by short length.
The aspect ratio was decided by averaging the as ratios. Further, aspect ratios of 250 particles were
measured and number ratio (%) of particles having aspect ratio of 1.10 or less was calculated. [0075]
(Density) Weight a (g) of 100 ml Gay-Lussac type pycnometer that had washed and dried was
weighed tocthe higit.afi @. kisg, shistillated water was ghargeditothe.gatige linepand the-weight b (g) of
the pycnom?et(?éé/\é weighed to the digit of 0.1 mg. Next, after the Gay-Lussac type pycnometer was
dried, samp g Was charged and weight c (g) of the sample was calculated by weighing the
pycnometer. Distillated water Wds cHarged urtiF thelsamplealias eovsrateaiid BircbhtaRed in the
distillated wiaterswasarernaved ik vacuum desicedtors. istitated water was,ehanged:to thesgauge line

and the welghidl (ghotibe pycnameter was welgho ta;g%bﬁaggg(g% to cajgulate the glensity

according to the following formula. Density (g/cm3) = ¢ a) 076] (Apparent density)
Apparent dERSHY vas measured by JIS K 5101-12-1 test methods for pigment-apparent density or
apparent speeifi¢ vekime (static method) .4007H(Tap bulicdensityy notTapshulkdehsity was
measured with HS Rk639:2 (00781 (Filliggyrate,of fileD) s .4} EEAJesin(REXPEARL 41150
manufactured by Japan Polyethylene Corporation, Ltd. ) and zinc oxide particles of 26 Examples 1, 7,
10 and 12, ﬁ)oﬁﬁﬁtr%sfﬁnﬁ htaining the filler of Comparative Example 1, (iii) EEA resin and zinc
oxide particlessf<omparative Examples 2 and 4, and (iv) EEA resin and alumina (manufactured by
SHONA DENKO KrnK.)of&amparative Examples 7w@and &were mixedas shown:insEable 4. In other
Examples %n% ggm%arativgelg:)%amh%es OT?%HthSiVx"z%rg ér}nixeégi bg/efgllllogvgng thg same {ocedure as
mentioned a)f)ovegi'hepfﬁﬁhg raté o fﬁ%r &/o ume B was calglﬁafaedsuppoangefﬁatnspe‘ci IC gravity of the
EEA resin #R8$07645, specifi€ gféfity bF theZiA¢ o%iblé paiticfe Was 555, anbl spetific fidvity of |
alumina patrticle weasi3.80p Havingtsetiweightsef filles as a (@) spesific gravity: of the filferas A, weight
of the EEA resi ) ifj ity of - esi illi ffiller lume %) was
&5 a3 b (9).and specifie gravify, of the. EEA rasin férppygg%@%%:t? %%%{95#

calculated according to the following formula. FiIIin%rate‘of filler (volum (a/A B))x 100

[0079] (Mak g of Shedt6frEsIR ROnThositoRs & * 2 1) EEATRsin AnthFHd Bkite paRidRE S Examples 1,
2.3, 4,6, Pand 10 te 18:(i) EEA sesinrmot¢entaining the fiker ofsCompatative-Example 45 (jii) EEA

resin and zing oxide particles of. ComparativeExamples,2, 4.5an6i6, and(y) EFA resinand alumina
of Comparative Exam%l%sé% ?nd 81wer%heate§ ar}? mixed.in LARD PLASTMILL (manufactured by
TOY SEIKISETSARGSYS  Lid fatthe Hihtoet of totdfidns df 40 pM &R 156 C for 10 minutes at rate

of filling ratel 60fillek (volume %) as shown in Tables 1 to 4. The mixtures of the filler and the resin were
taken out and put arr a-gemtes of astainess-steelcagtingemeld withn 2 sumathickness,E59:mm x
200mm) . It was nipped.with two stainless-steel plates (200, mm x 300 mm) from %&ve and below and
Ut on Spesiviar Suaport of MINLTEST PRECS-10 (LanufaL e by Tov SEIR| SEISAKG-So. Lid)
followed by BressEfiAgALIBIRC afd BEBMPa Tor Brindtdsanditherprebsuring ata50.Gtand 25 MPa
for 3 minutesshee iNextthe castingmold was/putorthe speciaensuppod offSteansReess Machine

(manufactyred by Gonna Yuatsuki. 27 Lsgkfgyotgtq.@zanqlthe%t ooled at 25 MPa with
running coo?anfwate%rr%rS i,nute% t,o% tain a sheet of resin comp'ovs\il?léor%j é\ﬁlg%%%?és}s%t?rfnnggto 25 MPa

with passirfy SfEaRT afid Haating S[0088] (SPetiicolime resRidiol vaitie] * Shelbbitited sheet
was put in ecohstanttemiferaturesoven set.at- 80 00:=ampd teftfor 30cminatescarimorecThers the sheet

was put between a-negative glectrode plate made,of prass with 70, mm.and, 3 pogifive glgctrode plate
made of bﬁaks]s with 100 mm O. Ngxt vc?lunge resis%an%e was measured Jt1)¥§1é)plyin$ 500 V direct
a

current and ¢harging for & Minute, It was measured by USIRG Gigital ufth resistancsl Ricro

ammeter (Fanbfactared by ADC CorPordtioh Bty Specific volaafevesistarcevalieat(Tz:-cm) was
calculated aceardingrie theifellondng ferma: Load€ A2MEXRY an exocergic material

which is used for an electronic device, a material having high
exoergic and insulaticn properties and low hardness.
[0031]

The zinc oxide particle containing at least one metallic

element selected from the group censisting of Mg, Ca, Ni, Co,



t-thickness of test piece (sheet) (cm) d: diameter of innermost electrode Ru: volume resistance(Q)
[0081] (Heat conductivity) Next, the sheet was cut out to be a molded article of 55 mm 0 and 2.0
mm thickness by punch and the heat conductivity ldas measured following setting on the specimen
support of AUTOA HC-110 (manufactured by END Instruments Co.,Ltd, the method with heat flow
meter). AUTOA HC-110 was pre-compensated by using Pyrex standard plate with 6.45 ram thickness
before measurement. Heat conductivity (W/m-K) when reached a condition of thermal equilibrium at 25
'hC was measuregzhy m@%wd@grlwmlelamgem@gméyﬁ% heater &\ta@&@(@@trﬁ/o@@mbl@mterppe)rature
eater was, set af 15C. The results were shown.in Tables 1 to,4. [0082] (Comparative Example 1) Heat
conductivit;% %ftat?]}té%s%%iI%lflfﬁLoﬁeélar}ﬁc?e%?%E&l nb rr%%s%nrﬁét E%r%tazlﬁfﬁlé the filler Va\/ggﬁ?aesured by
following tHeoSaheé ptocedité adthatidfihe abBYE Exanipldst Therdsulis WeRIsHown i Tables 3 and
4. [0083] (CamparsativetExample?)res Heatcanductivity was preastired by fallowing the same
procedure as that of the abqve Eéﬁ@gmﬁ%g%em%m@ QXIRE SUPERBINE (manyfactured by

Sakai Chemical Industry, Ltd., median size (D50) 0.2 pm). The results were shown in Tables 3 and 4.
[0084] (Coffiparative BXampfe®sf™ S*2RiE oXibE & E (nandfatlired by Sakal €hemical
Industry, Lbemédian sized(®5®)el: 2 pray6R0-gewas refpulped ihto wateh o prepareiaisiursy with

concentratipn gf,4200 g/h, Next, this sluery was spray. dried;hy using. TYREDGRLABQ SRRAY DRYER
(manufactured by Sakamoto Giken Lt%.g to_obtain gragdqlated ggrti%es. These partigles were put in a
a

pot made of |t%a61rcr%uﬂﬁé“fégréj|gri e ana%%a‘ﬁijc &d'at1000'C or 3'Rolirs™ At c%%li%g and
dispersing irtosiatert 1. D0liter{thissiuery wascscreened through a sieve of 200 mesh (opening of
screen 75 pfmoThe slurry passing through the mesh was filtered and dried to obtain zinc oxide
particles having mediap, siz f 13.3 pm. The size and shape of the ghtained zinc oxide particle
were observed by caﬁkrlneng‘jg é%é%)r%% I(\j)ﬂ%g%‘“szlc)%aesitsﬁr-}§488 r%%a%ﬁfgaé%%% g?ﬁﬂqi%ﬁ_eﬁgil The
obtained efeEfiGnHiRro<cope pREWBEFEPHWaS shéwn ieFigh23. [6085] (Comparativi Exathple 4)
ZINC OXIDE NG.. 1 (mamfactured by SakakChemieal bidustry =L tch, median sigec(R50) 06 pm) 1200
g and ammonium bromide 12,9 (1.0 weight | felative fo the weight of ZING OXIDE NO 1) were mixed
for 30 seconds, and the obtained mixed powder was charged in a pot made of mullite or
mullite/cor@EfESTOliEWEed ByBEKiTy at 1150 C for 3 hours. After cooling and dispersing into water 3.5
liter, this 29 §l0@ywas screened through a sieve of 200 mesh (opening of screen 75 pm) . The slurry
passing through the mesh wasdiltered, and dried;to-obtain;preudospheresshaped; zing axide particles
having me%ign%z_emg%sé)})oof 18.2 g@él'rff size and s apef?f the obtained zinc oxide pqﬂr%icle were
observed by §cann|ng éctron Wllcroscopce B40 ('marmll.ﬁgct]u?esdl ff Eﬁh,ﬁilfé??.@-rhé’ obtained
electron mierdsEspephdtoGraptWwas shownirerid: 24 Heat esidictiviyiias heastred by following
the same precedure-as that ofdheabove Examples, Theiresultsrwere-shown inEables S:and 4. [0086]

(Compafat%&?g%%g Sr%’;'l e DEELs 20 ',NEA”B{%‘?%% ted.by ?958&8@8%03' Industry,

Ltd., median size 600 g was re-pulped into water, dispersant (manufactured by KAO,

Ltd., POIZ532A)%3 BEWEIGRETH refativetd heé weltght Bt the- Zi€ ORIDE SUPEREINE tvere added to
the aqueous solutidi,cared amenonitm romide k00 aveightt wereratded tepiepare @ sturry with

concentration,of.840.6/1. Next.this; slures.was spray. dred;by using TYRE DCR | ABQ.SRRAY DRYER

(manufactured bﬁ/ Sakamoto Giken, Ltd.) to obtain granulated particles. These particles were put in a

pot made &t mtfite’sr mullt&/cordi&ritetand SfaE Daked &t 1500 For' S habirs. AHertodfifig and
dispersing intb svatet 1 Dlliter, tHisrstury sasscreénad thrbaghardieve: of 200amesk {epening of

screen 75 @m@-oﬂle ﬁM%@a%SiBQ t'ﬂ@yghatE‘eAﬁQShﬁ_@@%@ﬁf@dt‘%ﬂQH@e%%&f?@iﬂaj?i%%g?(ide .
particles h%‘{ﬂ”%bf%edﬂ%% size | 3_502é)f 14.4 pm. The size and shape of the obtained zinc oxide particle
were observed y §canniﬁg ection Microscope JSM-5400 (manufactured by JEOL, Ltd.). The
obtained eIJ&Wdﬂcroseope photograph was shown in Fig. 25. Heat conductivity was measured by

following the sameqrneedure,gs that ef dlae: aboye ExamplesmEne results weee showdgl innbables 3 and
4. [0087] (88@%@%’? g%%nkpi%@é particle concerning particle diameter for
high excergic property of the exocergic material. The zinc oxide
particle of the present disclosure has preferably D90/D10 of
3.0 or less. That 1s, the ratio of D20 and D10 is preferably

small (that 1is, a coarse particle having extremely large



ZINC OXIDE SUPERFINE (manufactured by Sakai Chemical 30 Industry, Ltd., median size (D50) 0.2
pm) 600 g was re-pulped into water, dispersant (manufactured by KAO, Ltd., POIZ532A) 3.50 weight %
relative to the weight of the ZINC OXIDE SUPEREKE were added to the aqueous solution, and
hydrochloric acid 0.37 weight % was added to prepare a slurry with concentration of 580 g/1. Next, this
slurry was spray dried by using TYPE DCR LABO SPRAY DRYER (manufactured by Sakamoto
Giken, Ltd.) to obtain granulated particles. These particles were put in a pot made of mullite or
mullite/corchigrite;and-staticaked at 1000 Cofor 3ihauts. After cooling.and dispetsing intq water 1.0
liter, this sI%rH was s%ﬁeieq?d éhrougg a Csievee%f 200 gg{egg (%pseniréq%%fescar en 75 Pmc?. Tf&g slurry
passing througﬁéfhe mesh was Titered andoérledttopgbtaln Zinc oxide partic egharfnr?g median size
(050) of 1322 Thedive ahd shapesidheaobtdined Zife dxide pakicle wekd Bhserad By Scanning
Electron MitsescepeilsM=b400{manufacttired hysHEO4 ;- tid:). he ebtainrd-election mickoscope

photographwas.shown ﬂg@%@.#eﬁt&c&@yctivity was measured by following the same procedure as
| .

that of the above E)jxamp es. The results were shown in Tables 3 and 4. [0088] (Comparative
Examples 7 8 Physicality of alumina particle as an exoergic material, having physicality as
shown in Table 3, wa¢ evalvaté® by follewinglthe sametprocecdureé asthatet therdbovetExamples. The

results werg.shownin Tables 3 and 4, Further, theelectan migroscane pRAtographs were shown in
Fig.27 andrﬁé?é 0089 (Corgg%atlve Example 9) Oxides including ZnO 93.9 mol%,
0 .

Bi2030.10 CH20%1 866 °RMO° 1706 Mol 515353 200 TdIYe: Nid'2 GoPmofe% - 13t 0.005

mol% wereddddet: torasiury ofzine axide-pahiefebelg ZINET® XIDESN Oz manufactsred: by Sakai

Chemical Industha Lic:, meadian: size{DSQ)0.6:pm), This slurry was spray dried by using TYPE OCR
LABO SPRQB d%%\gER (manufactured by Sakamoto Giken, Ltd.) to obtain granulated particles. The

obtained granulated 31 particles were baked at 1200 C to obtain zinc oxide particles of Comparative
Example 9. The eléctrofi®fiticsedpe pR6tOTYraphsdf the'Gbtdiféd parficles ivere shéwrtintFig.29 and

30. Asiihe zineoxide partieles ofl Camparative &xarsple-9diheiapparent densiy wasfl.94 g/mi and
tap bulk degsity was 2 74,g/lcm3. The result s Siti ' t high-density_parti as not
obtained. Further, it is shown?hgt_ mar%é pa%[ict?gl;g hgﬁaggnyg%gvg%sgﬁg\iing%v%lssgﬁéegr%ﬁ\%habout the

shape, and'idt Beiig ‘éphBrical ard*Coftairtdl B8 Bvitehted R Eig 2 afd 30F Inaddhicht the aspect
ratio of ziné exidesparticle of Comparative E&xamiple 9awas 140 The ratio of particles having the aspect
ratio of 1.10[@rd§§§ was 6 %. These evaluation results were shown in Table 3. [0090] 32 Table 1

Lithium hydroxide r%ci]%iThYdratimio 1 0.43 wejght %arth!relmivo to ziné:,oxige : 3.50 Wei%‘lt parts
relative to More exido-0921 2iE405600T OTZ280° " tn¢ Present disciosure can e

obtained by a method for producing a zinc oxide particle,
comprising a step (1) of mixing a source of the zinc oxide
particle with at least one compound selected from the group
consisting corganic acids, organic bases, inorganic acids,
inorganic bases, and salts thereof to granulate, and a step (2)
of baking the granulated particle obtained in the step (1). By
using the above-mentioned method, 1t becomes possible to
produce large amounts of zinc oxide particles having median size
(D50) of 17 to 10000 um that show few particle fusion and are
baked into particle inside well. The above-mentioned method
for producing a zinc oxide particle is suitable method for
producing spherical zinc oxide particles.
[o038]

The method for producing a zinc oxide particle of the
present disclosure comprises the step (1) of mixing a source
of the zinc oxide particle with at least one compound selected

from the group consisting of organic acids, crganic bases,
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inorganic acids, inorganic bases, and salts therecf to
granulate. The step (1) is a step of re-pulping a source of
the zinc oxide particle in water andmixing with an organic acid,
an organlc base, an inorganic acid, an inorganic base, or salt
thereof to granulate.

[0039]

In the method for producing a zinc oxide particle of the
present disclosure, a source of the zinc oxide particle is used
a8 a raw material. As the source of the zinc oxide particle
is not particularly limited provided that it may converted to
zinc oxide by baking but includes zinc oxide, zinc nitrate, zinc
sulfate, zinc carbonate, zinc hydroxide, zinc acetate, and so
on. As the above-mentioned source of the zinc oxide particle,
zinc oxide is especially preferred. The source of the zinc
oxide particle preferably has median size (D50) of 0.01 to 1.0
um. The median size {(D50) of the source of the zinc oxide
particle is measured by laser diffraction/scattering particle
size distribution analyzer LA-750 (manufactured by HORIEA,
Ltd.) or dynamic light scattering particle size distribution
analyzer ELS5-Z2 (manufactured by OTSUKA ELECTRONICS, Ltd.).

[0040]

The zinc oxide which is used as a raw material is not
particularly limited, but the zinc oxide produced in French
Method, American Method and other common methods can be used.
Particularly, zinc oxide which is produced in French Methed is
preferably used because the zinc oxide has few impurities.

[o0241]

The organic acid, organic base, inorganic acid, and
inorganic base include, for example, acetic acid, citric acid,
propionic acid, butyricacid, lactic acid, oxalic acid, stearic
acid, nitric acid, sulfuric acid, hydrogen peroxide, hydroxide
lon, ammonia, pyridine, piperazine, imidazcle and so on. The
salt thereof contains, for example, ammonium salt, zinc salt,
magnesium salt, copper salt, calcium salt, nickel salit, cokalt
salt, sodium salt, potassium salt, lithium salt, amine salt,

and ceglum salt. More specifically, ammoniumpolycarboxylate,
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zinc acetate, magnesiumacetate, copper acetate, sodiumacetate,
potassium acetate, lithium acetate, lithium stearate, zinc
nitrate, lithium nitrate, magnesium nitrate, copper nitrate,
calcium acetate, nickel acetate, cobalt acetate, zinc sulfate,
lithium hydroxide, sodium hydroxide, potassium hydroxide and
cesium hydroxide may be used.

Especially, scdiumsalt, potassiumsalt, and lithium salt
is preferred because it is able to make the surface of the baked
particie smooth and adijust the particle shape.

[o042]

The mixing amount of the organic acid, organic base,
inorganic acid, inorganic base and salt thereof depends on a
compeonent to be mixed but is preferably 0.1 weight % to less
than 15.0 weight % as oxide relative to the weight of the scurce
of the zinc oxide particle when a metal salt is used. Because
zinc oxides are baked densely on baking process and the
insulation property is increased.

When aceticacid is used as the organiceacid, organicbase,
ineorganic acid, inorganic base, or salt thereof, the mixing
amount of the acetic acid is preferably 0.1 to 10.0 weilght %
relative to the weight of the source of the zinc oxide particle
because zinc oxides are baked densely on baking process.

[0043]

However, the organic acid, organic base, inorganic acid,
inorganic base, or salt therecf should not be one containing
a halogen component such as ammonium bromide and hydrochloric
acid. When the compound containing a halogen component is mixed,
it is hard to obtain a zinc oxide particle being spherical and
having median size (D50) of 17 to 10000 um.

[oo44]

The zinc oxide particle containing zinc oxide of 85.0
welght % or more and at least one metallic element selected from
the group consisting of Mg, Ca, Ni, Co, Li, Na, K and Cu of less
than 15.0 weight % as oxide relative to the weight of the zinc
oxide can be obtained by using a compound containing the

metallic element as a part or all of the organic acid, organic
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base, Inorganic acid, incrganic base, or salt thereof.
[0045]

As the organic acid, organic base, inorganic acid,
inorganic base, or salt thereof that can be used for the purpose,
for example, magnesium acetate, magnesium nitrate, magnesium
hydroxide, calcium acetate, nickel acetate, ccbalt acetate,
copper acetate, copper nitrate, sodlium acstate, potassium
acetate, lithium acetate, and lithium hydroxide may be cited.

[0046]

As the other method for producing, the zinc oxide particle
can be also obtained by combining the organic acid, crganic base,
inorganic acid, inorganic base, or salt thereof with a metallic
compound containing at least onemetallic element selected from
the group consisting of Mg, Ca, Ni, Co, Li, Na, K and Cu. The
metallic compound which can be used in such method includes,
for example, oxides of Mg, Ca, Ni, Co, Li, Na, K and Cu.

[0047]

The compeund containing the metallic element can be
cbtained in the range of 0.1 to less than 15.0 weight % as oxide
relative to the weight of the source of the zinc oxide particle.
Both exoergic and high insulation properties can be obtained
by conducting in the above range.

[oo48]

The granulation in the step (1) i1s not particularly
limited about the method thereof, but it can be conducted by
a method comprising dispersing the source of the zinc oxide
particle and the organic acid, organic base, inorganic acid,
inorganic base, or salt thereof not containing a halogen into
water to prepare a slurry and spray dryving and othsr methods.
In addition, there is a method comprising adding an agueous
solution of the organic acid, organic base, inorganic acid,
incrganic base, or salt thereof not containing a halogen to the
source of the zinc oxide particle and mixing them with spartan
granulator, spartan mixer, henschel mixer, or marunmerizer to
granulate and other methods.

[0049]
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In the step (1), if the case of using the slurry, a
dispersant may be used. It is preferred to use a fatty acid
salt as the crganic acid salt because the organic acid salt
itself has a dispersant function so the slurry can be obtainsd
easily. Compcunds that can be used suitably as dispersant are
not particularly limited but include ammonium polvycarboxylate
salt (POIZ532A manufactured by KAD Corporation, Ltd.).

{0050}

A method for preparing the slurry is not particularly
limited but includes, for example, a method comprising adding
the above-mentioned components to water and dispersing at 18
to 30 °C for 10 to 30 minutes to obtain homegeneous slurry having
the source of the zinc oxide particle content of 100 to 1500
g/l.

[0051]

The method of spray drying is not particularly limited
but includes, for example, a method comprising spraying the
slurry into flowing air at about 150 to 300 °C by two-fliuid nozzle
or rotary disc to produce granulated particles having particle
diameter of about 20 te 100 pym. On this occasion, it is preferred
to adjust the slurry concentration within the range of 50 to
3500 cps of the viscosity of the slurry. The viscosity of the
slurry is measured by using B-type viscometer (manufactured by
TOKYO KEIKI, Ltd.) with 60 rpm share. In this flowing air, the
granulated particles being dried are trapped by a filter with
submicron order (bag filter). If the slurry viscoesity, drying
temperature, and flowing speed are without the desired range,

the granulated particles becomes hollow cr takes depressed

shape.
[0052]

The zinc oxide particles can be obtained by baking the
particles thus obtained. The baking conditions are not

particularly limited but 1t is preferred to conduct the baking
under the condition that the baking temperature is 700 to 1500
°C, the baking time is 1 to 3 hours and the baking is static

baking. The static baking can be conducted in a pcot made of
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mullite or mullite/cordierite. The baking is more preferably
conducted at 1000 to 1200 °C. By baking in the above-mentioned

metheod, zinc oxide particles showing few particle fusion and
being baked densely into the particle inside can be obtained.
[0053]

The baking at less than 700 °C is not preferred because
the particle may not be baked sufficiently into the particle
inside. If exceeding 1500 °C, it is not preferred because the
particle fusion proceeds.

[0054]

The zinc oxlide particles obtained by the above method have
a sharpparticle size distribution, but the zinc oxide particles
may be classified using a sieve if sharper particle size
distribution is required or in order to remove a few coarse
particles contained therein. The classification using a sieve
includes wet classification and dry classification.

[0055]

Even if the particle size of the source of the zinc oxide
particle as a raw material varies in the method, the same zinc
oxide particles as mentioned above can be obtained by adjusting
the amount of the organic acid, crganic base, inorganic acid,
inorganic base, and salt therecf not containing a halogen, the
amount of the dispersant, the slurry concentration, and the
baking temperature, suitably. In the case of spray drying, it
ig able to control the particle sirze by varying the slurry
supplied amount in the case of two-fluid nozzle, and by varying
the number of rotations in the case of rotary disc. By raising
the baking temperature, the density of the baked zinc oxide
particle can be increased.

{o05¢6]

The zinc oxide particles obtained by the above method have
the following advantages over the conventional zinc oxide
particles;

1.3t is possible to increase the particle size and make

the particle spherical.

2. It is not needed to use a flux that may damage an oven
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in the production method.

3. The particle can be filled in a resin in the large

amount.

4. When the particles are filled up densely in a resin,

extremely good excergic property can be showed.
This effect is derived from the fact that the particle diameter
is extremely larger than the conventional zinc oxide particle,
the particle shape is controlled to have spherical shape, and
crystallinity and density are high.
[0057]

The use of the zinc oxide particle of the present
disclosure is not particularly limited but the particles can
be used as an exoergié filler, for example. This exoergic
filler is one aspect of the present invention.

[0058]

When the zinc oxide particle is used as excergic filler,
the particles can be used in the form of a resin composition
obtained by mixing with a resin. In this case, the resin may
be a thermoplastic resin or a thermosetting resin and includes
epoxy resins, phencl resins, polyphenylene sulfide resins (PPS),
polyester resins, polyamides, polyimides, polystyrenes,
polyethylenes, polypropylenes, polyvinyl chloride,
polyvinylidene chleride, flucrine resins, polymethyl
methacryvlate, ethylene/ethyl acrylate copolymer resin (EEA),
poiycarbonates, polyurethanes, polyacetals, polyphenylene
ethers, polyetherimides, acrylonitrile-~butadiene-styrene
copolymer resin (ABS), epoxides, phenols, liquidcrystal resins
(LCP), silicone resins, acrylic resins and other resins.

[o059])

The exoergic resin composiﬁion.of’th@ present disclosure
may be (1} a resin composition for thermal molding obtained by
kneading a thermoplastic resin and the zinc oxide particle in
melting condition, (2) a resin composition obtained by kneading
a thermosetting resin and the zinc oxide particle followed by
thermosetting, (3) a resin compesition for paint obtained by

dispersing the zinc oxide particle in a resin solution or
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dispersion liguid, or other resin composition.
fooso]

The addition amcunt of the zinc oxide particle in the
exoergic resin composition of the present disclosure can be
arbitrarily determined according to the intended performance
of the resin composition such as exocergic property, hardness
and so on. In order to express the exocergic property of the
zinc oxide particle sufficiently, the addition amount of the
zinc oxide particle is preferably 60 wvolume % or more, more
preferably 68 volume % or more relative to the total solidmatter
of the resin composition.

{0061}

When the excergic resin compositicon of the present
disclesure is a resin composition for thermal molding, the resin
component may be selected 1n accordance to the use. For example,
when the resin composition is placed between the heat source
and the excergic plate to make them stick together, resins
having'high.adhesiorlproperty'and}AWJhardness such as silicone
resins and acrylic resins can be selected.

[oos2]

When the exoergic resin composition of the present
disclosure is a resin composition for paint, the resin may be
a hardenable one or a nonhardenable one. The coating
composition may be a solvent type one containing organic
solvents or an agueous type one containing a resin dissolved
or dispersed in water.

[0063]

When the zinc oxide particle isused as an exoergic filler,
the particle may be used as an exoergic grease obtainedbymixing
with a base oi1l which contains a mineral oil or a synthetic oil.
When the particles are used as this exoerglic grease, as the
synthetic oil, o-clefins, diesters, polyol esters, trimellitic
esters, polyphenyl ethers, alkylphenyl ethers and so on can be
used. In addition, the particles can be used as an exoergic

grzase obtained by mixing with silicone oils.
[co64] |
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When the zinc oxide particle of the present disclosure
is used as an exocergic filler, the particle may be used in
combination with other components. The other components which
may be used together, include other exoergic £fillers than zinc
oxide such as metal oxides including magnesium oxide, titanium
oxide and aluminum oxide, aluminum nitride, boron nitride,
silicon carbide, silicon nitride, titanium nitride, metallic
gilicon, and diamond, resins and suvrfactants.

[0065]

The zinc oxide particle of the present disclosure can
obtain better exoergilc property by combining other zinc oxide
particles having smaller median size (D50} and other exoergic
filler. 'The zinc oxide particle having smaller median size
(D20) tobeused in combination preferably takes spherical shape,
needle shape, bar shape or plate-like shape.

[0066]

The zinc oxide particle of the present disclosure can be
used in the fields such as rubber accelerators, pigments for
coating compeositions and inks, such electronic components as
ferrite and varistor, medicinal products and cosmetics in
addition to the excergic filler.

[ooe7]

Also, the zinc oxide particle containing at least cne
metallic element selected from the group consisting of Mg, Ca,
Ni, Co, Li, Na, K and Cu can be used suitably as the exocergic
filler used in the electronic device fields because of superior
insulation property.

[Exanples]

[0068]
Hereinafter, the present disclosure will be described in

more detail by way of examples, but the present disclosure is
not limited to these examples.
{0069}
(Examples 1)
ZINC OXIDE SUPERFINE (manufactured by Sakai Chemical
Industry, Ltd., median size (D50) 0.2 um) 600 g was re-pulped
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into water, dispersant (manufactured by KAC, Ltd., POIZL32A)
3.50 weight % relative to the weight of the ZINC CXIDE SUPERFINE
were added to the aqueocus sclution, and acetic acid 0.61 weight &
was added to prepare a slurry with concentration of 600 g/1.
Next, this slurry was spray dried by using TYPE DCR LABO SPRAY
DRYER (manufactured by Sakamoto Giken, Ltd.) to obtailn
granulated particles. These particles were put in a pot made
of mullite or mullite/cordierite and static baked at 1200 °C
for 3hours. After cooling anddispersing intowater 1.0 liter,
this slurry was screened through a sieve of 200 mesh {(cpening
of screen 75 pm}. The slurry passing through the mesh was
filtered and dried tc obtain zinc oxide particles showing few
particle fusion, being baked densely into the particle inside,
being spherical and having a median size {(D50) of 28.5 um. The
size and shape of the obtained zinc oxide particle were observed
by Scanning Electron Microscope JSM-5400 (manufacturedby JECL,
Ltd.). The obtained electron microscope photograph was shown
in Fig. 1. In addition, the low-powered electron microscope
photograph was shown in Fig. 2.

[oo70]

(Examples 2 to 6]

The zinc oxide particles were obtained by following the
same procedure as that of Example 1 except that the organic acid,
organic base, inorganic acid, inorganic base, and the salts
thereof not containing a halogen to be added, the additiocn
amount thereof, and treatment conditions were changed as shown
in Tables 1 and 2.

[oo71]
(Example 7)

ZINC OXIDE SUPERFINE (manufactured by Sakai Chemical
Industry, Ltd., median size (D50) 0.2 pm) 10 kg was charged into
the cylindrical container inside of Spartan granulator
RMOJ-15EN {manufactured by DALTON.CO, Ltd.). While adding an
agueous solution of acetic acid 0.61 weight % relative to the
welght of ZINC OXIDE SUPERFINE and water 1.8 liter, the mixture

was mixed by setting the number of rotations of chopper and
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mixing arm at 1320 rpm for 240 seconds, and the obtained mixture
was mixed at 2410 rpm for 340 seconds after adding the aqueous
solution to obtain granulated particles. These particles were
put into a pot made of mullite or mullite/cordierite and static
baked at 1000 °C for 3 hours. The size and shape of the obtained
zinc oxide particle were observed by Scanning Electron
Microscope (JSM-5400 manufactured by JECL, Ltd.), being found
that particles baked intc the particle inside with the median
size (D50} of 223.7 um were obtained. The obtained electron
microscope photograph was shown in Fig. 8.

[0072]

(Examples 8 to 18)

The zinc oxide particles were obtained by following the
same proceduie except that the organic acid, organic base,
inorganic acid, inorganic base, and the salts thereof not
containing a halogen to be added, the addition amount thereof,
and treatment cenditions were changed as shown in Tables 1 and
2.

foc73]

The measurements in Tables 1 to 4 were done by the
following method.

(Medlan size (D50), D10, DS0)

Zinc oxide particles 1.0 g weighed were dispersed into
0.025 weight % sodium hexametaphosphate agueous solution 100
ml. The obtained dispersion liguid was charged into measurement
bath of laser diffraction/ scattering vparticle size
distribution analyzer LA-750 {(manufactured by HORIBA, Ltd.)
filled with 0.025 weight % sodium hexametaphosphate agueous
scilution and measured under the conditions that circulation
speed:15, ultrascnic wave strength:7, and ultrasonic wave
time:3 minutes. Median size (D30), D10 and D90 were decided
while setting relative refractive index at 1.5 because
refractive index of zinc oxide was 1.9 to 2.0 and that of water
was 1.3 at room temperature.

[0074]
{Aspect ratio)
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In the 100 particles in the electron microscope
photograph taken by Scanning Electron Microscope JSM-5400
(manufactured by JEOL, Ltd.), long length and short length
passing through the center of each particle were measured by
a scale and ratio was decided by dividing long length by short
length. The aspect ratic was decided by averaging the as ratios.
Further, aspect ratios of 250 particles were measured and number
ratio (%) of particles having aspect ratio of 1.10 or less was
calculated.

{0075]
(Density)

Weight a (g) of 100 ml Gavy-Lussac type pvcnometer that
had washed and dried was weighed to the digit of 0.1 mg,
distiliated water was charged to the gauge line, and the weight
b (g) of the pycnometer was welghed to the digit of 0.1 mg. Next,
after the Gay-Lussac type pycnometer was dried, sample b g was
charged and weight ¢ (g) of the sample was calculated by weighing
the pycnometer. Distillated water was chargeduntil the sample
was covered and alr contained in the distillated water was
removed in vacuum desiccators. Distillated water was charged
to the gauge line and the weight d (g) of the pyvcnometer was
welghed to the digit of 0.1 mg tocalculate the density according
te the following formula.

Density {(g/cm®) = ¢ / {(b-a)+c-(d-a))

[0076]
(Apparent density)

Apparent density was measured by JIS K 5101-12-1 test
methods for pigment-azpparent density or apparent specific
volume (static method).

[0077]
(Tap bulk density)

Tap bulk density was measured with JIS R 1639-2.
[oo78}

(Filling rate of filler)
(i) EEA resin (REXPEARL A1150 manufactured by Japan

Polyethylene Corporatiocn, Ltd.) and zinc oxide particles of
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Exeamples 1, 7, 10 and 12, (ii) EEA resin not containing the
filler of Comparative Example 1, (iii) EEA resin and zinc oxide
particles of Comparative Examples 2 and 4, and {iv) EEA resin
and alumina {(manufactured by SHOWA DENKO K. K.) of Comparative
Examples 7 and 8 were mixed as shown in Table 4. In other
Examples and Comparative Examples, components were mixed by
following the same procedure as mentioned above. The filling
rate of filler (volume %) was calculated supposing that specific
gravity of the EEA resinwas 0.945, specific gravity of the zinc
oxide particle was 5.55, and specific gravity of alumina
particie was 3.80. Having set weight of filler as a (g),
specific gravity of the filler as A, weight of the EEA resin
as b (g), and specific gravity of the EEA resin as B, filling
rate of filler ({volume %) was calculated according to the
following formula.
Filling rate of filler (volume %)= (a/RA)/{(a/A+b/B))x 100
foc79]
{(Making of sheet of resin composition)

(i) EEA resin and zinc oxide particles of Examples 1, 2,
3, 4, 6, 7and 10 to 18, {ii) EEA resin not containing the filler
of Comparative Example 1, (iii} EEA resin and zinc oxide
particles of Comparative Examples 2, 4, 5, and 6, and{(iv} EEA
resin and alumina of Comparative Examples 7 and 8 were heated
and mixed i1n LABO PLASTMILL (manufactured by 7TOYC SEIKI
SEISAKU-3YO, Ltd.) at the number of rotations of 40 rpm and 150
°C for 10 minutes at rate of filling rate of filler (volume %)
as shown in Tables 1 to 4. The mixtures of the filler and the
resin were taken out and put on a center of a stainless-steel
castingmold with 2mm thickness (150mm x 200 mm) . It was nipped
with two stainless-steel plates (200 mm x 300 mm) from above
and below and put on specimen support of MINI TEST PRESS-10
(manufactured by TOYO SEIKI SEISARKU-SYO, Ltd.) followed by
pressuring at 150 °C and 0.5MPa for 5 minutes and then pressuring
at 150 °C and 25 MPa for 3 minutes.

Next, the casting mold was put on the specimen support

of Steam Press Machine (manufactured by Gonno Yuatsukil
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coolant water for 5 minutes fo obtain a sheet of resin
compesition after pressuring to 25 MPa with passing steam and
heating.

{0080}

(Specific volume resistance value)

The obtained sheet was put in a constant-temperature oven
set at 30 °C and left for 30 minutes or more. Then, the sheet
was put between a negative electrode plate made of brass with
70 mm ¢ and a positive electrode plate made of brass with 100
mm ¢ . Next, velume resistance was measured by applying 500 V
direct current and charging for a minute. It was measured by
using digital ultrahigh resistance/ micro ammeter
(manufactured by ADC Corporation Ltd.}. Specific volume
resistance valueg (Q - om)
was calculated according to the following formula.
o=nd’/4t XRu
t: thickness of test piece (sheet) {cm)

d: diameter of innermcst electrode
Ru: volume resistance ()

[0081]

(Heat conductivity)

Next, the sheet was cut out to be a molded article of 55
mm¢ and 2.0 mm thickness by punch and the heat conductivity
was measured fellowing setting on the specimen support of AUTOA
HC-110 (manufactured by EKO Instruments Co.,Ltd, the method
with heat flow meter)}. AUTOMA HC-110 was pre-compensated by
using Pyrex standard plate with 6.45 mm thickness before
measurement. Heat conductivity {(W/m-X) when reached a
condition of thermal eguilibrium at 25 °C was measured by
measuring while a high temperature heater was set at 3% °C and
low temperature heater was set at 15°C. The results were shown
in Tables 1 to 4.

[0082]
{Comparative Example 1)

Heat conductivity of the similar molded article of EEA
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resin not containing the filler was measured by following the
same procedure as that of the above Examples. The results were
shown in Tables 3 and 4.

[0083]

{Comparative Example 2)

Heat conductivity was measured by following the same
procedure as that of the above Examples concerning ZINC OXIDE
SUPERFINE (manufactured by Sakai Chemical Industry, Ltd.,
median size (D50} 0.2 um). The results were shown in Tables
3 and 4,

[0084]
(Comparative Example 3) _

ZINC OXIDE SUPERFINE (manufactured by Sakal Chemical
Industry, Ltd., median size (D50) 0.2 um) 600 g was re-pulped
intc water to prepare a slurry with concentration of 1200 g/1.
Next, this slurry was spray dried by using TYPE DCR LABC SPRAY
DRYER (manufactured by Sakamoto Giken, Ltd.) to obtain
granulated particles. These particles were put in a pot made
of mullite or mullite/cordierite and static baked at 1000 °C
for 3 hours. After cooling anddispersing intowater 1.0 liter,
this slurry was screened through a sieve of 200 mesh (opening
of screen 75 um). The slurry passing through the mesh was
filtered and dried to cbtain zinc oxide particles having median
size (D50) of 13.3 um. The size and shape of the obtained zinc

oxide particle were observed by Scanning Electron Microscope

JSM~5400 (manufactured by JEOL, Ltd.). The cbtained electron
microscope photograph was shown in Fig.23.
[o085])

{Comparative Example 4)

ZINC OXIDE NO. 1 (manufactured by Sakal Chemical Industry,
Ltd., median size (D50) 0.6 um) 1200 g and ammonium bromide 12
g (1.00 weight % relative to the weight of ZINC OXIDE NC.1) were
mixed for 30 seconds, and the obtained mixed powder was charged
in a pot made of mullite or mullite/cordierite followed by
baking at 1150 °C for 3 hours.

After cooling and dispersing into water 3.5 liter, this
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slurry was screened through a sieve of 200 mesh (opening of

screen /5 um). The slurry passing through the mesh was filtered

and dried to obtain pseudosphere-shaped zinc oxide particles

having median size (D50) of 10.2 ym. The size and shape of the

obtained zinc oxide particle were observed by Scanning Electron
Microcscope JSM-5400 (manufactured by JEOL, Ltd.). The

obtained electron microscope photograph was shown in Fig. 24.
g

Heat conductivity was measured by feollowing the same procedure

as that of the above Examples. The results were shown in Tables
3 and 4.

[o086]

(Comparative Example 5)

ZINC OXIDE SUPERFINE (manufactured by Sakai Chemical

Industry, Ltd., median size (D50} 0.2 um) 600 g was re-pulped
into water, dispersant (manufactured by KRO, Ltd., POIZ532A)
3.50 weight % relative to the weight of the ZINC OXIDE SUPERFINE

were added to the aguesoug solution, and ammonium bromide 1.00

weight

O

% were added to prepare a slurry with concentration of

840 g/1l. Next, this slurry was spray dried by using TYPE DCR
LABO SPRAY DRYER (manufactured by Sakamoto Giken, Ltd.) to

obtain granulated particles. These particles were put in a pot

made of mullite or mullite/cordierite and static baked at 1000

°C for 3 hours. After cooling and dispersing into water 1.0

liter,

this slurry was screened through a sieve of 200 mesh

(opening of screen 75 um). The slurry passing through the mesh

was filtered and dried to obtain zinc oxide particles having

median size (D50) of 14.4 uym. The size and shape of the obtained

zing

oxlde particle were observed by Scanning Electron

Microscope JSM-5400 (manufactured by JEOL, Ltd.). The

obtained electron microscope photograph was shown in Fig. 25.

Heat conductivity was measured by following the same procedure

as that of the above Exanples. The results were shown in Tables
3 and 4.

foos7]

(Comparative Example 6}

ZINC OXIDE SUPERFINE {(manufactured by Sakail Chemical
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Industry, Ltd., median size (D30) 0.2 um) 600 g was re-pulped
into water, dispersant (manufactured by KAC, Ltd., POIZ532A4)
3.50 weight % relative to the weight of the ZINC OXIDE SUPERFINE
were added to the aqueous solution, and hydrochloric acid 0.37
welght % was added to prepare a slurry with concentration of
580 g/1l. Next, this slurry was spray dried by using TYPE DCR
LABO SPRAY DRYER (manufactured by Sakamoto Giken, Litd.) to
obtain granulated particles. These particles were put in a pot
macde of mullite ocr mullite/cordierite and static baked at 1000
°C for 3 hours. After cooling and dispersing into water 1.0
liter, this slurry was screened through a sieve of 200 mesh
(opening of screen 75 um). The slurry passing through the mesh
was filtered and dried to cbtain zinc oxide particles having
median size (D50) of 13.2 um. The size and shape of the obtained
zinc oxide particle were observed by Scanning Electron
Microscope JSM-5400 (manufactured by JEOL, Ltd.). The
obtained electron micrescope photograph was shown in Fig.26.
Heat conductivity was measured by fellowing the same procedure
as that of the above Examples. The results were shown in Tables
3 and 4.

[0088]

{Comparative Examples 7 and 8)

Physicality of alumina particle as an excergic material,
having physicality as shown in Table 3, was evaluated by
following the same procedure as that of the above Examples. The
results were shown in Tables 3 and 4. Further, the electron

*microscope photographs were shown in Fig.27 and 28.
[00s9]
(Comparative Example 9)

Oxides including Zn0 93.9 mel%, Biy030.10mol%, Co0:1.00
mol%, MnO 1.00 mol%, Sby0; 2.00 mol%, NiO 2.00 mol%, A1°" 0.005
mol% were added to a slurry of zinc oxide particle being ZINC
OXIDE NO.1 (manufactured by Sakail Chemical Industry, Ltd.,
median size (D50) 0.6 um). This slurry was spray dried by using
TYPE DCR LABOC SPRAY DRYER (manufactured by Sakamoto Glken, Ltd.}

to obtain granulated particles. The obtained granulated
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particles were baked at 1200 °C to obtain zinc oxide particles
of Comparative Example 2. The electron microscope photographs
of the obtained particles were shown in Fig.29 and 30.

As the zinc oxide particles of Comparative Example 9, the
apparent density was 1.94 g/ml and tap bulk density was 2.74
g/cm’. The result shows it is obvious that high-density particle
was not obtained. Further, it is shown that many particles
having many voids, having low sphericity about the shape, and
not being spherical are contained as evidenced by Fig.29 and
30. In addition, the aspect ratio of zinc oxide particle of
Comparative Example 9 was 1.40. The ratic of particles having
the aspect raticof 1.10 or less was 6 $. These evaluation results
wore shown in Table 3.

[0090]
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[000o4]

As shown in Table 4, heat conductivity: 9.5 (W/m-X) was
extremely increased by filling up the zinc oxide particle of
Example 1 in high volume % (68.8 volume %). This was derived
from the fact that the zinc oxide particle of Example 1 was large
particles being spherical and high-density and having median
size (D50) of 28.5 um. Therefore, such zinc oxide particle of
Comparative Example 4 having a median size (D50} of 10.2 um
could not make heat conductivity as high as Example 1 because
the particle size was smaller than the zinc oxide particle of
Example 1 and the particle was not spherical so the filling
efficiency would become worse and it could not be filled up to
58.8 volume %.

[0095]

From the results shown in Table 4, it was cleared that
the exocergic filler of the present disclosure had superior
property than the exoergic filler used widely. It was cleared
that, even if the filler was filled up densely or loosely, the
exoergic property could be provided.

[onos]

From the results shown in Tables 2 and 4, when salts of
lithium, sodium, potassium, copper, magnesium, calcium, nickel,
and cobalt are used as organic acids, organic bases, inorganic
aclds, inorganic bases, and salts thereof, it i1s obvious that
the insulation property can be improved considerably with the
particle diameter and other suitable property for the exocergic

property maintained.

INDUSTRIAL APPLICABILITY
[0097]

The zinc oxide particle of the present'disclosure can ke
used suitably as the excergic filler. Inaddition, theparticle
can be used for applicaticons such as rubber accelerators,
pigments for coating compositions and inks, such electronic
components as ferrite and varistor, medicinal products and

cosmetics.
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[oo9s]
Further, the one cbtained by using salts of lithium,

sodium, potassium, copper, magnesium, calcium, nickel, and
cobalt as organic acids, organic bases, inorganic acids,
lnorganic bases, and salts thereof not containing a halogen has
superior property about the insulation property, so it can be
usedforelectronicdevices.Specially,thezincoxidepaﬁticle
can be used suitably as the exocergic filler for electronic

devices.



EEA resin Zino oxide particle of Example 1 Zino oxide particle of Example 7 Zinc oxide particle of
Example 10 Zinc oxide particle of Example 12 Zinc oxide particle of Comparstive e)enmple 2 Zinc
oxide particle of Comparative example 4 Alumina & Comparative ext,mPtell 7 Alumina of Comparatam
anent:lel 8 (9fironniemr 18118 ifi A184 8fir1113l /lent conductivity (W/m-10 Specific volume resistance
value (87 -cm)1 2 36 [0094] As shown in Table 4, heat conductivity: 9.5 (W/m-K) was
extremely increased by filling up the zinc oxide particle of Example 1 in high volume % (68.8 volume
%). This was derived from the fact that the zinc oxide particle of Example 1 was large particles being
spherical and high-density and having median agEfBéSO) of 28.5 pm. Therefore, such zinc oxide
particle of Comparative Example 4 having a median size (D50) of 10.2 um could not make heat
conductivity as high as Example 1 because the particle size was smaller than the zinc oxide particle of
Example 1andthe paricledas setsphesical sedhe:filingietlisiengy wouldibecomeaverse and it could

not be filled up.to 68.8 Vé)}tgﬂe %,-100951 ém Cfrg%tpgnregggs S r(?ﬁ]ra ;n ggb%4,#|%\:v% & red that the

exoergic filler of the preSent disclosure had superior property than the exoergic filler used widely. It
was cleared that:-even if the filler was filled up densely or loosely, the exoergic property could be
provided. [0096]

2. The zinc oxide particle according to ¢laim 1, having at least
82.0 weight % purity of zinc oxide and containing, as other
metals, at least onemetallic element selected from the group
consisting of Mg, Ca, Ni, Co, Li, Na, K and Cu of less than
15.0 weight % as oxide relative to the weight of said zinc
oxide particle.

3. The zinc oxide particle according to claim 1 or 2, having
the aspect ratic of 1.00 to 1.10.

4. The zinc oxide particle according to claim 1, 2 or 3, wherein
90% or more of sald particle has the aspect ratic of 1.10

or less.

5. A method for producing a zinc oxide particle, comprising a
step (1) of mixing a source of the zinc oxide particle with
at least one compound selected from the group consisting of
crganic acids, organic bases, inorganic acids, inorganic
bases, and salts therecof not containing a halogen to
granulate, and a step (2) of baking the granulated particle
obtained in said step (1) to obtain the zinc oxide particle

according to Claim 1, 2, 3 or 4.

6. The method for producing a zinc oxide particle according to
Claim 5,

wherein the organic acid, crganic base, inorganic acid,

incrganic base, or salt thereof is carboxylic acid, nitric

acid or salts thereof.



From the results shown in Tables 2 and 4, when salts of lithium, sodium, potassium, copper,
magnesium, calcium, nickel, and cobalt are used as organic acids, organic bases, inorganic acids,
inorganic bases, and salts thereof, it is obvious thatthe insulation property can be improved
considerably with the particle diameter and other suitable property for the exoergic property
maintained. INDUSTRIAL APPLICABILITY [0097] The zinc oxide particle of the present disclosure
can be used suitably as the exoergic filler. In addition, the particle can be used for applications such as
rubber acceleratorsypigments for geating-cempositions @quﬁéygiﬂ@i%c%%@%@m@%ﬁts as ferrite
and varistor, n@dic.inalﬁaprodu%ts and cosmetics. 37 [0098] urther, the one obtained by using
salts of lithium, s6ditm; p%%assfum, copper, magnesium, calcium, nickel, and cobalt as organic acids,
organic bases, inorganicddids Hfofgarie bases 1and s4its tHercof Aot contaitting &chalogen has
superior propeitysahout the nssikation property, se d-gan be aisedddan elestronic-dewices.Specially, the
zinc oxide particle can,be used suitably as the exoergic filler for electronic devices. CLAIMS 1.A
zinc oxide partf%g Il%;e?n%@hi%ﬁ?dlégns?t?/%vh%ﬁlﬁa% Sgn%&. of .0 gﬁém?a%r’mg%é ;ﬁa ’m%e?d%rﬁdsize (D50)
of 17 to 100009Mm. 2. The zinc oxide particle according to claim. 1, having at least 85.0 weight % purity
of zinc oxide and containing, as other metals, at least one metallic element selected from the group

consisting g Meh Ca. ML,y Py fanddih ot safand a0 weldht % as0xide j8latvedo the
weight of said zinc oxide particle. 3. The zinc oxide particle according to claim 1 or 2, having the
aspect ratio of A6 T5'1 49, B°ThHe 2t dxidé partichd aécording to claim 1, 2 or 3, wherein 90% or
more of said particle has the aspect ratio of 1.10 or less. 5.A method for producing a zinc oxide
particle, comptising asteR (1) of suxing asquees of the zing oxide pagticle, with at least.ong compound

i o%ganic acids, inorganic bases,

selected from the rgroggecoggggg%ff orgtanic ag S, orgfnic as?es, in
and salts theredt nb%contalnlng a aIP((J:IgenOtoagr Gidte, a[no?‘ as epO(E) f baking the granulated particle

obtained in said step (1) to obtain the zinc oxide particle according to Claim 1, 2, 3 or 4. 6. The method

for producing a zing.oxigleRarticle ageetding to-GlaimA,ng wheseinthe osganie asid: organic base,
inorganic acid,aiggp@,graél“il% ase, fggt rgh(ﬁreogis cdarggxylic acid, nitric acid or salts thereof. 39 7. The
method for producing a zinc oxide particle’accordingto Claim 5 or 6, wherein the organic acid,
organic base, inorganic acid, inorganic base or salt thereof is a metallic salt selected from the group
consisting aftMg, Gay Nk &o; ¢, Nap KrandyCur8» Ao exeergie fillericomprising the zine oxiee particle
according to Clajm 1, 2, 3 g%%.o%cﬁqlgx%%rgg: resin; composition, campyising the zinc oxide particle
according to a Claim 1, 2, 3 or 4. 10. An exoergic grease comprising the zinc oxide particle according
to Claim 1, 2, 3 or 4. 11. Anexoergiccoatingcomposition comprising the zinc oxide particle according to

aClaim1, 2, 3 or4.



