1 SPECIFICATION ZINC OXIDE PARTICLE, METHOD FOR PRODUCING IT, EXOERGIC FILLER,
"EXOERGIC RESIN COMPOSITION, EXOERGIC GREASE AND EXOERGIC COATING
COMPOSITION TECHNICAL FIELD [cool] 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 exoergicresSnFcarnpasition, 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 electrdhic %Bén@%&&?fé‘}rité@’éhd%r%@&,Pﬁ@@i@@ﬁrdduc%&dﬁnﬁﬁ@?&s one of
various applicatcarisof RIS inc Oxide; anlexoergicfillg Hiasbeer proposéd [se&FdtémDocuments 1
to 4). However-alumina.apd atupinum 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 exoerdic sheets
and so onT because:Mohsiardness of alumina is high. Further, it is difficult to add aluminum nitride to
aresin in hjghygencentration, because of poor filling property. In addition, aluminum nitride is
expensive, so exagrgic parts made,thereof is expensive. Therefore, new exoergic fillers which 2 are
made of other m;tfh;ﬂ%alggﬁasne&}cﬁéaﬁ\%grﬁ%rn%l %:a]t%ﬁglg are r?eéz&élmﬁé e ]%ﬁccé%de has
almost int&anédiate tHe¥mat eohddetivify betiveeh dllifming and@uifim Aitride®ahd §s-Sditable for use
as an exoergic filer. However zidc oxidedhatisiised widelyforindustrial psersa finefarticle having
a particle dialaigeotbmardess and sueh 2lngoxide sinieduentyisedegaisen: s o

interfacialareaofthéparticleincreases, leadingtoincrease in thermal resistance between each particle
and degrabfiation T eXoergripropérty. 5 hot-preferted Bechise thefittd pantidle having s particle
diameter dfdum o tessrhrassargessurfacerarea and:thewiscosityfofra resimicormposition cemprising the
particle increases fo. make,impossible.for the fine parficle to,mix in; high congentzation. The particle

diameter of zinc oxide is preferably larger bécause it can be expected that heat transfer route in the

resin comBoSIfiSH i€ Mtredsed e the Parficid HidRetsr grow faryer and improvement in heat transfer

derivedfromclosest-packingeffect is attained by combination other filler. Further, it is preferred from a

point of viewofhigthheattransier properiy 40have less hole and high density. [0005] Concerning
zinc oxide %%frél,g\%e; having a median size (D50) of 20 to 120 pm, the one disclosed in Patent
r

Document istor is publicly known. When the zinc oxide particle is used as an exoergic filler, it
is needed for the Zir& &xade parficle’ ichave & Rfge paftfclérdidmeter BRAY have high dehdtty of particle
inside. However zthe-zisic:oxide particle discigsed inRatentDacument bdhasthe-followings

characterigliee: (kU Shows 20 2agr §J} ke Shapeand-has many ynevenness,and fine pores, so

uniform particles can not be obtained; (2) the zinc oxide is desll’—gogred to increage the number of primary
crystal grdiiiéiatthessurfake of the- fartiéfe“and ingide thereof. Fot mékifig tHe zind Okide'Hiore suitable
as the exoergic filler, itis prefertedito clearthedineveness:amelfine-pdres atthead oHeen

proposed (see Patent Documents 1 fo 4).

However, alumina and aluminum nitride are usually used widely
as the exoergic filler. Therefore, the zinc oxide is put into
actual utilization less than these fillers.

[o003])

However, alumina has & problem that kneading machines
become extremely worn in the production process cof excergic
sheets and so on, because Mohs hardness of alumina 1s nigh.
Further, it is difficult to add aluminum nitride to a resin in
high concentration, because of poor £illing property. In
addition, aluminumnitride is expensive, s¢ exosergic parts made

thereof 1s expensive. Therefore, new excergic fillers which



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 preferre@j 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 carrying a charge of Inc is a free electron and has the feature of N-type
semiconductor. The conductivity would be improved by adding A/3 into ZnO, because it works as a
donor proxidinghadree électronrtorZnearid: the humbesof thesfree efectronsintZznC inckéases. [0006]
As a spherical zing oxide particle, the one that proposed for the field of functional materials such as
varistor(PaLant D(icument 5) and self-cleaning powder (Patent Document 6) which show ultraviolet
absorption felt, catalyst effect, antibacterial effect or conductive effect is publicly known. However, it
was hard to obtaifi arzine:oxide particlé heirly spherival dhatighidensity ard Waving aimeédian size
(D50) of 17.10,0000.pmRy, Hsipgdhe abeve technalogy: {000 The methed for preduging a spherical
zinc oxide patrticle havi‘ncg1 gagticje diameter of | to 50 m by baking an organazinc.compound has been
proposed {Patént Documient 7); Aspherical particle coufd %é‘o% ai“n'édtbj'i Using the tec r¥o|ogy, but it
could not iebiaifsphetizal patiéle S seisttively bécagse konpeitd-BRaped parficlasweté produced at
the same gime.pfhe-investorefthepresent disclosiwe made an additional-iestand-ttousnd that the

partcl size iriution of e, obtained papicie.was measicer and e edian sz () was soveral

micrometer, so particles having mediansize (D50) of 10 pm or more could not ?obtai“n“ed, [0008] A zinc
oxide being 'aZifE BRite paritiedcised By EmbricvaleREdSpant Ts Hisclossd ffPatett Document 8.
Hoyvever_,eéa@@k;gthe zquﬁ p_f_ which thEsoutertEi_rpur_mferengeiismi@pedey atmetal isrdisclosed and
a zinc oxide, particle, hﬂ%‘@g:ﬁf%@%@@&@%@%@%@ not disglosgd. {0009}, . o in, Patent

Document 9, an oriented zin¢ oxide-type piezoelectric material containing at least one selected from
the elemeRt Grotp cOnERIHY of €2 MECRF and &b i 1RE cOMPasiasi is dEISERY Howeler, a zinc
oxide havingshe=spdcified particie giameteniskrot disclosal i the DocunTem sPRIOR TEEHNICAL
DCXNJMEBB'Bﬁl@Nﬁﬁ%&%Uéﬁﬂﬁéd@%Hﬂion. The particle diameter of zinc
oxide is preferably larger because it can be expected that heat
transfer route in the resin composition 1s increased as the
particle diameter grow larger and improvement in heat transfer
derived from closest-packing effect 1s attained by combination
other filler. Further, it is preferred from a point of view
of high heat transfer propsrty to have less hole and high
density.
[oo05]
Concerning zinc oxide particles having a median size
(D50) of 20 to 120 pm, the one disclosed in Patent Document 5
for varistor i1s publicly known. When the zinc oxide particle
is used as an exoergic filler, it is 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 fellowing characteristics; (1) it
shows an aggregate-1like shape and has many unevenness and rine
pores, so uniform particles can not be cobtained; (Z) the zinc
oxide is designed to increase the number of primary crystal
grains at the surface of the particle and inside thereof. For
making the zinc oxide more suitable as the exocergic filler, it

ig preferred to clear the unevenness ana fine pores at the



[Patent Document 1] Japanese Kokai Publication 2008-19426 [Patent Document 2] Japanese Kokai

Publication Heill-246885 [Patent Document 3] Japanese Kokai Publication 2007-70492 [Patent
Document

surface of the particle and decrease the grains at the surrace
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 f£iller. 1In addition, it
is not preferred to use the zinc oxide particle as a material
for an electronic device because the zinc oxlde particle
contains aluminum and insulation thereof tends to decresase.
That is, a carrier carrying a charge of Zn0 is a free electron
and has the feature of N-type semiconductor. The conductivity
would be improved by adding A1% into Zn0, because 1t works as
a donor providing a free electron to zn®" and the number of the
free electrons in Zn0 increases.
[0006]

Az a spherical zinc ozxide particle, the one that proposed
for the field of functional materials such as varistor(Patent
Document 5) and self-cleaning powder (Patent Document &) .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 & median size (D50) of
17 to 10000 um by using the above technology.

fc007]

The method for producing a spherical zinc oxlde particlie
having particle diameter of 1 to 30 pm by baking an organozinc
compound has been proposed (Patent Document 7). A spherical
par*lcle:couidkxaobtalnedknfu51ﬁg*ﬁuetecunoloay,sautﬁt.co uld
not to obtain spherical particles selectively Dbecause
konpeito-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 (D50) of 10 pm or
more coulid not obtained.

[ooos]
A zinc oxide being a zinc oxide particle doped by a

monovalent dopant is disclosed in Patent Document 8. However,



4] Japanese Kokai Publication 2002-201483 [Patent Document 5] Japanese Kokai Publication
2008-218749 [Patent Document 6] Japanese Kokhi Publication 2009-29690 [Patent Document

only the zinc oxide of which the outer circumference is doped
by ametal ig digclosed and a zing oxide particle having specific
shape and density is not disclosed.

[o002]

In Patent Document 9, an oriented zinc oxide-type
piezoelectric material containing at least one selected from
the element group consisting of Ca, Mg, Ni and Cu in the
compogition 1s discicsed. However, a zinc oxide having the

specified particle diameter ig not disclosged in the Document.

PRIOR TECHNICAL DOCUMENT

PATENT DOCUMENT

[0010]

[Patent Document 1] Japanese Kokai Publication 2008-19426
[Patent Document 2] Japanese Kokai Publication Heill-246885
[patent Document 3] Japanese Kokai Publication 2007-70492
[Patent Document 4] Japanese Kokai Publication 2002-201483
[Patent Document 5] Japanese Kokai Publication 2008-2187439
[Patent Document 6] Japanese Kokai Publication 2009-29630
[patent Document 7] Japanese Kokai Publication Heill-49516
[Patent Document 8] Japanese Kokai Publication 2007-84704
[parent Document 9) Japanese Xokal Publication Hei8-310813

SUMMARY OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[oo11]

The object of the pregent disclosure which hag been in
view of the above-mentioned state of the art, is to obtain zinc
oxide particle having low hardness, supericr excergic and
insulation propertieg, and large particle diameter and being
high-density and to obtaln an exoergic resin composition, an
exoergic greage and an exoergic coating composition that show

an excellent exoergic property by using it.

MEANS FOR SOLVING OBJECT
[0012]



7] Japanese Kokai Publication Heil11-49516 [Patent Document 8] Japanese Kokai Publication
2007-84704 (Patent Document 9) Japanese Kokai Publication Hei8-310813 SUMMARY OF
INVENTION PROBLEM TO BE SOLVED BY THESINVENTION [00111 The object 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 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 compgsitier thatishovl anexeellerntexoergic property Ry:usiRgdtz v 1 1

peing high-density, which has density of 4.0 g/cn’ or more and
median size (D30 of 17 to 10000 um.

It ispreferresdthat the zinc oxide particlie has at least

85.0weight % purity of zinc oxide and contains, as other metals,
at least onemetallicelement selectad fromt the group consisting
of Mg, Ca, Ni, C¢, Li, Na, K and Cu of less than 15.0 welght %
5 .

tive to the welght of the zinc oxide particls.

a
It 1s preferred that the zinc oxide particle have the

Preferably, 90% or more particles of the particles have
the aspect ratic of 1.10 or less
[0013]

The present disclosure relates to a method for procducing
a zinc oxide particle, comprising a step (1) of mixing a source
of the zinc oxide particle with at leasﬁ one compound selected
from the group consisting of organic acids, organlc hases,
inorganic acids, inorganic bases, and salts thereof ne<
containing a halogen to granulate, and a step (2) of baking the

3

granulatedparticle obtained in said step (1) to obtain the zinc

xide particle, too.
Theorganicacid,organicbﬁse,Hnurganlcaﬁld inorganic

base, or salt thereof is preferably carboxvylic acid, nitric acid

or salts thereof.

[0014]

The present disclosure relates to an exoergic fi

[
}—
(£
B

comprising the zinc oxide particle.

The present disclosure relates to an exoerglc resin
composition comprising the zinc oxide particle.

The present disclosure relates to an exoergic grease
comprising the zinc oxide particle.

The present disclosure relates to an exoergic coating

compeosition comprising the zinc oxide particle.

EFFECT OF THE INVENTION



MEANS FOR SOLVING OBJECT [0012] The present disclosure relates to a zinc oxide particle
being high-density, which has density of 4.0 g/cfla or more and median size (D50) of 17 to 10000 rn.

It is preferred that the zinc oxide particle hasatleaSt 85.0 weight% purity rof zinc oxide and contains, as
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 % as oxide relative to the weight of the zinc ox de particle.

It is preferred that the zinc oxide particle have the aspect ratio of 1.00 to 1.10. Preferably, 90% or more

particles of rparticiesshave the:aspeetzatio ©f 4.46 ernless:- {0Q13] 1 sThe present.disclosure relates to
a method for.prodycing a zing pxide particle, comprising.a.step (1) of mixing a source of the zinc oxide
particle with at least one com\f)oun(?? s“engtﬂ_’qu f?ojmbtr%*é; Qr&"j" I&oﬁs}“’s%ﬁ@fof égggﬁib‘aﬁd?,n&ganic

bases, indrganfcacifs inBrgan bases, ‘antFdaks Bistesfinot sontaining a halbger togranulate, and a
step (2) of:baking thecgranwated:particte- ohitained iarsaid step:(1) to-obtain the-zine oxige particle, too.

The oraanig acid, organichase, inotganic acid, égqgoggéqwbgj%ezﬁ%r_%glrgtgqe;elojgm@tejapla}/%grboxylicacid,
nitric acid or salts thélreof_.' [0014] " The presént disciosure’relates to an exoergic fillér comprising

the zinc oXide particle "~ THEDr8sEntdisE6urs relaté$to 'dh éxoergic resin composition comprising
the zinc oxide particle. The present disclosure relates to an exoergic grease comprising the zinc

oxide particlezr pThe presentgisclosure relatestg-an exoergic coat composition comprising the zinc
oxide partiTISh Eg ECT OF THE INVENTION [0015] 6 The zinc oxide particle of the present

disclosure Is larg ﬁp_)articl_e and high density, so it has high exoergic property and is used as the
exoergic filler espeéially suitabky. Therefore] ithas-become possibletosobtam:an exeergicresin
compositiatinan exaefgicmgrease,iand exoergic coating cemposition thathave an.excellent exoergic
property @'x‘éﬂ?ﬁét BRIEF DESCRIPTION OF THE DRAWINGS [0016]

FIG. Z 1s a scanning electron microscope photograph of
zinc oxide particles of the present disclosure obtained in
Example 1 at different magnification froem FIG. 2.

FIG. 3 is a scanning electron microscope photograph of
zinc oxide particles of the present disclosure obtained in
Example 2.

FIG. 4 1s a scanning electron microscope photograph of
zinc oxlde particles of the present disclosure obtained in
Example 3. |

FIG. 5 is a scanning electron microscope photograph of
zinc oxide particles of the present disclosure obtained in

Example 4.

=]

IG. 6 is a scanning electron microscope photogranh of
zinc oxide particles of the present disclosure coptained in

Example 5.

!"r}

IG. 7 1s a scanning electron microscope photograph of
zinc oxide particies of the present disclosure obtained in
‘Example €.

FIG. 8 1s a scanning electron microscope photograph of
zinc oxide particles of thne present disclosure obtained in
bxamples 7.

FIG. % is a scanning electron microscopse photograph of
zinc oxide particles of the present disclosure obtained in

Example 8,



FIG. | 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 Exgmple 1 at different magnification from FIG. I.

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
microscope photogiaph of zinge exitlegrarticleswof¢tlie present distiosure abtained ia Exaniple 4.

FIG. 6 is a;:seanning glectran micrascope phatograph-efzinceXdde payticles,of therpresent disclosure
obtained ip Exarripleé. FIG. 7 is a scanning electron microscope photograph of zinc oxide
particles orféf‘ﬁén%reeseﬁt disclosure obtained in Example 6. FIG. 8 is a scanning electron
microscope photo§F&ph 6t zine éxidedaraclesofthe prasent disefostipg dbtained ik Exafriple 7.

FIG. 9 is a:seanning electsen mieroseope phatograph-efrzinciaxde paiticlesef-therpresent disclosure
obtained in}%&q %Ie% 7 FIG. 10 is a scanning electron microscope photograph of zinc oxide
particles of the [g;ese?lt disclosure obtained in Example 9.  FIG. 11 is a scanning electron
microscope photogfaph 6f zint SxitleHticIesof Hre praseht Aiseiostiré dbiaihed it Exaftiple 10.
FIG. 12 is:a seanmingielegtian microscope phetogtapheofizinti exide particles-ofthepiesent disclosure
obtained ip Example 10 atdifferent magnification from FIGL1¢ o, FifG; 13is a scanning electron

microscope photor?r%m of zinc oxide partjcles of the present disclosure obtained in Example 11.
n

FIG. 14 is a scan eldctrar niicFSEtope Phato§rapht Zin€ oxide Parieies ot ié Bresent disclosure
obtained in Exampte 42. partRIGL45 is & scanningetecttondnicrascopesphotagraph ®f zimc oxide
particles of the,present disclosure obtained in Example 12 at different magnification from FIG.14.
FIG.16is a scénnin%lelchro,n microscogeg)hom%ra h of zirlec oxide é)articlbtlacs)‘_oé the Les{ge_nt disclosure
obtained in Example13.” * “FI&. {718 5 5damming eledtrdh mictsscope photoy éﬁgo‘f zinc oxide
particles of i€ presedediselostelsstained iR Exampield. disFIGST84s alstanning electron
microscopexpheiegraph.of zinc oxide particles of the present disclosure obtained in Example 15.
FIG. 19 is a scanning electron micioscope photograph of 2inc. pxide particles of the present disclosure
obtained in Example 16. )

zinc oxide particles of the present disclosure obtained in

Example 12 at different magnificaticon from FIG.14.

FIG. 16 is a scanning elactron microscope photograph of
zinc oxide particles of the present disclosure obtained in
Example 13.

FIG. 17 i1s a scanning electron microscope photograph of
zinc oxide particies of the present disclosure obtained in
Example 14.

FIG. 18 is a scanning electron micrescope photograph of
zinc oxide particles of the present disclosure cbtained in
Exampie 15.

FIG. 19 is a scanning electron microscope photograph of
zinc oxide particles of the present disclosure obtained in

Examplie 16,

fri

IG. 20 is a scanning slectron microscope photograph of
zinc oxide particles of the present disclosure obtained in
Lxample 17.

FIG. 21 is a scanning electron microscope photograph of
zinc oxide particlies of the present disclosure cbtained in

Example 18.



FIG. 20 is a scanning electron microscope photograph of zinc oxide particles of the present disclosure
obtained in Example 17. FIG. 21 is a scanning electron microscope photograph of zinc oxide
particles of the present disclosure obtained in Example 18. FIG. 22 is a scanning electron
microscope photograph of zinc oxide particles in Comparative Example 2. FIG. 23 is a scanning
electron microscope photograph of zinc oxide particles of the present disclosure obtained in
Comparative EXample 3. FIG. 24 is a scanning electron microscope ghgtograph of zinc oxide
particles of the pré&ént discidsiite CRAMEAINCHRpARIIVE EXMPRE PPOES251S &5canning
electron micrescopeqehategraph lof zincoxideparticles ef thespresentdisclosure obtained in
Comparative Example 553 ; FIG s%b%ﬁ%%&aé‘ﬂé!@t%ﬁ”% migroscope photegraph:ofzinc oxide

particles of the present disclosure obtained in comparative Eggag}wﬁle 6. ELG. 27 ig a.scanning
electron MiEFSscBPe Fhotsgrapk df Alumina i Cohfparative BExampiei7.s ©~ - & 28%s a'scanning
electron misrascope iphotagraph iof Alumina in Comparative Example 8. FIG. 29 is a scanning
electron microscopecphotograph of zinc.axideparticles gbtained in-Comparative Expmple 9. FIG.
30 is a scanning electron microscope photo rgph of zinctoxiQe particles of g&g Eresment dirsclosure
obtained ir'EEmpErdive Bample Oat differahit magniication from E1G 59, EMBODIMENTS [0017]
In the followings: the-preseBtdiselosure is described in detail. The present disclosure relates to a
zinc oxide particle-whichrean be.used for various-exoergicimatesialsoard hiastoediapisizes (D50) of 17
to 10000 m.and a method for producing it. In the conventional use of the exgergic fillers; there is no
example With & Zikc oXid& %éﬁfrmﬁ‘rﬁédi%ﬁ sllﬁrz}]e“’(ﬁ%bj of17 tc(f!?l 10000 %)Lrﬁ Sn?%é%giztlyvgf 41é g/lcm3 or
more usedcard: thetmethdafsrpEGducing such zinc oxide has not been investigated. The present
disclosure has begncompleted bydinding thatthe zine:9 axide particle having:thesspecified median
size (D50).and density has a,more preferred property than gonventional zinc:0xide. J0918] The zinc
oxide particié of the present disclosure has

comparative Example ¢.

FIG. 27 is a scanning electron microscope photograph of
Alumina in Comparative Example 7.
FIG. 28 is a scanning electron microscope photograph of

Alumina in Comparative Example 8.

-ty

FIG. 29 is a scanning electron microscope photograph ©
zinc oxide particles cbtained in Comparative Example 9.

FIG. 30 is a scanning electron microscope photograph of
zinc oxide.particles of the present disclosure obtained in

Comparative Example 9 at different magnification from FIG.29.

EMBODIMENTS
[0017]

In the following, the present disclosure ls described in
detazl.

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 preoducing it. In
the conventional use of the excergic fillers, there 1s no
examplewitheazincoxidehavingnﬁdiansize(DSO}ofi!?tolOOOO
um and density of 4.0 g/cnﬁ or more used, and the methoed fox
producing such zinc oxide has not been investigated. The

present disclosure has been completed by finding that the zinc



density of 4.0 g/cm3 or more and median size (D%0) of 17 to 10000 um. That is, the zinc oxide particle
is characterized by larger particle diameter and higher density than the conventional one. Such zinc
oxide particle has pet-been publicly: knpwmandsit ficst preduced dy:the inveators dbthezprasent

disclosures n e specication, wher, a poyrles i ddec by pasiole dlametes based ondhe median

size (D50) intd twg groups, bigger group and smaller group have equal amounts. The median size
(050) is meastifed by laser diffraction/scattering particle size distribution analyzer DA-750
(manufactured by]JHORIBA, Ltd.), or by statistical means with the eye. The visual observation can be

done by Sca””'”gﬁl%‘:t&%%@'%%%&pep@ﬁ 5400 (H?”%%thﬁgs%%lf%s%@@)s@@ paslicle has
superior property as the exo%\/gﬁ% ler derived from the function me\r;\glg ‘t 9ve ge the
t limi

median siZ& (550) tHetedf i H& GéHred Pangs ot o] The lov f'the” me ian size is
preferably.tv. priterid isore peeferablyr 20 denp The upperllimit'of the hradiars dize (050 ispreferably

10000 m, W@ﬁe@@b%%%(}@%%%@h%@M@ie@bdeOc@@ 4002Q}khe density of the zinc
oxide partlcle of the gresegt dlsclqiurj[ an be me?}sured b%(faé/ Luss%cwt pe.p ycnoilfgg%ﬁI The lower
limit of the é‘éns%y is"more pré?era 7cm SHill fore pre’fé/rafk;]l gr}cmg igh-density
zinc OX|deppmﬂ@l@%f%d%ﬁthé%%%énﬁené@?arﬁ@”@é@éil"y prodfi HESt coRdudtivity and has

superior pegperty:as thei expergicdilles hecause the particlelis:dense-partictel with aafewchallow portions.
If the density is less than 4. icie oergic pr tyrl fo closure can
iy ds b hé*b 1]9691!19% , guffigient exoergic p ek Necded far the, eges?zg}m,;i

not be obtalned e zinc oxide partlcle of the présent disclosure have

apparent déisif @FLZ%@ GIRTTEr Hereeniddared By UiS k- 510%- 121 485 ﬁﬁefﬁod ot S
pigment-apparent densityyor apparent spetific:valume/ (statichmethod). Sach-apparentdensity is an
indicative walue.of densificalian, high densityi-and segulation.aad uniformitk insshane of (e particle.

Such zinc oxide particle having high apparent density has the advanta ﬂ%?;[ artlcle shows
filingTa

superior ek&eRjie préperfy- dte Jfo Iﬂ?ggffl&el‘%tfofiﬁ% dfticle tssif }iﬁa o8

&'to'4 Yesin can be
increased ferthelreasomtivat the particle hdsisphericat shape and highes anifermit)SFo022) ©

{manufactured by JECL, Ltd.). The particle has supericr
property as the excergic filler derived from the function
mentioned above, because the median size (DLO) thereof 1is
within the defined range.

[0019]

Tha lower limit of the median size is preferably 17 um,
and more preferably 20 um. The upper limit of the median size
(D50} is preferably 10000 um, more preferably 1000 ym and still
more preferably 100 um.

[0020] .

The density of the zinc oxide particle of the present
disclosure can be measured by Gay-Lussac type pycnometer. The
lowerlimitcﬁfthedensityisnmrepreferably4.0g/cmBandstill
more preferably 4.5 g/cm’. The high-density zinc oxide particle
defined by the above-mentioned range easily produces heat
conductivity and has superior property as the exoergic filler
hecause 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

obtained.



The zinc oxide particle of the present disclosure preferably have tap bulk density of 3.10 g/cm3 or
more measured according to JIS R 1639-2. Such zinc oxide particle showing high tap bulk density has
the advantage that the particle has superior exoe]r%ic property due to high density of the particle itself
and the filling rate to a resin can be increased for the reason that the particle has spherical shape and
high uniformity. [0023] The zinc oxide particle of the present disclosure is preferably spherical.
Spherical particles can be closest-packed, so the proportion of the exoergic filler can be increased.
Preferably, [thisaedults in higher exoergic property. The shape of the particle can be observed by

scanning electronypicroseepe JSM-9400-manufastured by JEOL, 1dd . The zinc.0xidg particle
preferablyhha}asfan a{s}pecgra\l'gig of 1.0 rtonJ,E.S. V\éhsqq_theo Faﬁticé% is yrs&d as an Teg%‘eégic L;I;i‘ller as the
aspect ratio comes close o I.(if"fﬁg orientation of the fillérs getg Iéés.QFher%Tore,‘ a‘resin molded article
in which filters’are filléd Unifermly deirbeTobtdifed by presslEEmolding froheall afgles! The aspect
ratio is maie preferably d.1-erless.J0024l4d (| sdndhe zine oxide) particles of fhespresent
e sadnt eUdre ot 1 PRliclsa PIEISTRON e (e aspect il oL dariess, That s, the
filling rate when u ed as filler is easily decreased if particles having high aspect ratio an% low
sphericity &ré i8¢ Phereforal it is'preferred tatpartictes having e spheri€alshapeare mixed at
high rate. in addition,t90% ot mdre padicleshavedhe aspect satio afdnEQ-or leas. whemthe aspect

ratio of all pagicles, existing.in he figkdotvision in 29, electipn mierpscope photographuers measured
y

and the aspect ratio of 250 particles in all were measured tr]ce above-mentioned opera ion, we
judged that Gd% or hidte i tRe partidles avé AspédtTatio Bt 116757 168§ [ob25t FRe-AnE oxide
particle oftthe presentdisclosure preferablyscontainstatdeast 85:0welght % of zincoxide as oxide.

That s, it may containother metgllic elements than.zine Anthis case, the content of the other metallic
elements than zing are preferably less than 15.0 weight % as oxide relative to the weight of the zinc

oxide parti d zinc oxide particle in which the content of zinc oxide is high is preferably because
heat conductivity iSEasikigeherated anditias ahexcellent propery astie ekoerdie filleE [0026] The

zinc oxideyparticle of therpresent disclosure-may contain atleasy 820 weight % Qf zing,0xide and as
theowmraccordingtoJISI{1639~2.Suchzincoxideg@rticleshowinghigh
tap bulk density has the advantage that the particle has
superior exoergic property due to high density of the particle
itgelf and the filling rate to a resin can be increased for the
reason  that the particle has spherical shape and high
uniformity.
foo23]

The zinc oxide particle of the present disclosure is
preferably spherical. 8pherical particles can Dbe closest-
packed, so the propertion of the exocergic filler can be
increased. Preferably, this results 1in higher excergic
property. The shape of the particie canbe observed by scanning
electron microscope JSM-5400 (ﬁaﬂufactured by JEOL, Ltd.).
The zinc oxide particle preferably has an aspect ratio of 1.0
to 1.5. When the particle 1s used as an exoergic filler, as
the aspect ratio comes ciose te 1.0, the orientation of the
fillers gets iess. Therefore, a resin molded article in which
fillersare filleduniformiy can be obtained by pressuremolding
from all angles. The aspect ratic is more preferably 1.10 or
less.

[o024]



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 % relative as oxHe 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 is used as an exoergic filler for 12 electronic devices, the high conductivity may not be
preferred. [0028] In tTHe eéntent ol thie metalic elefent i$ ffore refstably 1655 than 1.0 weight %
as oxide refative tothe-weight:of the zinc-axiderpasticle and still-mere: peeferably:2.0-toc5.0 weight %.

The lower jmit of Jne containecampunt s ot padiuiarly lrnited pulis pralerahly 0; weiant %

forincreasinginsufation property encugh.’[00 5] An exoergic filler has the function to Increase the
exoergic propettwkeAFiEE UFFiAte A Greasé ahd % FésT BRest HoweVsic it iS Yesired that the
exoergic fillgs haye dighcinsulatier propesty beTause these greaseiandrshett aredfteriased for
electronic devices, Jhe. npulatiop.propedy.of resins Lsgddor such puER0s Is,geperaly bigh. I

insulation’ property of a material filled inside is low, the insulation ELoper%/ as a Whglg is decreased.
Thereforel the @eérgic materials'ts be'iised Bfeférablyalsbhave fighingtfatioh propefty. [0030]
If zinc oxides of 62.9 valume Hnarefilletsas ah exvelgic nfatetial ipcar Fasid Whichhaving thsulation

property o spegific.volume: resistarics value.of 1045 0.6m whendreldedhinto 3 sheetishape, the
specific volume resistance value of the sheet will be grg?aélg-redugqqgoa%O%glo 101 Orem. If alumina,
being a matéral havinyMigh isuftionpropérty. s filted iR the Same cornposition as previously
explainedntrsspesific yoluraeabsistaricevialus: efitHeoshest Wik be’E0 1485 £615107¢m-? Therefore, a
great redugtion pf dhe spegific yolume resistanee valtieds notecaured; but aluminalisss .
disadvantarlfeou%rj)n that its hardness is high as mentioned above. As an exoergic material which is

used for art8fecttbnic device, a material having high exoergic and insulation properties and low
|undnes&[0031]The zinc oxide particle of the present disclosure

preferably contains at least 85.0weight % 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.
[vo26]

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 % relative as oxide to the weight of the zinc oxide
particle.

[oc27]

The zinc oxide particle containing the above-mentioned
metalliic 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 thig reason, when the zinc oxide particle of

the present disclosure is used as an excergic filler Zfor



The 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 'égh insulation property compared to a high-purity
zinc oxide. Therefore, the zinc oxide particle containing the metallic, element is preferably used for the
purpose that requires high insulation property. If the zinc oxide particles containing a metallic element
of 62.9 volume % are filled up as an exoergic material into a resin which having specific volume
resistance value of 1015 Q cm when molded into a sheet shape, it is preferred that the specific volume
 resistancé valtie dP e chidihed Shédtechn Be Friiiftained at alével 61oIoPE @ X&mcoiifsre. [0032] If
the contenf ohatd@ast one metallic element selected from the Group consisting of Mg, Ca, Ni, Co, Li,

Na, K and Cu is 15,0, weight % or mote as gxide relafive fa the,weight,of fhe zinc.oxjde particle, it is
not preferred because the exoergic property decreasesj. [0033] In addition, when the zinc oxide particle
contains thé &Hoveaiehtioned Thétatic efeinerits® Rightihdhration propety*&ahhe obtained. However,
when the zincoxideipsrticte contairs ather metallic elemrents;thé enhiahging-effects for isulation
property r&@iﬁ%b% obtained. Sc, in the present disclosure, it is preferred to contain the specified

metallic element. Therefore, it is @referred that aluminum which is an
The lower limit o

tne contalned amount is not particularly
limitedbut ispreferably 0.1 weight % for increasing insulation
property encugh.

[0029]

An exoergic filler has the function to increase the
exoerglc property when filled up into a grease and a resin sheet.
However, 1t 1s desired that the exocergic filler have high
insulation property because these grease and sheet are often
used for electronic devices. The insulation property of resins
usged for such purpose is generally high. If insulation property
of a material filled inside is low, the insulation property as
a whele 1s decreased. Therefore, the excergic materials to be
used preferably also have high insulation property.

[oo30]

If zinc oxides of 62.9 volume % are filled as an exoergic
material in a resin which having insulation propsrty or
specific volume resistance value of 10*° Q « cm when molded into
a sheet shape, the specific volume resistance value of the sheet
will be greatly-reduced to 10° to 10*° Q < om. If alumina, being
a material having high insulation property, i1s filled in the
same composition as previously explained, the specific volume
resistance value of the sheet will be 10*% to 10% Q - cm.
Therefore, a great reduction of the specific volume resistance
value 1s not occurred, but alumina is disadvantagsous in that
its hardness 1s high as mentioned above. As an exoergic material
which is used for an electronic device, a material having high
excergic and insulation properties and low hardness.

fooz1] |
The zinc oxide particle contalning at least one metallic

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



undesirable metallic element in the viewpoint of the insulation property is not actively added and
aluminum is not contained substantially. More sg cifically, the content is preferably 0.0001 weight % or
less as A13 relative to the weight of the zinc oxide particle . [0034] Generally, it is
donetocombinesmallparticle, middling particle, and large particle concerning particle diameter for high
exoergic property of the exoergic material. The zinc oxide particle of the present disclosure has
preferably D90/D10 of 3.0 or less. That is, the ratio of 090 and 010 is preferably small (that is, a coarse
particle havingiextrémelyildrgenaa particieldiametsr i W ontaimeth Sintthisinayiierskoerdic filler
which can-be:Closest-packegis:preferably produeed:beeayse mebitraty-sized particles caa be arbitrarily
mixed by decreasing the content of coarse icles an | icle size distributiop sharper.
[0035] C(B%L“Oaé"rl;‘dgﬁ%oig}é v@?q“e%&&eé(méi{r%g %%mégsﬁﬁﬁ%%g%%ﬁ%g E%g d%#iblﬁ%ﬁ. 010 means
10% cumBlasive partiche Hiarratet 5A Yohirfe b8’ it BB MesE§0% cuulatife particle diameter
on volume hasis. Jhese vales are measured bysthe ISaine aethod asthe netian size=(G50). [0036]

As mentioned abave, the, zinc axide,particle s not particularly limited concgring the-preducing method

thereof, but it can be produced by the following method. This method for producing a zinc oxide
particle dé$eFibed Hterin Hetall 5 bRk H2PECY b the Presént didcldZhré  fBbFAL << THeFinc oxide
particle ofzthespresentaisglesure taniise ghtaihedinca rrethod foreproducing azinéoXidesparticle,
comprising a.step {1)-af mixing a,source fithe zincoxideparticle with:at least onecompeaund selected
from the group consisting,organic acids, organic bases, inorganic acids, inorganic bases, and salts
thereof togfdfulate: and a s@ép ) ot'bdking the granulated particle obtained in the step (1). By using
the above-fiehtidhed method, it becomes possible to produce large amounts of zinc oxide particles
having median sizes050) ef-k# t0:10000m that.showfewparicie: fusior-asd arediakeddnto particle
inside well. The above-mentioned method for ,r%%qcieg a zinc axide partiglg is suitghle method for

producing'sphérical zific oxide particles. [003 _ " \

: is 15.0 weight % or more as oxide relative to the weight of the
zinc oxide particle, it is not preferred because the exoergic
property decreases.

[0033]

In addition, when the zinc oxide particle contains the
above-mentionad metallic elements, high insulation property
can be obtainad. However, when the zinc oxide particle contains
other metallic elements, the enhancing-effects for insulation
property may not be obtained. So, in the present disclosure,
it is preferred to contain the specified metallic element.

Therefore, it is preferred that aluminum which is an
undesirable metallic element in the viewpoint of the insulation
property is not actively added and aluminum 1s not contained
substantially. More specifically, the content is preferably
0.0001 weight % or less as Al°' relative to the weight of the
zinc oxide particle

[0034]

Generally, 1t is done to combine small particle, middiing
particlie, and large particle concerning particle diameter for
high exoergic property of the excergic material. The zinc oxide
particle of the present disclosure has preferably DS0/DI0 of
3.0 or less. That is, the ratic of D30 and D10 is preferably

small (that is, a coarse particle having extremely large



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, organic bases, 15 in]ogfganic acids, inorganic bases, and salts thereof to
granulate. The step (1) is a step of re-pulping a source of the zinc oxide particle in water and mixing
with an organic acid, an organic 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 loxide pasticle i$ uded asca faw naterial. As thelsouece of e zineexide particle is
not particularly limited provided-thalit may converted fQ zing oxide byhaking,butincludes;zinc oxide,
zinc nitrate, zinc sulfate, zinc carbonate, zinc 1,h)}/(;lﬁrjx_)xide{l zinc ace&%ﬁ?la«%“d&a\?nrﬁﬁg t%‘_eb :
above-meRtiGREd Sotiree-of thieZific HRide partice: Zinc Gxide is especially preferied. The source of the
zinc oxidedsarticlespraterably has mediantsized050) bf 0101 Fp1A. TFhelmédiart Sizé {D50) of the
source of the-zing oxide: particlenis smeaswred by laser diffraction/scattering particle size distribution
analyzer LA-750_(mnanufactured by HORIBA, Ltd.) or dynamic light scattering particle size distribution
analyzer EL%% manufactured by OTSUKA ELECTRONICS, Ltd.). [0040] The zinc oxide which
is used as a raw rRateriaris ndtPartrtfarjAindieed, it the Finesskide prédircddin Ererich®Method,
American Methed aadsather common methadsicah be asedlParticularly zineoxigletwhitk is produced
in French Method is.preferably lisecl hecause;the zine.oxidedias few.impuritiesJ0041]., . The

organic acid, organic base, inorganic acid, and inorganic base include, for example, acetic acid, citric
acid, propfomEEEiar butyFe e 186t Acidt Bxafc Seid! Sfeané 487 Hiticadid, SUfurid’Bid, hydrogen
peroxide, hydioxitlesioni-amnmenia apyridine, pipérazine, imidazole and so on. The salt thereof
contains, f ple, ammonium, salt, zinc salt, magnesium salt, copper salt, calcium salt, nickel salt,
cobalt salt, sodium salt, potassium, salt, lithium salt, amine salt, gnd cesium salt. More s&ecifically,
ammoniumpolycafboxyiafe: 18 Zihc Acethte, maghesiumacetite “Copper acetate, 36didm acetate,
potassiunpacetate; lithin acetates tithioncsteatate, ine pitrats fithignTaikiaeel aghesibm nitrate,
copper nitrate, calcium, agetate.nickel acetatencobalt aestatey zinc-sultate, lithivm hydroxide, sodium
hydroxide, potassium hydroxide and cesium hydroxide may be used.. _ - Especially, sodium salt,
potassiumffdit,pa%cadlﬁﬁi%rﬁqugltzlsl preferre ebé}é‘efu"sleﬁf% is %3 % Jﬁ%ﬂ(% fhe surface %y? the %ked particle
smooth andFadjust thegsarticle shape. PoagEnt Fhedhixiig-d&mount of the organic acid, organic base,
inorganic agigl; indrganic base and salt thereof depends on a component to be mixed but is preferably

0-L weight % 10 leg (31 150 welght- .23 exidejelatie Io fhesueiohi of thesowre,of the zinc oxide

particle when a meta salt is used. Because zinc of>q<ide:s are baked densely on baking process and the
insulation PROpEHYAS intredseli * D OWhenadefic QiR Uséd 4s the Srgantc &4d, orgaric base,
inorganic acidpinorganic base;, ®p sdlt theréofrthe.mixing amount ofthetdcetic acid is:preferably 0.1 to

10.0 weight 96.relative to the weight of the seurceof the, zing oxide:particlehecause zing.gxides are
baked densely on baking process. [0043] Howey\er{,ﬁthg or%anic acidihoraqﬁa‘lnti:c %a}:sﬁedisnorganic acid,
inorganic B45E° bt saft herésFshonld ot B one“cotaining A halbgen component stich as ammonium
bromide andhydeochiorie acid,' Whers thetconrlpotmd comairing afidl6geh cormpdheht Is mixed, it is
hard to obtainya.zing oxide particle heingisphetdealand bavinganedian size {RH0) 0f 17 ta10000 um.

[0044]  The zinc oxide#)ggicle g%r%t%nril%%z_ipa%gﬁid of 8§0%\/§&%%§/g (')\Eg\?o(ﬁgp% atleast one

metallic el&fentselecte 6 the group consisting of Mg, Ca, NI, Co, Li, and Cu of less than

15.0 weight9%Hscoxitr e i e s the Weight 6ftKe 2fhe dXidecairbe’obtahed By Wkifg Acompound
containing the metaltlicielement@sa paft analoktheworpanicacid, organicision 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.

[0038]

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 cone compound selected

from the group consisting of organic acids, organic bases,



17 base, inorganic acid, inorganic 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, magnest&im hydroxide, calcium acetate, nickel acetate, cobalt
acetate, copper acetate, copper nitrate, sodium acetate, potassium acetate, lithium acetate, and
lithium hydroxide may be cited. [0046] As the other method for producing, the zinc oxide particle
canbealsoobtainedbycombiningthe organic acid, organic base, inorganic acid, inorganic base, or salt
thereof withna metallie compoelnd containiag at least one, metallic element seleetedfrom:the group
consisting -Ca, Ni, Co, Li_Na, Kand Cu. Th talli n ich . sed in such
method ing%al\é%‘, o?eekarﬁglg, §>&§§s g}nk/lgj!',y(:é:, I\%{%%QE?&%“@%%%QC}%Q [({:)O%?]L EEl%éll;ngﬁ(%e other
method fofF ProduEing itis prétérrad t& ik The Bormpotmd conthifing the metdiic-elémeént so that the
zinc oxidezparticksobitainedsinaky.containy fessdthanild, Oaveight Yo efithe inetallic element as oxide
relative to the weight.of the-zinc-oxide particle. It is more preferred to mix the compound
containingt?emet llicelement so that the zinc oxide particle obtained finally contain not less than 0.1
weight % o the’metallic element. Both exoergic and nigh insulation properties can be obtained by
conducting in the abové tange. 0048} r prThegianulation irrtitecstep (14$ hot particularty limited
about the methed thereof, butit-can beseonducted by a method.comprising dispersing, thessource of
the zinc oxide particle and the organic acid, organic base, inorganic acid, | ipgregagg% base, or salt
thereof no?contalnlng ac‘haﬁ(“)gen into Water to préparé a slurry and spray d?ylnghandb*tﬁér“ methods. In
addition, théré'Rta rethéd eormplsing Bdding &F aguésds soRifiohofthE stgafie derd! drganic base,
inorganic agigl-inerganie basey or satithergofl nekcontaining:a halpgemto the: satree efithe zinc oxide
Particle angl Tixnq.(hey. it sharlan glanJiaior. spatan mbxer, henschieLmixeL, ocmarumerizer to

granulate and other' methods. 1 In the'step i); if the case of using the slurry, a
dispersantfhay b6 UsBl. 318 prefefret totide &FathF Scifsalt asthB organitabid Saltbetause the
organic acid salt itselfihas a dispersant function Seithe $lurry Tan becobtaimnedeasily. €Eompounds that

can be used syitably.as; dispersant are ot particylarly limited hut ipelyde ammenium, polygcarboxylate
salt (P01Z532A manufactured by KR Corporation, Ltd.). [0050] A method for preparing the slurry is

not particutdHy limited Befitiudes Zfor eXample’ fa méthod €onfistisity adding the"abdve“mentioned
components to-walter asditispersiag atvl8 40 S0C for 1t 30 mirtes te: obtainthomdgeneous slurry
ga\{ing_thes%%i@;olfsﬂh:@%m% %5gq?@ﬁ%q§£@?t%0f7 @@IO %&%%&95&-&@95&] by mm?r?d olf spra{
rying is not particularly limited but includes, for example, a method comprising sprayjng the slurry into
flowing air“aLtBab%Ju?Jngytg%bCC b%/étl\}vb-ﬁﬁ% “nLoeszFengf %%é?%cﬁspg to 5fzoec§)u%lesg“rggélgjfelao particles
having pasiefeldiafietdiérabout 2018 100 PR ONHisCecabont it 5§ pretdrred to hdjust the slurry
concentratipn withjn the range of 50 to 3500 cps of the viscosity of the slurry. The viscosity of the
slurry is measuredﬂl%ylugi%g B-type \gs%{m%tﬁr (@aagtgguggd g)eraQ]K%g KEIKI; Ltd.) with 60 rpm
share. In this flowing air, the grahﬁiiated particles being dried are trappe tby”a JI%er with submicron
order (bagFfiter): i@@r&’in}%@é@ﬁﬂﬂ, drfing témpératareand oy 8p&Ed are Withotitthe desired
range, therMygrahulatedpartictesbeedmes holdws ot takesdepressed-shajpe {0052} usEhe .zinc oxide

particles can be;obfained.by baking the parficles thus pbtained. The baking gonditions are. not

particularly limited hut it is preferred to conduct the baking under the condition that the baking

temperatufd 5700 {0 1500° 8% tHE HAKIAG timeFis“ 2 1673 RoarSand the 5aking & Stafi¢ Baking. The static

baking can b&oednducted in a pot made of

The organic acid, organic base, inorganic acid, and

incrganic base include, for example, acetic acid, citric acid,
propionic acid, butyricacid, lactic acid, oxalic acid, stearic
acid, nitric acid, sulfuric acid, hydrogen peroxide, hydroxide
ion, ammonia, pyridine, piperazine, imidazole and so on. The
salt thereof contains, for sxample, ammonium sait, zinc salt,
magnesium salt, copper salt, calcium salt, nickel salt, cobalt
salt, sodium salt, potassium salt, Llithium salt, amine salt,

and cesium salt. More specifically, ammonium polycarboxylate,



19 mullite or mullite/cordierite. The baking is more preferably conducted at 1000 to 1200 C. By baking
in the above-mentioned method, zinc oxide particles showing few particle fusion and being baked
densely into the particle inside can be obtained. [)(5653] The baking at less than 700 00 is not
preferred because the particle may not be baked sufficiently into the particle inside. If exceeding 1500
C, itis not preferred because the particle fusion proceeds. [0054] The zinc oxide patrticles
obtained by the above method have a sharp particle size distribution, but the zinc oxide particles may
be classifiedusiagsasiewe ifisharper particletsize distributoreis sequieedordn orderto eemoeVe a few

coarse pagicles.confaingd therein. The ¢lassification.using a sieve ipcludeswet classification and dry
classification, [0055] ., _Even if the particle size of the source of the zinc oxide particle as a raw
material varies fifhe methbod th8 sahfe sinc BXide S artitids as entiohed Rbove tan Be obtained by
adjusting thelamount of theterganic aeid 2organicchase; indrganie heids incrganic base,-and salt thereof
not containing;& halogen:the amount of the dispersant; dhe shirseancentiation, and the baking
temperature, s,uitabkl‘}/. In the, case of spray drylgg, it is able to control the particle size by varying the
slurry supﬁﬁaesdl g%ouﬁgﬁﬂﬁ% Case of two-fluid hozzle, and by varying the number of rotations in the
case of rotary disé: Bieraising thesaking temperaftive 2fheidehsity 6f tHe Baketl Aine adé particle can
be increased {0056}« ¢ The zinc-oxide pasticles:abtained by ¢he aboyesnethed havedthe following
advantages Quer tgg conventionaill éiné:QQxlg%; p%giézlec%%l;t s Qog%ig!g to increase the particle size and

make the Bgrtléfec.sphgrr?fgglfa [t is not needed to use a flux that may damage an oven 20 in the

production hsthad. 3. The particle can be filled in a resin in the large amount. 4. When the patrticles
are filled up denselyén afesing amocextremelytgeodexpergic prapeity candee showed.<lhis effect is

derived from the, fact that the particle diameter is extremely. larger than the ¢onventional zinc oxide

particle, the parficle shape is controlled to have spherical shape, and crystallinity and density are high.
[0057] Th& G8E 3F fE-zinG dXidd pafticle B thetprebErhtdidtiodure is bt particutarty limftéd but the
particles candie Used as=anexcemic filer for example: Thistéxpergicitilleris ohe aspectef the present
invention. ¢ +ne 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 acetic acid is usedas the organic acid, organicbasse,
incrganic acid, inorganic base, or salt thereof, the mixing
amount of the acetic acid is preferably 0.1 to 10.0 weight %
relative to the welght of the source of the zinc oxide particle
because zinc oxides are baked densely on baking process.

[o043])

However, the organic acid, organic base, inorganic acid,
inorganic base, or salt thereof should not be one containing
a halogen component such as ammonium bromide and hydrochloric
acid. When the compound containing a halogen component ismixed,
it is hard to obitain a zinc oxide particle being spherical and
having median size (D530) of 17 to 10000 um.

[co44]

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 Dbe obtalned by using a compound containing the

metallic element as a part or all of the organic acid, crganic



foosai When the zinc oxide particle is used as exgergic 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 thermosettingiresinyand includes, epoxygsins-phenral yesins spalybhenytens sulfide resins ,PPS),
polyester r %i83’5 olyamides, polyimides, polystyrenes, polyethylenes, polypropylenes, polyvinyl
chloride, pdlyvinylidene chloride, fluorine resins, polymethyl methacrylate, ethylene/ethyl acrylate
copolymer resin (PEA); pBlycarBaRates, FohiretRaned) HolyRéestals, polyistetyiene &thérs,
polyetherimides; actylonitsite-bitadicne-styrene tapolymerresin(ABSY,cepokides; phesaels, liquid

crystal fes;%%('e%%’)ﬂﬁ@,()%r&ﬁ@éi agrvlic Lesins and-ather resins, {0059 The, exoergic resin

composition of the present disclosure may be (1) a resin composition for thermal molding obtained by
kneading & ¥Rermiopiasticrebin 4R fHeEHAE oxidepariidledh mditing cofdition, @ aresi composition
obtained hykneadingca thermosetting ¢esim and the zine ogiderpattice followed dyxhermosetting, (3) a

resin compesition for paint,obtained by dispetsing therzingoxideparticle ina resinsolution or 21
dispersion IL%rwd, ?r other resin composition. [0060] The addition amount of the zinc oxide particle in
the exoergi edin composition of the present disclosure can be arbitrarily determined according to the

intended performahiee be:thé resinmedrnposition sueh as exvergicsprdpetty “hardmesstand-So on. In
order to expressdhe exogrgic prepery ofdhe zing.oxide-paricie sufficiently cthg-addition @emount of the
zinc oxide jpatrticle is preferably.60 volume % or more ore. ptrgfemr%lg}I}g 68 v lume. %.gr,more relative to
the total solid matter %f%ﬁé‘%résﬁ)ﬂgorrﬁggﬁﬁo%.a[%%'(iﬁri/v en the g_)‘(foergic“r re§p cor%p%ﬁi"én of the
present diSEIBRGrEiS & P8<in €oipbsition T F theffal Riclding Ctife FESR comfpdhert mayBe selected in
accordancerte thedise. Fof example; whenithe tesinicompasijtianiis placed hetween th&iheat source

and the exgergic plate 1o make them stick together, resins having high.adhesion, property and low

hardness such as silicone resins and acrylic resins can be selegtgd. L9062] When the exoergic resin
compositidiéf thePtesént digdig&ires a'tesin-CompositiGii for paint. the resi fay'be a hardenable

one or a nohhanddnable one. The coating composition may be a solvent type one containing organic

solvents or an aqueQus.type-ene Geptaining:a resindissalved of dispepsedrin.water: [0863] When the
zinc oxide particle is used as an exoergic filler, . . ‘ .
the compound containiiflg the'metallic element so that the zinc
oxide particle obtained finally contain less than 15.0 weight %
of the metallic element as oxide relative to the welght of the
zinc oxide particle. It is more preferred to mix the compound
containing the metallic element so that the zinc oxide particle

[+]

obtained finally contain not less than 0.1 weight % of the
metallic element. Both excergic and high insulaticn properties
can be obtalned by conducting in the above range.

[0048]

The granulation in the step (1) 1s not particularly
limited about the method thereof, but it can be conducted by
a method comprising dispersing the source of the zinc oxide
narticle 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 drying and other methods.
In addition, there i1s a method comprising adding an agueous
solution of the organic acid, organic base, incorganic acid,
inorganic base, or salt thereof ﬂot containing a halogen to the
source of the zinc oxide particle and mixing them with spartan
granulator, spartan mixer, henschel mixer, or marumerizer to

granulate and other methods.
[0049]



the particle may be used as an exoergic grease obtained by mixing with a base oil which contains a
mineral oil Or a synthetic oil. When the particles are used as this exoergic grease, as the synthetic oil,
a-olefins, diesters, polyol esters, trimellitic esterSt$olyphenyl ethers, alkylphenyi ethers and so on can
be used. In addition, the particles can be used as an exoergic grease obtained by mixing with silicone
oils. [0064] 22 When the zinc oxide particle of the present disclosure is used as an exoergic filler,
the particle may be used in combination with other components. The other components which maybe
used together, inciudewtbersexgergic fillers thamzine exide sfich asrmetahexides:inelyding magnesium
oxide, titanjum oxide and aluminum_oxide, alumigu itride, baran nitride, silj'h n.carbide, silicon
nitride, tita%%&r%en%t%i%%f r%@t%ﬂ%%i]%%ﬁ%gnd%(#;?ﬁ%ng?%e*s%s}g{?d gﬁrfgé%n?s.%%ggﬁ’ef%nc oxide
particle of $Re présent s IoSiitd tanTbtain Hetter BX6&gREproperty ACombimmg other zinc oxide
particles havinglsmaller medianssize: (D50):and othersexaergicfiler-Fhezzinooxite particte having

smaller median size (PaQ).t9,be; used in compination.preferably.takes.spherical shape,, needle shape,

bar shape or plate-like shape. [0066] The zinc oxide particle of the present disg:]g)égr can be used in
the fields $iith B8 Tlibbér'dcceleratdrs® bigments for coating Cemposhisits dnd 1 ,%eﬂlé‘ﬁ%lectronic
componergs as ferfiteé ahdAzaristorpmedicina produdts andcosmetics im addition te the exoergic filler.
[0067] AIsoE@@%éi c oxide particle containing at least one metallic element selected from the group
consisting of Mg, §a, NI, Co, Li, Na, E and Cu can be used suitably as the exoergic filler used in the

electronic device field§ %relgéjusreogf éju‘“vp%?%ﬁr{é%lgt%ﬁ probé:ﬁ):}/. [fiiam%res O earéfn%fter, the
present disélasirecwitibe tesetised in AoredetaiPby way BEEXaRplSIbUL the Sresent tisclosure is
hot limited:tedhese examples. $0Q6O(Examples 1) ZING QXIDE SURERFINE (manufactared by Sakai
Chenucalto 30 °C for 10 to 30 minutes to obtain homogeneous siurry 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 inte flowing air at about 150 to 300 “C by two-fluidnozzie
or rotary disc to produce granulated particles having particlie
diameter of about 20 to 100 um. On this cccasilon, 1t 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 €0 rpm share. In this flowing air, the
granulated particles being dried are trapped by a filter with
submicron order (bag filter). If the slurry viscosity, drying
temperature, and flowing speed are without the desired range,
the granulated particles pecomes hollow or takes depressed
shape.

[0052]

The zinc oxide particles can be obtained by bakling the
particies thus obtained. The baking conditions are not
particularly limited but it is preferred to conduct the baking
under the condition that the baking temperature 1s 700 to 1500
°C, the baking time is I to 3 hours and the baking is static

baking. The static baking can be conducted in a pot made of



Industry, Ltd., median size (050) 0.2 um) 600 g was re-pulped 23 into water, dispersant
(manufactured by KAQ, Ltd., POIZ532A) 3.50 weight % relative to the weight of the ZINC OXIDE
SUPERFINE were added to the aqueous solutiort’and acetic acid. 0.61 weight .% was added to
prepare a slurry with concentration of 600 g/l. 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 1200 C for 3 hours.
After coolinglandtdispersing-intoawater 41 litet cthis Slueryowas sgreened thirough fesievé of 200 mesh
(opening of screen: £5 Wp); Hhe slurry-passing thiough the mesh was filtered and.dried, to;obtain zinc
oxide particles showing few pargcle fusion, ?eing Daked derlsgg into the Particle inside, bdeing

spherical it RaVing & Fiedidn Si2e7(D50) of 28.5 - Thesiz& i shape 6f the btainéd Zinc oxide
particle wéreiclkiseéreed By Searning Ei&ctron Mieroscope €SMs5400 tmanbfacttred by IECE, Ltd.).
The obtaingd elecfron microscope photograph was shown in Fig. 1. In addition, the low-powered
electron microsco otograph was shown in Fig,. 70] (Examples.2 tg 6). , _ The zinc oxide
particles were obtg:f?lfggaﬁy fbﬂ%w#g fﬁesgar?]%a&ogégﬁu%oalsbth%? of %(éfn%?é” i&exbc?éﬁia that the organic
acid, orgahiechdser inotganiesacia Sihobgarié base Sand thel salts' therédfhotitdntaininga Ralogen to be
added, the additien ameaust:theseiof, andzteeatiment conditions wererehangedas shewntinglable 1.

[0071] (EW&‘J}@ ﬁ\;%li\l&og(jglgge%gglﬁRFlNE (manufactured by Sakai Chemical Industry, Ltd.,
m

median size (050) 0.2 um) 10 kg was charged into-the cylindrical container inside of Spartan

granulator RVG1al 15HN (manufactured by DALTON.CO, Ltd.). While adding an aqueous solution of
acetic acid 0.61 weéight=%orelativel torthe wieight=ot ZINC :@XIDE SUPERFINE:ahd watex =8 liter, the
mixture was mixed by settingthe number-ofirotations of.chopper and. 24, mixing.arm at 1320 rpm for

240 seconds, and the obtained mixture was mixed at 2410 rpm for 340 seconds after adding the
aqueous Sofiition To GbEafTgranttated paricles. STHese particlesiere put i Aot miateof mullite or
mullite/cordlierites Andstatic bakedkat 0GR Ccfor 3rhoursisThetsize andshapeicfthesobtaited zinc oxide

particle weyg.qbserved by-Scanning Electian, Micrescopes(JSM-5400 manufactured by-JEOL, Ltd. ) ,
being found that particles baked into.the particle inside with the median size (DS0) of 223.7 pm were
obtained. THE obtained &lection microscope photographiwas siown i Fig: 8. [0072] (Examples 8 to
18) Thé iricdxide particles were obtained by following the same procedure except that the
organic acid, organiehase, ineegaaietacid,dnerganie base: andthe=salts thereof not containing a
halogen tq be added, the addition amount thereof, and treatment conditions wer H;EQ?PQ%I_ as shown.
in TablesQf%‘hagzgﬂ%og,%a%ﬁlgte‘ %élues of th§ ‘added | metag émqun%ih terms o% oxide were shown in
Tables. [06739¢ Pahe'Ressurehibiis i PAPIeS L 16 & Weresdohe by foffoliing Taethbd @Median size
(D50), D16 H298noun Zind oxide partictes:1.0cg weighecdwere dispersed intg H:025 weight % sodium
hexametaphpsphate aqueous sojution-100ml-The obfained dispersion liquid wascharged into

measurement bath of laser diffraction/ scatterin pargicle size distribution analyzer LA-??‘O
(manufactBPEe by HORIBAS Ltd § fiféd #ith 0.025 wight 9% soditint hexdmetdphoiphate Squeous
solution ahd rgasuredmndet thescorditiond that circulafion speed b suitrasodictivave strength:7, and
ultrasonic yave time:3 minutes:-Median:size (B50).-D10 andPI0were; decidedwhile; setfing relative

refractive index f\t 1:'15 becau%e refractive index f01; zinc inde was l.% to 2.0 arbd that of water was 1.3
SL'LGD 1e = ‘ﬁ"‘i A7 The case O CWO-LLULd NOZZ1le, ana LDy varying

at room temperature. ]
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.
[0056]

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

1. It is possible to incrsase the particle size and make

the particle spherical.

2. It is not needed to use a flux That may damage an oven



(Aspect ratio) 25 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 measur g by a scale and ratio was 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 pycnhometer that had
washed and dried wasrweighed todhe digitofr@:1 mig; distillated water was charged to the gauge line,

and the weight b (g) af.the pycnometerwas weighed tathe digit of Os.:khmgrn. Nexd, aferdbe
Gay-Lussac type pycnometer was dried, sample 5 g was charged and weight ¢ (g) of the sample was

i

calculated by weighirig" €pycnometer. Dist:Matedwater was charged until the sample was covered
and air contained in the distillated watérowas remodveéd in vaciinrdesiceators” Distifated water was

charged to the gaugedine and the weight g.(g} ebthe pyenometer was weighedtesthe digit of 0. 1 mg

to calculate the density according to the following formula | ensity %Qé%%)c:i ¢ I4(b;a)*c-(d-a)) [0076]
(Apparentﬁé‘h%ifffg}s egtA:b;S)a(%gﬁ:t afgnd;ify‘v?/gstmhgaéﬁ%d b@%TS K 5101-12-1 test methods for

pigment-apparentidarsity dragisarent speeifc ¢ Gt&ticemethod). (8077 ErEp-balk density)
Tap bulk densitywas meassiregwith:JkSR:1639:2.4007 8} £Fillingpitate of-fillery hap i) SEA resin

(()I?EZ)éPEAg%yAS]tlégOlryggggjacé%rgdd%\{quﬂ%p Igglé(e}liyéqp_e Corporation, Ltd.) and zinc oxide matrticles
[0057]

The wuse of the zinc omxide 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 exoergic filler,
the particles can be used in the form of a resin composition
optained by mixing with a resin. In this case, the resin may
be a thermoplastic resin or a thermosetting resin and includes
epoxyresins,phenolresins,poiyphemylenesuifideresins(PPSL
poclyester resins, polyamides, polyimices, polystyrenes,
nolyethylenes, polypropyienss, polyvinyl chloride,
polyvinyliidene chloride, fluorine resins, polymethyl
methacrylate, ethylene/ethyl acrylate copolymer resin (EEA),
polycarbonates, polyurethanes, polyacetals, volyphenylene
ethers, polyetherimides, acrylonitrile-butadiene-styrene
copolymerresin{ABS),epoxides,phenals,liquidcrystalresins
(LCP), silicone resins, acrylic resins and other regsins.

[0059]

The excergic resin composition of the present disclosure
may be (1} a resin composition for thermal molding obtained by
kneading a thermoplastic resin and the zinc oxide particle in
meltingconditi@n,(2)aaresincmmpositionobtainedby%Hmading
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



Examples 1, 7, 10 and 12, (ii) LEA resin not containing the filler of Comparative Example 1, (iii) LEA
resin and zinc oxide particles of Comparative Examples 2 and 4, and (iv) LEA resin and alumina
(manufactured by SHOWA DENKO K. K.) of Cor%]parative 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 1) was calculated supposing that
specific gravity of the EEA resin was 0.945, specific gravity of the zinc oxide particle was 5.55, and
specific geavity of attoninaiparticle was 3:80e Having setaweight=of fillenas a (g), specific gravity
or the filler ﬂ?d%’g eight of the LEA resin as b (g), and specif % gravity of the EEA resin as B, ifling rate
of filler (volume %) was calculated according tg the folloyviné; formula. Filling rztg of filler. (volume %)=
(a/A)f(a/A+b/B)x 106079} (M&KinG of Sheetof resif czb‘nli}posci)ﬁ{oﬁéje P4 EA Tesin and zinc oxide
particles of Examples 1¢218, 48 and 101tod8, (i EEA resii hotéermaing thefiller of
Comparativg.Example, 1, Gi)ERA resin and-zing oxide-partislesiof ComparativerExamples 2, 4, 5, and
6, and(iv) EEA resin and alumina of Comparative Examples 7 a heat d mixed in LAB
PLASTMIEE ( %u?&c%?‘ea%i}“%%‘%ﬁéﬁlﬁ §EuféAREJ-§$ ,eEl%)ga?‘?t%g%%rﬁgér%?a%lt&%i%%)é of 40 rpm
and 150 Gxfor 19ominutesat ratedsfilling Fats F fifler-(VaI Ui 96) A< sSRGWR fif TAbes 11574, The
mixtures of the filler: anrd the-resin wese taken eutrand, puten acenterof astainless-Stegteasting
moldwith 2 ram thickness (150.mm x 200 A ipped. with,two stainless; ,eli (200 mm x
300 mm) from above and’ é:lb\}vcé?r%d 620% gr?%%&éﬁm%%%%ﬁo%&%%%m ;FEU;IT §Fi’tt;)l;EE%S-:tall(é)l%:%rsnanufactured
by TOYO SEIRESERSAKU- S, 138, ooty prédstifing &t 15D E Antlo®5MpPa 75 5 frinutes and
then pressufing-a 156-Crand-2 MPa fos3. minutes. Next, the casting mold was put on the
specimen s &gqtjof Steam Press Machine (manufactured by Gonno Yuatsuki 27 Seisakusyo, Ltd.
and then it was cooled at 25 MPa with running coolant water for 5 minutes to obtain a sheﬁet of resin
composition after Pre&8urintfto 25NB4 Yith passing SEERT And hRating: [0080] (Specific volume
resistancedatug)o s urFhesobteinethshespwas Pl in Tocohstantiemipekating overtseEaE30 C and left
for 30 minutgs.or mare, Then. the sheekwas put between-a negative electrode plaieamade of brass
with 70 mm and a positive electrode plate made of brass ﬁvigﬂ;%oemvm {d. Next, yoLuéE(? [esistance was
measured‘ﬁ@%bpﬂgﬁﬁg%ﬂ%@ dife® Gurrent and En&rging for a minute. It was measured by using digital
ultrahigh resistanbe/ rmicre amimetet fhantfactiréd by ADIC Ebipdralion Btdf BpetfitVolume
resistancepaluea;(Qiem) = was salculates-aceording:ta the fallowing formula.ce =d2/4t XRel t: thickness
of test piece (sheet) d: diameter of innermost electrode Ru: e resistance(Q) [0081] (Heat
conductivigy gmﬁ\léﬁx?, th%csji‘l“’g{‘e% %va%ecsult‘%%t ?oaﬁe %gmé%%g%%é of 55 mm and 2.0 mm thickness
by punch a @t heat conductivity was measured following setting on the specimen support of
ANTOA HC-110 (marufactured byd=KO instruments Corltdsthieimethod with heat:flowemeter).
AUTOA HG L0 was pre-compensated bynising Pyrex standaed plafe with @ 4gimm fyckaess before
w

measurement. Heat conductivity (W/m.K) when reachgd a cdnditigplagf thermal e uci)lig){igrm at 25 C was
measured by MBASHIRWhile R figh femPerdtire Retar ias Set At 35C and fow température heater

was set at 456G Theresultsnaere shown incTables 1 ty»0082] (ComparativedExarfpie 1)
solvents or an agueous type one contalning a resin dissolved
or dispersed in water.

[0063]

When the zinc oxide particle is used as an exoergic filler,
theparticlemaybetﬁed@ﬁsanexoergicgreaseobtainedbynﬁxing
with a base cil which contains a mineral oxl or a synthetic cil.
When the particles are used as this exoerglic grease, asg the
syntheticoil,a—olefins,diesiers,polyolesters,trim@llitic
esters, polyphenyl ethers, alkylphenyl ethers and so on can be
used. In addition, the particles can be used as an exogrgic
grease obtained by mixing with silicone oils.

[o064]



Heat conductivity of the similar molded article of SEA 28 resin not containing the filler was measured
by following the same procedure as that of the aa%%ve Examples. The results were shown in Tables 3
and 4. [0083] (Comparative Example 2) Hedttonductivity 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 m). The results were shown in Tables 3 and 4.
[00841 (Comparative Example 3) ZINC OXIDE SUPERFINE (manufactured by Sakai Chemical
Industry, Ltd., mediasrsize ¢D50):0.2m} 600 Was ¥ pulped irto Warer prépafe-a SHirfy with
concentratign of 120Q g/isNext, this slurry:was spraydried:hy-using I ¥REDER LABO SPRAY DRYER
(manufactured by Sakamoto Giken, Ltd.) to obtain granulated particles ti ere putin a
pot made of i uj'rl?i[\% blr%uWilt‘tco?%igﬁfe %%I&Dﬁgﬁg %Keoﬁ?f‘ io%%(%%cﬁ_ 3] o%%é%egkggﬁng and
dispersingrintowwates 40 fitsretHis Slurty whis SereERed tRrotgh A Sievelof 200 riEdh (opehing of
screen 75pm)d ke slursy: passing through the mesh wasfiltered: and drieidito, obtaim zincroxide
particles having median size (D50) of 13,3 um, The size and shape. of the.obtained zing.oxide particle
were observe y%cannﬁyg ectron Microscope JSM-5400 (manufactured by JEOL, Ltd.). The
obtained léctiiT niErosEspE phdtograph Was-§R6tn i Fig23. TH0BST icotpalative Example 4)
ZINC OXIPEIN©:t(mamdacturetbhyl SakakChemical IndustrycLtdh,tmedian size (D50) 0.6 m) 1200 g
and ammoTiblmigljomide 12 g (1.00 weight % relative to the weight of ZINCOXIDENO.1) were mixed
for 30 seconds, afnd the obtained mixed powder Wasgcrlarged in gé)ojg made %f mullite or_
mullite/cordierite foliGwéd By bAkingtatPi50'E f6r 3 holrs™ AfteF £60ling and dispersing into water 3.5
liter, this 2®shutry vas sereenst:thydligh sosievé vf 200aneEsh (opehingof ScEéer 75 Y The slurry
passing thraugh the-meshowas filtered and gried da obtain pseudlpsphere shaped.zinc-gxide particles

having median size (D50) of 10.2 um, The size and shape of the obtained zjnc oxide particle Were

observed by Scanning E%ecfr%ﬁ(fvli%?{o“’s%%pga@wg rﬁgﬁlﬂgctﬁpeag Eg%é&ﬁ??ég)% Ztegobtained

electron micro8¢ope PROIEEEAP WasBhowhie Figr 24 SHaktconaicivity Was rhédsirsdby following

the same procedure;as that of the abaye Examples: dheiresultsiweee shown in Tables 3 and 4. [0086]

(Comparatixg#f;gznple 5) ZINC OXIDE SUPERFINE (manufactured by Sakai Chemical Industry,
size' (D

Ltd., media 50) 0.2 pm 8 600 g was re-pulped into water, dispersant (manufactured by MAO,
Ltd., POIZ532A) 3BFRwWeight 96 relitive o thehweight [d the AREG XD E“SOPERFINE Wite added to
the aqueous selution; aad aramaniun dromide: L i0weight26. were added to prepare atsturry with

concentration. of 840 g/l Next, this slurry, was, spray dried by;using TYPE DGR LABQ SPRAY DRYER
(manufactured by Sakamoto Giken, Ltd.) to obtajn %ranulatedlp?rtlcles. These n{oqrtlcles were put in a

pot made Sfmatite ormtlliteicotdierite antF Static baked af’ € 68 halre Aftér Gooting and
dispersingdntdiwaten 1i®litenahis:staryg wasisckeeried through a sieve of 200 mesh (opening of
screen 75 pm}j él'ﬂe slurry passing through the mesh was filtered and dried to obtain zinc oxide
particles having m%ician si;%Dszognoé 14}.{4}L um. T(_:pe size and sgagq of the %a’in@eggzgn% xide particle
were observed by ‘Scanning Eleétron I\ﬂcros‘éoﬁe 5§_Mf520(§ ?manﬁf%éttﬁe y JEOL, Ltd.). The
obtained efectrohlmicrosespe: phaforaplt was sHowASncHi§ UP5C Fleat Eondiittivity \Was rieasured by
following the same, proceduse as thatof the-above:Examples: heregults were shoverriniFables 3 and
4.10087] filler used in the electronic device £ields because of superior
insulation property.
[Examplesl
[oces]
Hereinafter, the present disclosure will be described in
more detail by way of examples, but the present disclosure is
not limited to these examples.
fooso]
(Examples 1)
ZINC OXIDE SUPERFINE (manufactured by Sakal Chemical

Industry, Ltd., median size (D50) 0.2 pm) 600 g was re-pulpsd



(Comparative Example 6) ZINC OXIDE SUPERRINE (manufactured by Sakai Chemical 30 Industry,
Ltd., median size (D50) 0.2 pm) 600 g was re-pulped into water, dispersant (manufactured by FAQ,

Ltd., POIZ5324) 3-5Q weight S selative tq the weight of the ZINEQXIDE SUPERFINEavere added to

the aqueaous_solution, and hydrochloric acid 0.37 weight % was ad rep ry-with
concentration of 58 g. Nét?(écfﬁ%glﬁrif‘f v%ses‘ﬁ?aﬁ? ried %%ir% %@9@%5&@@%%%%&%\( DRYER

(manufacied i Sarariotd GikEH ) & bbialP Granlided Particks! THese! particies-were put in a
pot made f mullite-or mullite/eergierite anmlstatic bakad at1000 G-for 3chours. After gdaling and
dispersing.into water. 1.0 liter, this slurr s¢reened through a sieve 6f20Q mesh;(opening of
screen 7 r%ii he %ﬁusfrf I%gsfsrl gﬁ%rgouﬁw%% meseﬁ& Waéh fiﬁereaga and dried to obtain zinc oxide particles

having media® Bize (50§ oF 13 pm? The EiZe4rd Shafie GPthe obtafhed zinc oxide Harticle were
observed by ScanningiEtectrondVlicsoscdpe: 3SM>5400 {hanufactargd by JEGL plotd. yndde obtained

electron miergscope photagraphwas shown,in.Fig:26. Heatconductivitywas meastised by following
the same procedure as that gllthg above Example,g. The results were shown T Tables 3 and 4. [0088]
(Comparativé Examiigs 7 and 8 ©°° PHy<icality of Alamitid Sarticlé 45°an exoergic matérial, having
physicality-as shewarinTable 33 wassevaluated-ypfoliowing tife same pracedure aRahat'ef the above
Examples. Fhe results were, shown in.tables,3 andi fSurther, the elegtronrmicreseopgaphotographs
were shown in Fig.27 and 28. [0089] (Comparative Example 9) . . Oxides includingZnQ 93.9 mol%,
612030.10&%%/%,968265‘%.6@%%@@? i 1,00 mold, s_obﬁ%ﬁe@z.%%‘n%l@l,eﬁio%%%%n% |%,%{913+ 0.005
mol% werkadldedte & sknfFof BifcoXide pariclebeiy ZNECOXIDE RS- 1 (mantfsttired by Sakai
Chemical ndustrys did. median size, {50):0:6-pmm)i This shuery was sprayzdried by usifgd YPE DCR
LABO SPRAY.DRYER (manuiactired by, Sakamatn Glken, L) o pbtain granuipleg.particles. The

obtained granulgt%gl E))artlc es were baked at 1200 C to obtain zinc oxide particles of Comparative
Example $YTREBIECtFsh Frierostepe photograpts Of the dbtRinda paricidd wareshown in Fig.29 and
30. As.the. zinc axide patticles: f €omparative Examyple 9 the apparent dersity=ias' .94 g/mi and
tap bulk density, was 2.74 gicms,The result-shows, it is, gbvious thathigh-density: padicle.was not

obtained. Further, it is shown that man §artjcles having many voids, having low sphericity about the
shape, anf Mot BEirfgFSpHEHEaF A" ComtAined%s évidenced by Fig.29 and 30. In addition, the aspect
ratio of zind oxide Jparticle of Comparative Example 9 was 1.40. The ratio of particles having the aspect
ratio of 1.10-or.less mas:6 %, These evaluation results were shown in Table 3. [0090] 33 Table 2

The zinc oxide particles were obtained by following the
same procadure as that of Example 1 except that the crganic acid,
organic base, inorganic acild, inorganic base, and the salts
thereof not containing a halogen to be added, the addition
amount therecf, and treatment conditions were changed as shown
in Table 1.

[0071]
{(Example 7]

ZINC OXIDE SUPERFINE (manufactured by Sakal Chemical
Industry, Ltd., median size (D50) 0.2 um) 10 kg was charged into
the c¢ylindrical container 1inside of Spartan granulator
RMCJI-15HN (manufactured by DALTON.CO, Ltd.). Whiie adding an
agqueous sclution of acetic acid 0.61 weight % relative to the
weight of ZINC OXIDE SUPERFINE and water 1.8 liter, the mixture

was mixed by setting the number cof 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 agueous
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 cobserved by Scanning Electron
Microscope (JSM-5400 manufactured by JECL, Ltd.), being found
that particles baked into the particle inside with the median
size (D50) of 223.7 um were obtained. The cbtalned electron
microscope photograph was shown in Fig. 8.

[o072]

(Examples 8 to 18)

The zinc oxide particles were obtained by following the
same procedure except that the organic acid, organic base,
incrganic acid, inorganic base, and the salts thereof not
containing a halogen to be added, the addition amount thereof,
and treatment conditicns were changed as shown in Tables 1 and
2 Blso, calculated values of the added metals amount in terms
of oxide were shown in Tables.

{0073]

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

{Median size {(DH0), DL0O, D8O

7inc oxide particles 1.0 g weilghed were dispersed into
0.025 welght % sodium hexametaphosphate agueocus sclution 100
ml. The obtained dispersion ligquid was charged into measurement
path of laser diffraction/ scattering particle size
distributicen analyzer LA-750 (manufactured by HORIBA, Ltd.)
Filled with 0.025 weight % sodium hexametaphosphate agueous
solution and measured under the conditions that circulation
speed: 15, ultrasonic wave strength:7, and ultrasonic wave
time:3 minutes. Median size (D50), 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 tempsraturs.

[o074]
(Aspect ratio)
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In the 100 particles in the electron microscope
photograph taken by Scanning Electron Micrescope 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 ratiowas decided by averaging the as ratios.
Further, aspect ratiocs of 250 particles were measured and number
ratic (%) of particles having aspect ratio of 1.10 or less was
calculated.

[0075]
(Density)

Weight a {(g) of 100 ml Gay-Lussac type chnomete: that
had washed and dried was weighed to the digit of 0.1 mg,
distillated water was charged to the gauge line, and the weight
b {g) of the pycnemeter was welghed to the digit of 0.1 mg. Next,
after the Gay-Lussac type pycnometer was dried, sample 5 g was
charged and weight ¢ (g) of the sample was calculated by weighing
the pycnometer. Distillatedwater was chargeduntil the sample
was covered and air centained in the distillated water was
removed in vacuum deslccators. Distilillated water was charged
to the gauge line and the weight d (g) of the pycnometer was
weighed to the digit of 0.1 mg to calculate the density according
to the fellowing formula.

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

[0076]
(Apparent density)

hpparent density was measured by JIS K 5101-12-1 test
methods for pigment-apparent density or apparent specific
volume (static method).
foc77]

{Tap bulk density)

Tap bulk density was measured with JIS R 1638-2.

[oo78]
(Filling rate cf filler)
(i) EFER resin (REXPEARL All50 manufactured by Japan

Peclyethylene Corporation, Ltd.) and zinc oxide particles of
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Examples 1, 7, 10 and 12, (i1} 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 DENKC K. K.} of Comparative
Examples 7 and 8 were mixed as shown in Table 4. In other
Examples and Comparative Examples, components were mized by
following the same procedure as mentioned above. The £iilling
rate of filler (volume %) was calculated supposing that specific
gravity of the EEA resin was 0.945, specific gravity of the zinc
oxide particle was 5.55, and specific gravity of alumina
particle 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 {(velume %) was calculated according to the
following formulsa.
Filling rate of filler (volume %)= (a/RA)/{a/A+b/B)x 100
foo7e]
(Making of sheet of resin composition)

(1) EEA resin and zinc oxide particles of Examples 1, Z,
3, 4, 6, 7Tand 10 to 18, (ii) EEA resin not containing the filler
of Comparative Example 1, (iii) EEA resin and zinc oxids
particles of Comparative Examples 2, 4, 5, and 6, and(iv) EEA
esin and alumina of Comparative Examples 7 and 8 were heated
and mixed in LABO PLASTMILL (manufactured by TOYO SEIKIL
SEISAKU-SYQO, Ltd.) at the number of rotations of 40 rpm and 150
°C for 10 minutes at rate of £illing 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 stainiess-steel
castingmeld with 2 mm thickness (150 mm 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 PRES3-10
(manufactured by TOYO SEIKI SEISRKU-SYC, Ltd.) followed by
pressuring at 150 °C and C.5MFa for Sminutes 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 Yuatsuki
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Seisakusyo, Ltd.) and then it was cooled at 25 MPa with running
coolant water for 5 minutes to obtain & sheet of resin
composition after pressuring to 25 MPa with passing steam and
heating. '
[ooso]

(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, volume 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 valueo {{ * cm)
was calculated according to the following formula.

g=mnd’ /4t XRu
©: thickness of test plece (sheet} (com)
d: diameter of innermost electrode
Ru: voiume resistance (£)
foosi]
(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 following setting on the specimen support of AUTOL

-110 (manufactured by EKC Instruments Co.,Ltd, the method
with heat flow meter). AUTOA HC-110 was pre-compensated by
using Pyrex standard plate with 6.45 mm thickness before
measurament. Heat conductivit (W/m-K} when reached a
condition of thermal eguilibrium at 25 °C was measured by
measuring while a high temperature heater was set at 35 °C and
low temperature heater was set at 15 °C. The results were shown
in Tables 1 to 4.

[cosz]
(Comparative Example 1)

Heat conductivity of the similar molded articie of EEA
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regin 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.

[oosa]
(Comparative Example 3]

ZINC COXIDE SUPERFINE {(manufactured by Sakal Chemical
Industry, Ltd., median size (D50) 0.2 um) 600 g was re-pulped
into water to prepare a slurry with concentration of 1200 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/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 7% um). The slurry passing through the mesh was
filtered and dried to obtain zinc oxide particles having median
size (D50) of 13.3 pm. 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.Z3.

{c085]
(Comparative Example 4]

ZINC O¥IDE NO.1 (manufactured by Sakai Chemical Industry,
Ltd., median size (D50) 0.6 pm) 1200 g and ammonium bromide 12
g (1.00 weight % relative to the weight of ZINC OXIDE NO.1) were
mixed for 30 seconds, and the cbhtained mixed powder was charged
in a pot made of mullite or mulliite/cordierite followed by
paking 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 75 um) . The slurry passing through the mesh was filtered
and dried to obtain pseudeosphere-shaped zinc oxide particles
having median size (D50) of 10.2 um. The size and shape of the
obtained zinc oxide particle were cbserved by Scanning Electron
Microscope JSM-5400 (manufactured by JEOL, Ltd.). The
obtained electron microscope photograph was shown in Fig. 24.
Heat conductivity was measured by following the same procedure
as that of the above Examples. The results were shown in Tables
3 and 4.
[0086]
(Comparative Example 5)

7INC OXIDE SUPERFINE {manufactured by Sakai Chemical
Industry, Ltd., median size (D50} 0.2 um) 600 g was re-pulped
into water, dispersant (manufactured by KAC, Ltd., POIZ33ZA)
3.50 weight % relative to the weight of the ZINC OXIDE SUPERFINE
were added to the agueous solution, and ammonium bromide 1.00
welght % were added to prepare a slurry with concentration of
840 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 and dispersing into water 1.0
liter, this slurry was screensd 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 um. The size and shape of the obtained
zinc oxide particle were observed by Scanning kElectron
Microscope JSM-5400 (manufactured by JECL, Ltd.). The
obtained electron microscope photograph was shown in
Heat conductivity was measured by following the same procedure
as that of the above Examples. The results were shown in Tables
3 and 4.
[0087]
{Comparative Example ©)

ZINCG OXIDE SUPERFINE /manufactured by Saka: Chemical
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Industry, Ltd., median size (D50) C.Z um} 600 g was re-pulped
into water, dispersant (manufactured by KAO, Ltd., POTIZL3ZA)
3.50 weight % relative to the welght of the ZINC CXIDE SUPERFINE
were added to the agueocus scluticn, and hydrochloric acid 9.37
weight % was added to prepare a siurry with concentration of
580 g/1. Next, this slurry was spray dried by using TYPE DCR
LARC SPRAY DRYER (manufactured by Sakamoto Giken, Ltd.) to
obtain granulated particles. These particles were put in a pot
made of mullite or muilite/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 ¢f screen 75 um). The slurry passing through the mesh
was filtered and dried to obtain zinc oxide particles having
medlan size {(D50) of 13.2 um. The size and shape of The obtained
zine oxide particle were observed by Scanning Electron
Microscope J8M-~5400 (manufactured by JEOL, Ltd.). The
obtained electron microscope photograph was shown in Fig.Z26.
Heat conductivity was measured by fellowing the same procedure
as that of the above Examples. The results were shown in Tables
3 ana 4.
[oogs]
{(Comparative Examples 7 and 8)

Physicality of alumina particle as an exocergic 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 elesctron

"microscope photographs were shown in Fig.Z27 and 28.

[0089]
(Comparative Example 9]

Oxides including Zn0 93.9 mol%, Bi,;030.10 mol%, Cox0: 1.00
mol%, MnC 1.00 mol%, She0s 2.00 mol%, NiC 2.00 mol%, AL .00
mol% were added to a slurry cof zinc oxide particle being ZINC
CXIDE NO.1l(manufactured by Sakal Chemlical Industry, Ltd.,
median size (D50) 0.6 um) . This slurxry was spray dried by using
TYPE DCR LABO SPRAY DRYER (manufacturedby Sakamote Giken, Ltd.)

.

tc obtain granulated particles. The obtained granulated
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particles were baked at 1200 °C to obtain zinc oxide particles
f Comparative Example 9. The electron microscope photographs
f the cbtained particles were shown in Fig.29 and 30.

As the zinc oxide particlies of Comparative Example 8, 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 particile
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.Z9 and
30. In addition, the aspect ratio of zinc oxide particle of
Comparative Example ¢ was 1.40. The ratio of particles having
the aspect ratioof 1.10 or lesswas 6 %. These evaluation results
were shown in Table 3.

[o090]
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"._oc: Cl 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 jn high volume % (68.8 volume 5). This was derived
from the fact that the zinc oxide particle of Exa %}ie 1 was large particles being spherical and
high-density and hating median size (D50) of 28.5 m. Therefore, such zinc oxide particle of
Comparative Example 4 having a median size (050) of 10.2 m 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 fipt spherical so the filling efficiency would become worse and it could not be filled up
to 68.8 volume %z [0Q9R]Fronnthes results shawn in-dable4: itwas cleared that:the experbic filler of

the present disclosure had superior propgr than the exoer |Ier se .t was cleared that,
even if th& filter Wi ;ﬂ fidd up- ens%h/% or Fbo%/ery, the exogr%%%rjjo%eré c%al eé prgwgeg [0096] From

the result&showh$n Tables 27nd 2l whensali ofdithim 8ddium, potassiiScofper! ifagnesium,
calcium, nicke}, and eabaltiarewsed:asiorganic asigds, :arganie baseszinpiganic/acids; ingrganic bases,

and salts ther%of itis obwous fjglellngqlagga @Jggﬁr%&ﬁg pejmpraved considerably. with the
particle diameter and other s |t e property for the éxoergic property malntalned
gize (D50) of 28.5 um. Thérefore, such zinc dxide part1c76 of

Comparative Example 4 having a median size (D30) 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
68.8 volume %,

[o09s]

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

[0096]

From the results shown in Tables 2 and 4, when salts of
lithium, sodium, potassium, copper, magnesium, caicium, nickel,
and cobalt are used as organic acids, organic bases, inorganic
acids, incrganic bases, and salts thereof, it is obvious that
the 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. Inaddition, theparticle
can be used for applications such as rubber accelerators,
pigments for coating compositions and inks, such electronic
components as ferrite and varistor, medicinal products and

cosmaetics.



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
accelerators, pigments for coating compositions and inks, such electronic components as ferrite and
varistor, medicinal products and cosmetics. 37 [0098] Further, the one obtained by using salts of
lithium, sodium, potassium, copper, magnesium, calcium, nickel, and cobalt as organic acids, organic
bases, inorganic acids, inorganic bases, and salts thereof not containing a halogen has superior
property alfaut4hé insulation property, so it can be used for electronic devices. Specially, the zinc
oxide particle can-be used suitably as,the exoergig filler, for,electronic deyices. 38, Aginc oxide
particle being high-density, which has density of 4.0 g/cm3 or more and mediaq(si;e (050) of 17 to
10000 pmS 29 FHB Zide oxide bafticle aédording 6 €faim 1 “Having at ledst 85,0 Weight % purity of zinc
oxide andwcantdining,;aswothemmetals; atieastcoresmeatallic efernent selacied  fromaké gFoup consisting
of Mg, Ca; Ni; C0,-Li-N&, K-and-Cu of lesssthan 15.0:weight-%ras exide Jelative & the weight of said
zinc oxide particle. 3. The zinc oxide TaltiELg aqcord1i511g;_'[g claim 1 or 2, having the aspect ratio of 1.00
to 1.10. 4.THE FihtoXid& particte Actording fo claim T, 2°6f 3-Whérein 90% or more of said particle
has the aspeet ratio 6f.E200ress 367 AGRBth6d fotiprdducinga Ame exide Paricie -éSmprising a step
(1) of mixing-a surce efithe zine pxide particle with &t lepst ore compound selested-amcthe group
consisting(%‘ oirg%rslic acids, organic bases, inorganic acids, inorganic bases, and salts thereof not
containing aEal”ogeh 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, organic base, inorganic acid,
inorganic base, or salt thereof is carboxylic acid, nitric acid or salts thereof.



39 7. The method for producing a zinc oxide par
acid, organic, base, inorganic acid, inorganic b
group consisting of Mg, Ca, Ni, Co, Li, Na, K an

t The according to Claim S or 6, wherein the organic

a(?e%or salt thereof is a metallic salt selected from the

u. 8. An exoergic filler comprising the zinc oxide

particle according to Claim 1, 2, 3 or 4. 9. An exoergic resin composition comprising 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. An exoergic coating composition comprising the zinc oxide particle

according to a Claim 1, 2, 3 or 4.

CLATME

1. A zinc oxide particle being high-density, which has density
of 4.0 g/cm’ or more and median size (D50} of 17 to 10000
um

2. The zinc oxide particle according to claim 1, having at lzast
£5.0 weight % purity of zinc oxide and containing, as other
metals, at least onemetallic element selected from the group
consisting of Mg, Ca, Ni, Co, L1, 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 ratio of 1.00 to 1.10. \

4. The zinc oxide particle according to claim 1, 2 or 3, wherein
90% or more of said particlie 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 selectad from the group consisting of
organic acids, organic bases, inorganic acids, inorganic
bases, and salts thereof not containing a halogen to
granulate, and a Step (2) cf baking the granulated particle
opbtained in said step (1) to obtain the zinc oxide particle
according to Claim 1, 2, 3 or 4.

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

wherein the organic acid, organic base, inorganic acid,
inorganic base, or salt thereof is carboxylic acid, nitric

acid or salts thereof.
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- The method for producing a zinc oxide particle according tc
Claim 5 or &,
wherein the organic acid, organic bas or
inorganic base or salt thereof is a metallic salt selected
from the grbup consisting of Mg, Ca, Ni, Co, Li, Na, ¥ and

Cu.

. An excergic

£
according to C

9. An excergic resin composition comprising the zinc oxide

particle according te a Claim 1, Z, 3 or 4.

10. An excergic grease comprising the zinc oxide particle

according to Claim 1, 2, 3 or 4.

ii. An exoergic coating compesition comprising the zinc oxide

particle according to a Claim 1, 2, 3 or 4.



