1 SPECIFICATION MAGNESIUM OXIDE PARTICLE, METHOD FOR PRODUCING IT, EXOERGIC
FILLER, RESIN COMPOSITION, EXOERGIC GREASE AND EXOERGIC 5 COATING
COMPOSITION TECHNICAL FIELD [00011 The present disclosure relates to a magnesium oxide 10
particle, a method for producing it, an exoergic filler, a resin composition, an exoergic grease and an
exoergic coating composition. BACKGROUND OF THE DISCLOSURE 15[0002] Magnesium
oxide is a compound which is superior in heat resistance, thermal conductivity, and electrical
insulation, it being widely used in various industrit fiefds suehtas rubber accelerators, pigments for
coating compositions and 20 inks, and medicinal products. As one of various applications of this

magnesium oxidecan exoerais filer basbeenropesed (see dapanese Kekai Publication;2909-7215,).

[0003] Alumin, d aluminym ni rr'gi are_usually used widely as the exoergic filler. However,
alumina has a rgrﬂ{olgﬁe%[r%tha n*e%d%r%h §§Hi§%glﬁ’ec e axrem ﬁﬁﬁ’iﬁxﬁ%%‘r}&%%ﬁprocess of
exoergic sheet$-afid 58%rt; Béagse Mohs hardness of alumina is high. Further, it is difficult to add
aluminum nitride to a resin in high concentration, because of poor 30 filling property. In addition,
aluminum nitride;is Eéﬁsiv%ﬁ%xoergic parts made thereof are expensive. Therefore, new exoergic
fillers which are made of 6ther materials than such conventional materials are needed. [0004]
35.There is an ab%ﬁﬂaige that a magnesium oxide particle has good handling property, because it is a
compound having low Mohs hatdiess afidsheing low-deasifyt dtisechighmagnes:un oxide

10 particle, a method for producing it, an exoergic filler, a

resin composition, an exoerglc grease and an exoergic coating

compesition.

BACKGEROUND OF THE DISCLOSURE
[o002]

Magnesium oxide is a compound which is superior in heat

ot
wh

resistance, thermal conductivity, and electrical insulation,
it being widely used in various industrial fields such as
rubber accelerators, pigments for coating compositions and
20 inks, and medicinal products. As one of varicus applications
of this magnesium oxide, an exoergic filler has been proposed
{see Japanese Kokail Publication 200%-7215,).
[0003]
Alumina and aluminum nitride are usually used widely

-

as the excergic Iiller. However, alumina has a problem that

| 2]
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kneading machines become extremely worn in the production
process oI exoergic sheets and so on, because Mohs hardness
of alumina is high. Further, it is difficult to add aluminum
nitride to & resin in high concentration, because of poor
30 fillingproperty. Inaddition, aluminumnitride is expensive,
S0 exoergic parts made thereof are expensive. Therefore, new
exoergic fillers which are made of other materials than such
conventional materials are needed.
{coo4]
35 There 1s an advantage that a magnesium oxide particle
has good handling property, because it is a compound having

low Mohs hardness and being low-density. It is & high



electrical resistance material, being suitable in the electric and electronic fields. However, when the
magnesium oxide particle is used as an exoergic filler, it is needed to fill it in high concentration.
Magnesium oxide, of which the aggregation condition and particle size distribution are controlled, is
desired. In Japanese Kokai Publication 2009-7215, there is mentioned about controlling primary
particle diameter, but the level of particle aggregation and particles, of which particle size distribution is
controlled, 10 are not descrjbed. [Q005] It is desired that a gew effect, Whicﬁres,ults from physical

Q0
properties diffefetit from common ones. can B& aghiebed by sy he magnésidm dxide showing
specific 15 particlé sizeldistislitioreintthe mbovelmbptionel vaaugs applicatichs of dw fagaesium

oxide other thap;the €xgergic filer. [RRIOR PAEENT ROQSUMENTHPATEENT DOCYMENT]20[0006]
[PATENT DOCUMEV\SIL'Iél%gggan se Kokai Publication 2009-7215 DISCLOSURE OF.INYENTION
L

OBJECT OF Tﬁ% Dr R ég[%o%%ce e c%l%gét o%ﬁ%np{?gslélrrﬂ c?lz)s%g%dre iS to provide a

magnesium oxicleSpadickethat 4% beRtst- e uftabiy thaf corfirhdn Mayhesiunt o%idedintthe

application such@astan exeergicifilleand:the likeI 30 RRQBEEM FOBE SOINVEDRBY JHE

INVENTKDN[OQ%@9“7215, there is mentioned about controlling primary
particle diameter, but the level of particle aggregation and
particles, of whichparticle size distribution is controlled,

10 are not described.
{o005]

It is desired that a new effect, which results from
physical properties different from common ones, can be
achieved by using the magnesium oxide showing specific

15 particle size distribution in the above-mentioned various
applications ¢f the magnesium oxide other than the excergic
filler.

[PRIOR PATENT DCCUMENT]
[PATENT DOCUMENT]

20 [oooé]

[PATENT DOCUMENT 1] Japanese Kokai Publication 2009-7215

DISCLOSURE OF INVENTION
OBJECT OF THE DISCLOSURE

25 fooo7]

The cobject of the present disclosure is to provide a
magnesium oxide particle that can be used more suitably than
common magnesium oxide in the application such as an excergic
filler and the like.

30
PROBLEM TO BE SOLVED BY THE INVENTION
[oo08]

The present disclosure relates o a magnesium oxide

particle having (median size)/{specific surface diameter
35 obtained from specific surface area) ratlio of 2 or less and

n90/D10 of 4 or less.

The magnesium oxide particle is preferably cbhtained by



The present disclosure relates to a magnesium oxide  particle having (median size)/(specific surface
diameter 35 obtained from specific surface area) ratio of 3 or less and D90/D10 of 4 or less. The
magnesium oxide particle is preferably obtained by 3 baking magnesium hydroxide in the presence of
boric aci- or a salt thereof at 1000 to 1800 00. Thg magnesium oxide particle according is
preferably obtained by mixing magnesium hydroxide and 0.1 to 10 mol parts D of boric acid or a salt
thereof in boron equivalent relative to 100 mol parts of the magnesium hydroxide and baking the

mixture. THEBORE alitf BF 3 <&t tREFE0T i Prefsrabiy Gt RASPSRE Sompdiind selécted frém the
group consisting df ditHiur3C estfaborate0sehtahydrafe) s68ium tetraborate decahydrate, potassium

tetraborate tetrahydrategandrigmonium tetraberate tetrahydrate.  r g The magnesium oxide particle
is preferably obct)%ipgclj r?X as%rfar%@ }t{rgatmrglt.nlei[ggoglp'}rgg (g)}[:esé?entaqliacbpsurgﬁrell%tes to a method for
producing a magnesium oxide p“’é\rt“i“crféJ corﬁprlsﬁgrﬁa g magnesiim hydroxide in the Era(ersgﬁce of
boric acid dr a $4t theresf AE1000 fo 189D 00 ' DB the! nisgiasiGidioXide. paiticle 26 Meértioned
above. Thecmethad fes preducing aimagresidamexide particle-preferablyncomprises;mixiag
magnesium hydroxide and 0.1 to 10 mol parts of boric aciiior a salt thereof in boron equivalent relative

to 100 mol parts of said magnesium hydroxide and 25 baking the mixture.
The beric z¢ic or a salt thereof is preferably at least

one compound selected from the group consisting of lithium

10 tetraborate pentahydrate, sodium tetraborate decahydrate,
petassium tetraborate tetrahydrate, and ammonium tetraborate
tetrahvdrate.

The magnesium oxide particlie is preferably obtained by
surface treatment.

15 [oo09]

The present disclosure relates to a method for producing
a magnesium oxilde particle comprising baking magnesium
hydroxide in the presence cof boric azid or a salt thereof at
1000 to 1800 °“C to obtain the magnesium oxide particle

20 mentioned above.

The method for producing a magnesium oxide particle
preferably comprises mixing magnesium hydroxide and 0.1 to
10mol parts of poric acid or a salt thereof inboron equivalent
relative to 100 mol parts of said magnesium hydroxide and

25  Dbaking the mixture.

The beric acid or a salt thereof is preferably at least
one compound selected from the group consisting of lithium
tetraborate pentahydrate, sodium tetraborate decahydrate,
potassium tetraborate tetrahydrate, and ammonium tetraborate

36 tetrahyvdrate,
[oo10]

The present disclosure relates to an exoergic filler

comprising the magnesium oxide particle.

The present disclosure relates to a resin composition

el
n

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

comprising the magnesium oxide particle.



The boric acid or a salt thereof is preferably at least one compound selected from the group consisting
of lithium tetraborate pentahydrate, sodium tetraborate decahydrate, potassium tetraborate

tetrahydrate, and ammoniumtetraborate 30 tetrahydrate. [0010] The present disclosure relates to
an exoergic filler comprising the magnesium oxide payticle. The present disclosure relates to a
resin composition 35comprising the magnesium oxide particle. The present disclosure relates to

an exoergic grease comprising the magnesium_oxide particle. 4 Th press t disclasure relates to
an exoergic coating co?;%%s%%%sgonrﬁp%éﬁaﬂtﬁé? Lﬁ’lrggr%siu?r% %%(i(}eopglrr}tic e. EEI?%CT OF TH
INVENTION [00SXFPIFe FistjheSRIFR Bikieiesartiéle ofine proseht aiseurs&an Behighly-filled up in a
material forming a matrix, it showing sharp particle size distribution and being controlled about the

level of particleiaﬁgégga@n.%Tﬁgﬁ%,li&)ﬁan be useo! as a s_uperior exoergic material. _
Furthermore, the magnesium oxide particle can be used in the fields of rubber accelerators, pigments

for coating%omd(@s@ﬂélrls and inks, and medicinal products. 15 DETAILED DESCRIPTION OF
PREFERRED EMBODIMENES: {0412} he:présera discidsare fs described émmotedetait ure
can be highly-filled up in a material forming a matrix, 1t
showing sharp particle size distribution and being controlled
about the level of particle aggregation.
10 Therefore, it can be used as a superior exoergilic material.
Furthermere, the magnesium oxide particle can be used in the
fields of rubber accelerators, pilgments for coating

compositions and inks, and medicinal products.

15 DETATILED DESCRIPTION OF PREFERRED EMBODIMENTS
[o012]
The present disclosure is described in more detail
below,
The magnesium oxide particle of the present disclosure has
20 (median size)/ (specific surface diameter obtained from
specific surface area(hereinafter referred to asg 35A
diameter)) ratic of 3 or less and DS80O/DLC of 4 or less.
[0023]

When the magnesium oxide particle is used as an exoergic
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material, it is desired to increase the filling rate o
particles in a composition for good exoergic property. lLor
good filling rate, i1t is important to control the aggregation
condition and particle size distribution. Thes magnesium
oxide particle, of which the aggregation condition and shape
36 are controlled at hicgh levels, is desired. The inventor has

completed the present disclosure by finding the particle

satisfying the above mentioned parameters to be suitable for
the okject.
[0014]

35 Furthermore, it is preferred to use several magnesium
oxide particles having different particle diameter on Ths
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below. The magnesium oxide particle of the present disclosure has 20(median size)/(specific surface
diameter obtained from specific surface area (hereinafter referred to as SSA diameter)) ratio of 3 or
less and D90/D10 of 4 or less [0013] When the magnesium oxide particle is used as an exoergic 15
material, it is desired to increase the filling rate of the particles in a composition for good exoergic
property. For good filling rate, it is important to control the aggregation condition and particle size
distribution. The magnesium oxide particle, of which the aggregation condition and shape 30 are
controlled at high’levéls; is-desired” The-ifiventor has conpletéd e Preseft disclbshifeiby fikdling the
particle satisfyirigithecgbevd hrergioned parametersde e suitabiesfor the object<[0044k 35Fwrthermore,
it is preferred to Yse seyeral magnesium oxide particles having different particle diameter on t basisat

partic...a an am.e.tansha}rlwg toan. are con('gr}gjln I ed,as mentioned above, because higher filling rate can
. L S . T r + d 1
be achieved and good exoergic property Can be dbtained-[0015) - Pressnt disclosure
> 18 @ magnesium oxide particle of which the level of particle

aggregation and particle size distribution are controlled.
The{mediansize)/(SSAdiameter}ratiojjsavaiuexepresenting
the level of particle aggregation. The median size is
particle diameter which reflects the secondary particle

10 diameter, the SSA diametery being particle diamster which
reflects primary particle diameter. Therefore, the ratio is
a parameter showing the number of primary particles composing
the secondary particle. The magnesium oxide particle of the

present disclosure has secondary particles formed by

s
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aggregating relatively few primary particles. Such
particles have the advantage that they are superior in
dispersibility in a resin or oil, especially they are suitable
for the excergic material.
The magnesium oxide particle of the prssent disclosure has
20 {median size)/ ({584 diameter) ratio of 3 or less, the ratio
is preferably 2.8 or less, more preferably 2.7 or less.
[co16]

The magnesium oxide particle of the present disclosure

i

has D8O/DI0 of 4 or less, the particle size distribution

theresof peing sharp. As mentioned above, the particle having

o)
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sharp particle size distribution is preferred becauss a

filling rate is controlled esasily and a2 composition showing
high exoergic property can be obtained easily. The DS0O/D10O
is more preferably 3.9 or less.

30 [oor7]

In the magnesium oxide particle of the present
disclosure, a secondary particle is formed by aggregaiing
comparatively fewer primary particles and the ratio of D80
to D10 1s smaller than conventional magnesium oxide particles

35 (that is, particle size distribution is sharp). This
magnesium oxide particle is not publically known and is

cbtained by the inventors for the first time.



The magnesium oxide particle of the present disclosure 5 is a magnesium oxide particle of which the
level of particle aggregation and particle size distribution are controlled. The (median size) / (SSA
diameter) ratioisavaluerepresenting the level of particle aggregation. The median size is particle
diameter which reflects the secondary particle 10 diargeter, the SSA diameter being particle diameter
which reflects primary particle diameter. Therefore, the ratio is a parameter showing the number of
primary particlelgg nppsing the secondary particle. The magnesium oxide particle of the present
disclosure has secondary particles formed by 15 aggregating relatively few primary particles. Such
particles have the advarit&g&@#istdRey A& stferfdrin disgersibfty inta Psifof oil, ‘é&ﬁ@ciaﬁ&?they are
suitable for thexeetgic matetial dbe magnesiumcaxidel partietezof the present disclongd ims
20(median size)($SA diamefenratio of 3 orless, dhegati is preferably. 2:8.or dess, make;preferably
2.7 or less, [0016] _ The magnesium oxide particle of the present disclosure has D90/D10 of 4 or
less, the pérticl%%i’féd?é?ﬁﬁ@tfo%‘%%&@&%eﬁ%& SHarp SRE Héntioned abbve "the piricie Having
sharp particle sizendistributionvis pasferréd becabse anfillingraterisicohtrollédeasiyrand acomposition
sht[)wing]highhe%@%r@ﬂ{éemp@%tyg%@ %?btﬂ%@%lymﬁmégg@@%@ﬁm@%p@eif@reablly 3-9; or Ie(Sjst-)
30[0017] In the magnesium oxide particle of the present disclosure, a secondary particle is formed by
aggregating co%jp%%éft%\%ﬁly“fe%ér p%ﬁ{néfy pgérfible%ma‘hdgt%% ratio 0?78;0] %010 ngsrgﬁéﬁe%rsth%
conventional nAgAEsItATExideepRRTCIEs 3B(tRALS, Pafticle Bize distriblfieR 3 Shaip).YThis Thagnesium
oxide partjgle is;aet-publically kaown andis ebtained by thesinventorsforibe fiest time: -

diffraction particle size distribution analyzer (Microtrac
MT 3300 EX manufactured by NIKKISO CO.,LTD) according to the
present disclosure.

[0019]

The SSA diameter is a value determined from BET specific

"
L

surface area measured by usual methods, based on the
presuppositicn that the particle has spherical shape.
[0020]
As for the magnesium oxide particle, particle diameter
20 thereof isnot particularly limited. However, themediansize
thereof is preferably €¢.1 to 25 um, the lower limit i1s more
preferably 1 um. That 1is, the particle having the broad
particle diameter as mentioned above can be used as an exoergic

material, and it may be an arbitrarily-sized one that is needed

fas
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for high £illing rate.
[oo21]

As for the magnesium oxide particle, particle diameter
therecf is not particularly limited. Hdwever, the SSA
diameter thereof is preferably 0.1 to 15 pm, the lower limit
30 is more preferably 1 um. That is, the particle having the
broad particle diameter as menticned above can be used as an
exoergicmaterial, and it may be an arpitrarlly-siezac one that
is needed for high f£illing rate.

[0022]

The particle shape of the magnesium oxide particle of

L8]
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the present disclosure is not particularly limited, but

includes needle shape, bar-like shape, plate-like shape,



6 [0018] The median size is also referred to as D50. When the powder is divided by particle
diameter based on the median size into two groups, a bigger group and a smaller group having equal
amounts. D10 and 090 correspond to the point where the cumulative weight from the
small-particle-diameter side reaches 10% and 90% injthe cumulative particle size distribution. 010,
050, and 090 are values determined by measuring the particle size distribution, respectively. The 10
particle size distripution is,measuired,by using lager diffraction payticle size distribution analyzer
(Microtrac MT 3300 EX manufactured by NIKKISO QO.,L@_ agcordingnto thelp,_re%%né dsg%%osure.
[0019] 15The SSAHiaheteriS A alGd Gefdtfived from BET $pedific stifaké drea measired by usual
methods, basedzon the preseppesition thatthe: pariclsl kas sphertat shasefe020]1Ks fotthé
magnesium oxide pasticle, paticle digmeter 20, thereof is not particularly limited. However, the median
size thereof is preferably 0.1 to 25 um, the lower limit is more preferably 1 um. That is, the particle
having the’broa %%\?t' e diameter as mentioned above can be used as an exoergic material, and it
may be an arbibone thatisfrisedéd: forkigh Filling rate 02T AS Forthe magnesitint oxide Farticle,
particle diameter.thereof is got,particulatly<limited y\Howevers the SSAvdiameterthereofds preferably
0.1 to 15 um, the lower Il 3015 more, preferably f. . thatls, Iepartcle having the Braad partile
diameter as men‘tlonea%lg)ove can be'used as an exoergic matérial, and it may be an ardol d one that
is needed for highsiliay #4te {ob22] SETHE Furici8 Shape of e magresiany oxide Barticte ofthe
present disclosuee;ismotparticutaly lmited, bt indlades reedle skape] basdikeshapes plateslike
shape, used as an exocergic material, and 1t may be an
arpitrariiv-sized one that is needed for high f£illing rate.
[0024]

The primary particle diameter can be measured by the

st
L

following method described in Example for detall.
[co23]

The magnesium oxide particle of the present disclosure
is preferably surface treated. Magnesium oxide particles
tend to convert to magnesium hydroxide by contacting with
20 water, or being exposed to humid environment. Therefore, it
is preferred to be surface treated for good water resistance
property.

[oo26]

By the surface treatment, i1t is preferred that

3]
n

hydrophobiccharactezjfsimproveclandelectricalconductivi:y
is maintained to the low level., Thus, because magnesium oxilde
particle cannot maintain low electrical conductivity when a
film formed by the surface treatment nas high conductive

property, it is preferably treated by the specific suriace
30 treatment method for use in the applications

elactrical/electronic industry material.

Bccording to the above mentioned state, the surface
treatment is preferably performed by using an alkoxysilane
35 expressed by the following general formulia {1).
{ooz2sg]
R*-nSi (OR%) g

=



7 spherical shape and the like. Preferably, the particle shape is nearly spherical shape. In addition, the
particle shape can be observed by Scanning Electron Microscope (JSM 840 F manufactured by JEOL
Ltd.). [0023] As for the magnesium oxide particle, particle diameter thereof is not particularly limited.
However, the average primary particle diameter theregf is preferably 0.1 to 15 pm,
thelowerlimitismorepreferably 1 pm. That is, the particle 10 having the broad particle diameter as
mentioned abovlcTa 9% e used as an exoergic material, and it may be an rJ.v-s.izec., one that is
needed for high ﬁﬁ’ (} te. 10024] The primary particle diameter can be measured by the 15 following
method described in EX&mpleefordetiit. 30085] Thetmagh&iting bR W p&tT8 ot the Bréserittis to sure
is preferably swfatetreated i Magnesium oxide partictesatend 1a cohvertdo magnesiumshydroxide by
contacting with.20 water, or.being.expesed to humid-environment,; Thegefare, #ispreferred to be

surface treated for good water resistance property. 10026] . . L .
5 group nhas . to 10 carbon dtoms. "R® is an aikyi group having

1 to 3 carbon atoms. W is 2, 3, or 4.

Alkoxysilane expressed by the general formula (1) 1s
not particularly limited but includes, for example,
methyltrimethoxysilane, dimethyldimethoxysilane,

10 phenyltrimethoxysilane, diphenyldimethoxysilane,
tetraethoxysilane, methyltriethoxysilane,
dimethyldiethoxysilane, phenyltriethoxysilane,
n-propyltrimethoxysilane, n-propyltriethoxysilane,
hexyltrimethoxysilane, hexyltriethoxysilane,

15 decytrimethoxysilane, trifluorcopropyltrimetnoxysilane.

{oo30]

By the surface treatment, it 1s preferapble to form &
film laver of 0.1 to 20 weight % relative tc the magnesium
oxide particle on the surface. By applying such treatment,

20  water resistance property and acid resistance property can
pe improved while maintaining low electrical conductivity.

[0031]

The magnesium oxide particle of the present disclosure
can be produced by baking magnesium hydroxide in the presence

25  of boric a-id or a salt therecf. This method for producing

the magnesium oxide particle is one aspect of the present

invantion.
This production of magnesium oxide by baking in the
presence of noric anid or a salt thereof is preferred because

36 the magnesium oxide particle having the specified (median
size)/(SSE diameter) ratioc and D90/D10 and having the desired
particle diameter as mentioned above, is easily obtained by
adjusting the addition amount of boric acic or a salt thereof
and the baking temperature.

35 [c032]

More specifically, the magnesium oxide particlie is

obtained by the method for producing a magnesium oxide



By the surface treatment,is preferred that hydrophobic character is improvedandelectricalconductivity
ismaintainedtothelowlevel. Thus, becausemagnesiunioxide particle cannot maintain low electrical
conductivity when a  film formed by the surface treatment property, it is preferably treated 30
treatment method for use in the app electrical/electrogic industry material. [0027] According to the
above mentioned state, the surface  treatment is preferably performed by using an alkoxysilane 35

expressed by the olowing geoeralfomula (1), 0026 RI4 . S(ORZYIL. § 0929 nyhe formuia, R

is an alkyl grou%?rﬁeny group, or a fluoroalkyl group, of which a part of the livdrogen atoms fluorine.
The alkyl groug*r-fitforoalkyl group has | to 10 carbon atoms. R2 is an alkyl group having 1 to 3
carbon atoms. N is 2, 3rio¢ deethod for producing a magnesium oxide particle of

the present disclosure is described in more detail pelow.
5 looszs]

In the method for producing a magnesium oxide particie
of the present disclosure, magnesium hydroxide is used as &
raw material. The magnesium hydroxide preferably has an
average particle diameter of (.05 to Z um. Thne average

10 particle diameter of the magnesium hydroxide i1s measured by
laser diffraction particle size distribution analyzer
(Microtrac MT 3300 EX manufactured by NIKKISO CO.,LTD).
[0034]

The magnesium hydroxide used in the present disclosure

ot
T

is not particularly limited as for its origin but includes
natural products obtained by pulverizing natural minerals,
synthetlc compounds obtained by neutralizing a water-soluble
magnesium salt in water using alkaline substances and s¢ on.
Preferably, the latter, synthetic compounds are used. In the
20  production of the synthesis compounds, the water-sclublie
magnesium salt includes, for example, magnesium chloride,
magnesium sulfate, magnesium nitrate, and magnesium acetate.
The zlkaline substance ilncludes, for example, sodium

hydroxide, potassium hvdroxide, and ammcnia. According to

[
h

the present disclosure, this alkaline substance 1s usually

-

acive To i

',J

used in the rangs of 0.8 to 1.2 eguivalents re

eguivalent of magnesium salt.

[0033])

In the present disclosure, for producing magnesium

30 hydroxide by reacting a water-soluble magnesium salt with an

alkaline supbstance in water, & sliurry containing

precipitation of magnesium hydroxide is cbtained by reacting

1 equivalent of water-soluble magnesium salt with 0.8 to 1.2

eguivalents, preferably 1.0 te 1.2 equivalents of alkal

i

in
35  substance. This slurry is hydrothermal treated at 120 to 200
°C under pressure and the obtained reaction mixture is usually

cooled to the room temperature, filtered, and washed with



Alkoxysilane expressed by the general formula (1) is not particularly limited but includes, for example,
methyltrimethoxysilane, dimethgldimethoxys lane, 10 phenyltrimethoxysilane, diphenyldimethoxys
lane, tetraethoxysilane, methyltriethoxysilane, dimethyldiethoxysilane, phenyitriethoxysilane,
n-propyltrimethoxysilane, n-propyltriethoxysilane, hexyltrimethoxysilane, hexyltriethoxysilane, 15
decytrimethoxysilane, trifluoropropyltrimethoxYsil ne. [0030] By the surface treatment, it is preferable

to form a film quer of 0121 to 20 weight 3 relafiye to the {r%asgne?%rg oxide paricle on the surface. By

applying such fféatment. 20 Water res?étgnce property ‘and acid resistance property can be improved
while maintainifig 16w @I@é‘trI@éﬁ@@ﬁﬁuﬁﬁ}lt&?O[@@?ﬂ%é“ﬁ%@ﬁé@ﬁﬁl bXiepartiad Grih8 prégent
disclosure can bearaduced by bakingsmagnesiumi bydroxide 4t the. presentge aof Jicierseid 6. a salt

thereof. This methacL{oX rraducing thenagnegiym xide padislpls.ane asked of the press

invention. This pro duction of magnesium oxide by baking in the presence of boric acid or a salt thereof
is preferred becaUse 36 themagnésitm oxi d8kba?tréie having he Specfiad redidh SiZe)BsA
diameter) ratio madtDe0/D Ifsand: having:the esiredipartcle diemeter a8 meatiensd abévé,.is easily
obtained by adjusting;the additign amount of boric acid or a salt thereof
[ooz6]
The method for producing a magnesium oxide particle of
10  the present disclosure 1s characterized by baking in the
presence of poric acic or a salt thereof. In the production
of inorganic particles, the baking in the presence of flux
may be performed to increase particle diameter thereof. The

inventors found that, when boric acid or a salt thereof is

15  used as flux in this baking, the particle size distribution
of “he obtained magnesium oxide particles became sharper than
when other compounds were used as flux.

[0037]
Preferably, the boric acid or a salt therecf is added

20 in the amount of 0.1 to 10 mol parts in boron eguilvalent

relative to 100 mol parts of magnesium hydroxide. IZI the
addition amount is less than 0.1 mol part, energy Costs
increase because 1t becomes difficult for the particle to grow.
If the addition amcount exceeds 10 mol parts, productivity is
25  poor because many coarse particles occur leading to a
decreased yield ratio of desired products. The magnesium
cxide particle having the desired particle diameter can be
cbtained bv adjusting the addition amount of boric acid or
a salt thereof and the reaction temperature. For small
30 particle diameter, preferably, the addition amount oI boric
acid or a salt thereof is decreased and the reaction
temperature is lowered. For large particie diameter,
preferably, the addition amount of beric acidor a sglt thereol
is increased and the reaction temperature is railsed.
[0038]

The boric acid or a salt therecf is not particularly

|9}
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limited but includes, for example, boric acid, zinc borate



and the baking temperature. 35[0032] More specifically, the magnesium oxide particle is obtained by
the method for producing a magnesium oxide 9 particle of the present disclosure as mentioned in
more detail below. The method for producing a magnesium oxide pare of the present disclosure is
described in more detail below. D(0033] In the method for producing a magnesium oxide particle
of the present disclosure, magnesium hydroxide is used as a raw material. The magnesium hydroxide

preferably has an average Qarticle diameter of 0.05 to 2 gn;g The average 10 particle diameter of the
magnesium hydroxide’ & heasursd by Tadar ditfraction particle Size tistiBuior aHdly28F (Mitfotrac MT

3300 EX manufsttiredbyoR k] S O Cloy 795)e [0034] Fhi ahagrasiur hydioxide usediinithe present
disclosure 15 ispet:pasficulaslydimited as farits @rigia butivcludesmatiiral preductssabtainedby
pulverizing natyral minerals. synthetic compounds obtained by neutralizing a watet-soluble
magnesium salt %]C\Tvg%)e?“uas}tngg glﬁgr%r%eggt%satgﬁéessgr% g% oﬁ%g}:ea?éﬁ)a%?y“, the faot%f}‘énynthetic
compounds are-G$éd 1A TRe 2 Frotfutfion bE the SyatHesiE chRipoanas Ahe Wateresolahle tiagnesium
salt includes, fanexamplesmagnesiunrchlorde, traagnesitmsulfate, magnesiemanitiater and

magnesium acetate, ;The alkaline substance includes, for gxample, sodium hydroxide, potassium

hydroxide, and ammonia. A,ccordlngséo the present disclosure, this allkglige substance’is usually used
in the range of 68 f5'{.3%6qu\Valents retdtive fort Eqtifvafent bf fnatfesidm S Sait Jj0035} it present
disclosure, for protdueingraagnestum30/hydroxidednydreanting a veater-scolabléemagresiamesalt with an
alkaline sybstance inswater, asturEycentaining precipitation.oftmagnesium hydroxide. isgbtained by
reacting 1 equivalent of water-soluible magnesium, salt with 0.8 {0 1.2 equivalents, preferably 1.0 to 1.2
equivalents of alkaline = : e g them, b - ©
decahvdrate (borax} 1z more preferred.
[0039]
Whenr a borate salt is used as the boric acid or a salt
15 thereoi, boric acid and a metallic salt compound and/or
metallic hydroxide may be added to magnesium hyvdroxide. The
boric acid and an ammonium salt and/cr ammonia agueous
solution may be used. That is, the magnesium oxide particle
of the present disclosure can be obtained by adding boric acid
20 to magnesium hydroxide in combination with salits such as
sodium salts, sodium hydroxide, Llithium salts, lithium
hydroxide, potassium salts, potassium hydroxide, ammonium
salts, ammonia agueous solution, zinc salts, such amine salt

compeunds as triethanclamine salts and/crmetallic hydroxides.

25 In this case, boric acid and salts and/or metallic hydroxides
may be added to magnesium hydroxide at the same time, each
compound may be added separately in another stage (for examplie,
the other is added during the baking)

[co40]
30 The magnesium oxide particle of the present disclosure

is produced by mixing the magnesium hydroxide with the boric
acid or a salt thereof inpublicmethods andbaking the obtained
mixture., The mixing i1s not particularly limited but wet
mixing with & dispersant 1s preferred. The baking is

35 preferably a static baking from an industrial viewpoint but
is not particularly limited.

[o041]



35 substance. This slurry is hydrothermal treated at 120 to 200 00 under pressure and the obtained
reaction mixture is usually cooled to the room temperature, filtered, and washed with 10 water to
remove by-product salts. The obtained mixture is dried and pulverized to obtain magnesium hydroxide
having an average primary particle diameter of 0.1 to,2 um, specific surface area of 1 to 30 m2/g and
hexagonal plate-like shape, followed by baking to obtain a spherical magnesium oxide particle having

an average primary particle diameter of 0.1 to 2 um, usually, T thod for_producing a
magnesium oxide partiﬁc‘;!‘(f:-eofg .th%gpr:égeﬁte d’lsgé‘?lgs“&rg‘leO %%chéég)(ﬁ?%feg‘ﬁgggah@n'g irEIN &eenpgce}éegnce of
boric CoCci or Agalaheredt Anithel rodluction dfiAGrganicifartieles’ the bakigindhessiaséfice of flux

maybe performed e increasge pasdicle diametarthereofr 4 he inventarsdawnd that, wiiesrbaric=acid or a
salt thereof is ed as flux in thi king, thesparticle size distribution of the obtaine mggpesium
oxide partigleslgg%%r%jé ;%%%e%%%%ngvgﬁenggoﬁgﬁe;%c%m%oﬁr%zdé%\Tel%_use%fase §ux. [0037] Preterably, the
boric acid 6r a §8EthetesFis atded 209RTHE afbling of 69 186210 ADI PEAS fiFB6ON equivalent relative
to 100 mol parts[afanagnesium hydroxide. If the addition amount is less than 0.1 mol part, energy

costs increase because it begomes difficult for the particle. to.graw, I£.the addition amount exceeds 10
mol parts, productivity is 25 poor because many coarse particle,s occur leading t%a decrheased yield

ratio of desired prodiucts "TRE niaghesitim BRide Particla Having the desited Patticie diameter can be
obtained by adjusting tHe:additioanount of boric aeid ora salt theresfahd thereastion: temperature.
For small 30 pasticle diametes;preferably; the-adgition agount of borc aeid ofa-salkhtheseof is
decreased and tge r%@qgnotgrri%ergtur% is Lowgrgdbggr garg% particle diameter, preferably, the
addition amount oFBoFIE acid of & salt thereof is increased and the reactloﬁ?émp‘éra‘furé is raised.
35[0038] ThHe barid aéicbor dsak IhereafisIast particuiaiiairited but rkiuges, I6rexkifsle, boric
acid, zinc boraten1 k:5 hydrate; ammenium beatate octahydrate rpetassivmeboratescalcium borate n
hydrate, triethanglamine botate, sodjum horate, magnesium porate.n hydrate, lithium barate,
ammonium tetraborate tetrahydrate, sodium tetraborate, sodiurn tetraborate decahydrate, potassium
tetraboraté’tetr&iydraies stgantss (h)etaborts Hithiunt istraborate shhydrouss fithitim tetraborate
n hydrate. The bbgate=shlt may be hydrate or anhydride. As the boric acid or a salt thereof, lithium

tetraborate pentahydrate, sodium tetrabarate decahydrates 4o particle of the present

discleosure is not particularly limited but the particles can
be used as an exoergic filler, for example. This excergic

200 filler is one aspect of the present invention.

[0044]

The excergic filler of the present disclosure is usually
used in fields such as exoergic resin compositions, exoergic
greases and exoergic coating compositions. Many

25 publications concerning such applications are known, the
exoergic filler of the present disclosure 1is used in such known
applications as excerglc resin compositions, excerglic greaseas
and exoerglc coating compositions.

[0045]

30 When the magnesium oxice particle cf the present
disclosure is used as an excerglc filler, several magnesium
oxide particles which are different in particle diameter and
satisfy the reguirements c¢f the present disclecsure may be
mixed LTc use. More specifically, there may be mentioned

35 magnesium oxide particles obtained by selecting magnesium
oxide {a) andmagnesium oxide (b) so that theparticle diameter

ratio {{a)/{b)} is remained within the range of 4= {a)/(b)



10 potassium tetraborate tetrahydrate and ammonium tetraborate tetrahydrate are preferred, among
them, sodium tetraborate decahydrate (borax) is more preferred. [0039] When a borate salt is used as
the boric acid or a salt 15 thereof, boric acid and a metallic salt compound and/or metallic hydroxide
may be added to magnesium hydroxide. The boric acig and an ammonium salt and/or ammonia
agueous solution may be used. That is, the magnesium oxide particle of the present disclosure can be
obtained by adding boric acid.20 to magnesium hydroxide in combination with, salts such as sodium
salts, sodium h%“%%o)(id(%‘,mlﬁhﬁﬁjrﬁ{%5@3,tﬁﬁwelﬁﬂmshoydtr)éf(ii8e,%}c?ta‘é“’?lLljﬁb1h s“alfs?%%toa_g ﬁ}m ?ﬁ%ﬁjﬁoxjrdse,
ammonium salESEmMERia aGliedus B6IGFSHY 2iRd salts, Stich:amiré 8amk edntpSuRGsas s 1 um
triethanolamine-salts-and/ot metallic hydrexides. itk nthis:ease; beric iaectdapd salts andiorl metallic
hydroxides may e aded,ip magnesiup hydroxide at e same timg, each compaundmay e added
separately in another stage (for example, the other is added during the baking) . [0040] 30The
magnesium oxideHICIE 6f.the PreSehit GtRSaRs IS Probtcel By IRAHY RS hhgRésiamhydroxide
with the boric ac¢id) orcet sélt thereof ifr public methods and baking the obtained mixture. The mixing is
not particularly Iip@iE@@Gl?ut wet mixing with a dispersant is preferred. The baking is 35 preferably a
static baking from an industrial viewpoint but is not particularly limited. [0041] 12 The baking is
performed at 1000 to 1800 “C. Whék the [EATPSTAIE igfééeth%%‘l E5it'iS not preferred because
particle diameteromay mot increas@ Bafficidntys \When thielterperatiferexcteds 3800'G, it keRot
preferred hecause many Goarse-particles:accyn and yield may-be degreased.i[0Q42): i de The
magnesium oxide particles obtained by. the above method have a sharp particle si € gistribution, but

the magnesiunr oxu:rfé“ %"“artlcles mai“/nbe plﬂ:i\}/]er?zee"ol“ocr‘“éﬁgshqleaciJ 10 using a sieve if sharper particle size

distribution is rétRffeBISGHR oPdéite réfove foVPEgEZE PatiIES. The methisd 6t tivérifing is not
particularly limiteghbut dneludlesrihe methodiusing ani atomizee mil for examplte: The classification using

a sieve Is not p%rm&CHA%rW(%%Sglgtgdand 4Z (b)/(c)£20, and mixing them so that the

15 weight ratios satisfy the two paramsters, That L

03]

(ad:iibr+icy =5:2 to %: % and (b):(c)=3:5 to 9:1, wherein the
magnesium oxide particle {a) has a primary particle diameter
of 1 to 15 um, measured by the method using the image taken
with the Scanning Electron Microscope, the magnesium oxide

200 particle (b} of 0.05 tc 4 um, and the magnesium oxide particle
(c) of 0.01 to 1 um.

[0047]
As mentioned above, it is preferred that several

magnesium oxide particles being different in particle

o]
L

diameter are selected and mixed for good £illing ratic because

the high filling ratio is expressed and good exoergic property

is obtained.

[0048]

When the magnesium oxide particle of the present

30 disclosure is used as an excergic filler, the particie may
be used in combination with other components. The other
components which may be used together, include other excergic
fillers than magnesium oxide such as metal oxides including
zinc oxide, titanium oxide and zluminum oxide, aluminum

35 nitride, boron nitride, siliceon carblde, silicon nitride,

Titanium nitride, metallic silicon, and diamond, resins and

surfactants.



15 but includes wet classification and dry classification. [0043] The use of the magnesium( oxide
particle of the present disclosure is not particularly limited but the particles can be used as an exoergic
filler, for example. This exoergic 20 filler is one aspect of the present invention. [0044] The
exoergic filler of the present disclosure is usually usegl,in fields such as exoergic resin compositions,
exoergic greases and exoergic coating compositions. Many 25 publications concerning such
applications arerwggg the exoergic filler of the present disclosure is used in such known applications
as exoergic resin ¢ p)o‘sitions, exoergic greases and exoergic coating compositions. [0045] 30When
the magnesium( oxide ParieIE &t fha Jresentidiscibdtreds Gséd gsidh exergic fiflefseveralc
magnesium oxide pasticles mhighsate: different impasiclesdiametertand satisfy the requiretments of the

present disclosure.may e mixed o use. Mere spegifically, there may be mentigned 35 magnesium

oxide particles obtained by selecting magnesium oxide (a) andmagnesium oxide (b) so that the particle
diameter ratio (EABY)TS Témained Withif The nge of 451 E{EPED) 13V 90T aRd mixiny them so that
the weight ratiof@¥€b) tisgernainechwithie the: rengecofls 5 to 9:1¢wherein ¢thetmagresitirnioxide
particle _(a) has Pé'gl%[YaB@rti‘%l%PﬂﬁiE%t%!ﬁéy@é§3’9{@’, ”ﬁ%@é@_&@d Lbé’ébﬁ éﬂeﬁ&ﬁ wsing the jage
taken with the Sca%nr%wgn Electroonlcr%%cope and the magnesium oxide r%agrtlcle 2 b% of 0.05 to 4 pm.
[0046]  Thré&'or idre hidgiesium oxide paridies may b& Usad in BSMBHAtoR “When three
magnesium oxide particles are Nsed 30 iy eombinationy tHere AfdiSle mMehtivned Mmyagresium oxide
particles otaingd by-selecting-magnesium exide-(a)n magneswin:pxidei(b) andzmagnesium oxide (c)
so that the particle diameter ratios tsrz{lg%fy r&ggﬁ\gg lpﬁamgter%ttlrtl\%é-nlg;.%-t(_%){/(ia)(gé;%?a%ned 4=9 (b)

Q gm% alg,

. Tesins, p
/(c) 20, and mixing t]h_en‘i so that thé ] ‘
copolymer resin (EEA), polycarbonates, polyurethanes,

polyacetals, polyphenyiene ethers, polyether imides, acrylic
nitrile-butadiene-styrene copolymer resin (AB3), liguid

15 crystal resins {LCP), silicone resins, acrylic rasins and
other resins.

{0050)
The resin composition of the present disclosure may be
a resin composition for thermal molding obtalned by kneading

20 & thermoplastic resin and the magnesium oxide particle in
melting ceonditicon: & resin composition cobtained by kneading
a thermosetiing resin and the magnesium oxide particle
following thermosetting: or cther resin composition.

[oos1]

25 The addition amount of the magnesium oxide particle in
the resin composition of the present disclosure can be
arbltrarily determined according to the intended performance
of the resin composition such as thermal conductivity,
hardness and so on. In order to express the excergic property

30 of the magnesium oxide particle sufficiently, the addition
amcunt of the particle is preferably 10 to 90 volume % relative
to the teotal solid matter of the resin composition. The
addition amcunt can be adijusted according to the needed level

of excergic preperty. For the application reqguired better

L
L

exoergic property, the addition amcunt is more preferably 30
velume % or more, and still more preferably 50 volume % or

more.



15 weight ratios satisfy the two parameters, thar. (a):((0)+(c)H---:(b): (c¢)=5:5 to 9:1, wherein the
magnesium oxide particle (a) has a primary particle diameter of 1 to 15 pm, measured by the method
using the image taken with the Scanning Electron Microscope, the magnesium oxide 20 particle (b) of
0.05 to 4 um, and the magnesium oxide particle (c) of Q.01 to 1 pm. [0047] As mentioned above, it
is preferred that several magnesium oxide particles being different in particle 15 diameter are selected
and mixed for gqod filliRg ratio because the high filling ratio is expressed and good exoergic property is
obtained. [00483)(\%1%3 he magnesium oxide particle of the present 30 disclosure is used as an
exoergic filler, the particlé Hay Be asediaToatbiifation Mthtothar LoRsIonEHts CThe ottter ¢ormponents
which may be usedtagethgreingtide Hthee exeergie fillersthan-magnesiim ©xide such as metal oxides
including zinc oxide, titanium oxide and aluminum oxide,.aluminum 35 nitride, boron_ nitride, silicon
arbid oo o e T B B e T004g)
When the magriésidifi oxide’ paftie|& s e as &t ekbergic flfefSthelFatidles ean bedgdderin the form
of a resin composition ohtaimed byhmixing: dith airesin: Stch resingompaesitionisdnesaspact of the
present invention, In this case, thedesin may be athermoplastic resin or 3 thermasetting resin and
includes epoxy :fsin§, henol resins, polyphenylene sulfide resins (PPS), polyester resins,
polyamides, pol iMiches! polystyrenes, polyethylenes, polypropylenes, 10 polyvinyl chlorides,
polyvinylidene chlorides|fliorinegesias L polymreting nethacrylate rethylenefethyl dcpdatescopolymer
resin (SEA), polysatbonates, polyisethanesr.palyacetals,palyphenyieng, ethers, palysther imides,
acrylic nitrile-butadiene-styrene copolymer resinéAgsg, liquid 150ry§ta(g resins (LCP), silicone resins,
acrylic resins afd Other TeSins. f@f)éojye produced By the mMethod compising
meit-kneading a thermoplastic resin and the magnesium oxide

particle using a double-screw extruder, for example, To

pelletize the resin composition and then, molding to the

,._.
L]

desired shape by the arbitrary molding method such as
injection molding and so on.
[0054]

When the resin composition of the present disclosure
is the resin composition obtained by kneading & thermosetting
200 resin and the magnesium oxide particles foliowing
thermosetting, it is preferably meldsd by pressure forming.
Such methed for producing the resin compesition is not
particularly limited, but includes the method molding the
resin composition by transfer moldin

[oos55]

The applications of the resin composition of the present

[ ]
L

disclosure include exoergic parts of electronic components,
thermal-conductive bulking agents, insulating bulking agents
for temperature measurement. For example, the resin

30 composition of the present disclosure can be used in order
to transfer the heat from the exothermic electronic components,
such as MPU, power transistor, tTransformer to the exoergic

componeants such as excoergic Ifins and sxeergic fan, and can

[OR

be placed between the exothermic silectronic components an

4y

=

35  exoergic components. This will allow good heat transfe

between the exothermic electronic compeonente and the excerglc

components and will provide for a decrease in malfunction of



The resin composition of the present disclosure may be a resin composition for thermal molding
obtained by kneading 20 a thermoplastic resin and the magnesium oxide particle in melting condition:
a resin composition obtained by kneading a thermosetting resin and the magnesium oxide particle
following thermosetting: or other resin composition. [0@51] The addition amount of the magnesium
oxide particle in the resin composition of the present disclosure can be arbitrarily determined according

to the intended performance f the resin composition, sich as.thermal condugivity, bardness and so

on. In order to express the exoergic property 30 of the magnesium oxide particle sufficiently, the
addition amourft &f Hh& pARIER i< prefefably 1P ISIbME FordiafvB TS B o SHRAfEr of the
resin compositioanThe additien-abiount ean eadjusted-acconding tothe needed:ievekofexdergic
property. For the; application tequired; hefter 35.exoergic praperty, fhe adgition apount is more

preferably 30 volume | or more, and stilmore preferably 50 volume % or more. [00521 In the
resin compositie Of e Present distfostiré, the TR compbnent may be selected in accordance to the
use. For examplg) wheéh the resin composition is placed between the heat source and the exoergic
plate to make them sticktagether #esins Having high-adhesion propertysanddevs hasgnressssuch as
silicone resins and ?g[ylict:rt?gins can be s%gecth?g.L[OO%:%WgrelnetggarggifﬁcorpgaogLy%n %fﬁtﬂ%eodesent
disclosure 10 is 4 Tesifi composition for therma moﬁdﬁlng, the fesin Eompb’sﬁlon may Eg)_e produced by
the method corprisihg hielt-Rasading-e ffermoplastic fesifcahcithesmaghéesilifrexite patéicld using a
double-screw extryder farcexample, 1o pelletizethe resia compositioncand thene moldifig 1a.¢he desired
shape by the arbji_,t%r%wﬁnolgT§6m§g19gesuch as injection molding and so on. [0054] When the
resin compositign of the present disclosure is the resin composition obtained by kneading a
thermosetting 2d eI Aind the magnesium oxide particle following thermosetting, it is preferably
molded by pressure formtirg 28uch methaddompradiicing the: resirs compositivn isaot patticularly
limited, but includgs the,method malding the resin composgition hytransfeemelding. [00351ke

1

tn

according to the intended degree of thermal conductivity. iIn
order to express the exoergic property cof the magnesium oxide

particle sufficiently, the addition amount of the particie

?,J
O]

preferably 10 to 90 volume % relative to the total amount

o}
FHy

the exoergic grease. The addition amount can be adjusted

)

20 according to the needed level of exoergic preperty. For the

(

appiication required better exoergic property, the addition
amount is more preferably 30 volume % or more, and still more
preferably 50 volume %.
[0058]
As the base oll, one or more kinds of oll materials

ra
(4]

selected from the group consisting of mineral oils, synthesis

oils, silicene oils, fluorinated hydrocarbon oils and the like

can be used. The synthesis oil is preferably a hydrocarbon

0il. As the synthesis ¢il, There may be mentioned a-olelfins,
30 diesters, polyol esters, trimellitic esters, polyphenyl

ethers, alkylphenyl ethers and so on.

[0055]

The exoergic grease of the present disclosure may

contain a surfactant according to need. The surfactant 1s

33 preferably a nonionic surfactant. By adding the nonicnic

surfactant, thermal conductivity can be improved and



The applications of the resin composition of the -present disclosure include exoergic parts of electronic
components, thermal-conductive bulking agents, insulating bulking agents for temperature
measurement. For example, the resin 30 composition of the present disclosure can be used in order to
transfer the heat from the exothermic electronic compenents, such as MPU, power transistor,
transformer to the exoergic components such as exoergic fins and exoergic fan, and can be placed

between the exothermi% electronic companents and 35 exoergic components. Thlis_ wcigl allow good heat
CO{‘IHS]_S ?RC%.OJ. e’ eXoerXrJlC [gﬁtrease cari e C0 roLie h .
transfer between the exothermic electronic components and the expergic components and will provide

for a decrease HPRfalfanRétHon of 16 the exothermic electronic components for a long term.
Furthermore, thg gesin fomposition of the present disclosure can be preferably used for connecting a

heat pipe and a heat sifk, qr.connegting amadule incorporated info variqus, exqthemic hodies and a

heat sink. [0056] = When the magnesium oxide particle is used as an exoergic filler, the particle may
be used as an BXoefgitYgiease Bbtaifed by rMikitywith Bbase oitwhién Tontains 4 minfal il or a 10
synthetic oil. This exoergicgrease s dhe aspectdfithe present disclostire [0857) The addition

amount of the magnesiym.oxide particle:n the gxoergic.arease of the present disclosiive may be
decided 15 accordlg%tp the intended de&rge o{ therma{goqducnwt}é. In or?er to extp%ressé Lihee_exoerqlc
property of the Tifagnesiunt oxidé partiéié sufficiéntly, the"addifion amount of the’particle s preferably
10 to 90 volume$ felatiertoothie tetsd apioidit-of the exoergitegiease "Fhe addbivhapssuntTan be

adjusted 20 aceprdingtodhe peeded deveh of exqergic-proReHy. For theapplication keeuired petter
exoeraic propertg,qthe addition.amount js more,%{ef%rabiy %O volumg‘% or
ROL Tryv acldmonoeste VG

& c Y xr%“l‘%ff%%?%% élt@amig s

preferably 50 volun?"eoﬁff 25As the base oil, one or more kinds oF il materials se ected from the
group consistingof fifiefesl bis Ssyrithesis Bi§ SHicohecoils I ifotiried Rydfscarbeitoits dfd the like
can be used. The syathesisikis:preferallly achydsetarbaen of 2As thessynthesis ol sthere may be
mentioned a-og@é%%ﬂ;ﬁ%@&'%?ﬁt@{%fiﬁe@% esters. polypheny! sthers;alkylphenyl ethers
andSO(NH;OO glyvcol fatty acid moncesters, diethylene giycol fatty acid
monoesters, propylene glycel fatty acid monocesters, glycerin
fatty acidmonoesters, pentaerythritoel fatty acidmonocesters,
sorbitan fatty acid monoesters, sorbitan fatty acid
sesquiesters, and sorbitan fatty acid triesters.
20 [oos1]
The effect of adding the nonionic surfactant depends
on the kind ¢i the exoergic filler, addition amount, and HLB
which is the term showing the balance between hydrophiliicity
and lipophilicity (hydrophile-lipophile balance). Liguid
25 surfactants with HLR of not morse than 9 are preferred because
good consistency is obtalined at room temperature, in the
practice of the present disclesure. Anicnic surfactants,
catlonic surfactants and ampholytic surfactants may be used
in the application such as high excergic grease where the
30  decrease of electrical insulation and electrical resistance
are not emphasized.
[oo62]
The excerglc grease of the present disclosure can be
produced by mixing the above mentioned components using a
35 mixing apparatus such as a dow mixer (kneader), gate mixer,
planetary mixer and sc on.
[o063]



The exoergic grease of the present disclosure may contain a surfactant according to need. The
surfactant is 35 preferably a nonionic surfactant. By adding the nonionic surfactant, thermal
conductivity can be improved and 17 consistency of the exoergic grease can be controlled
moderately. [0060] As the nonionic surfactant, thege may be mentioned polyoxyethylene alkyl
ethers, polyoxyethylene alkyl phenyl ethers, polyoxyethylene alkyl naphthylene ethers,
polyoxyethylene castor, oil, polyoxyethylene hydrogenated castor oil, palyoxyethylene alkylamides,
polyoxyethylenepoIyoxg%r%p?/%%%%%é)Ig,r&)a‘yﬁgxy%efh)ﬁegr?e-%g@%ﬁ%ro%%lse‘ﬁ%eoﬁ ﬁryc%lﬁ tk?))/rene
diamines, deca@fiyicetindatty deit eSS NFoljod athiBnefath/aeidioreesters Pofyoxyethyiene fatty
acid diesters, pelyeoxyethyleneprapylengglycal fattyacid esterspolyoxyethyene:sorjtan fatty acid
monoesters, palypxyeifiene sarbita fatty agidriestets. sthylene 15.glveol fatty,acid manoesters,
diethylene glyco f%ltt'y acid monoesters, propylene gTy?:oI atty acid monoesters, g \ycerl'nf atty acid
monoesters , péRiaeRithritoT &ty ddid fichioesters, Sofbitan Fatty atid AohoEsStErst $6ibitart fatty acid
sesquiesters, andssorhitan-fatty @cid-triiestersp2@[{006 2jup e rEhe effeetofsadding.the:norionic
surfactant depengs.an.the.kind of the exaergic filley, additian:amaunt,and HLB which isghederm
showing the balance between hydrophilicity and lipopnilicity (hydrophile-lipophile balance). Liquid 25
surfactants with AL B 0f ot Mbre tHark 8 &Fé préfendd becalisé gdda considtERéy & 6btained at room
temperature, insthepractice obthecpresenmtelisciosures Wriohit safactants acationicssurfactants and
ampholytigisurfagtants-may besused-intheapplicatignsuch-as high-exeergic.grease where the 30
decrease of elecggggl insu(lj?llgon t%ng eLeTctri%aI rrelsli}s;argggacraed not fhméagg?é%g. %JVQLGZ] e th‘l;)hcf exoerg
c grease of the présent disclosure can bé produced by mixing the above mertroned components using
a 35 mixing apPeErEtls SUehEs A dowW miker (idieabléry Sdatemfixars plafstaf miker and soieH [0063]

the exocerglic grease on the present disclosure between the
excthermic body and the excergic body, it 1s able to

15 effectively remove heat from the exothermic body because heat
transfer from the exothermic body tTo the excergic body is
performed sfficiently.
[0064]

When the magnesium oxXide particle ¢ th

+

D
T
£
3

eser
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20 disclosure is used as an exoerglc filler, the filler can be
used as a coating composition obtained by dispersing the
filler in & resin soluticon or dispersion liguid. This
excerglc coating composition is one aspect of tThe present
disclosure. In this case, the resin contained in the

25  composition may be a hardenablie one or a ncnhardenable one.
Trne resinmay include the exemplified resins which can be used
in the resin compesition mentioned above. The coating
composition may be & sclvent type one containing organic
solvents Or an agueous type cone contalining & resin dissolved

30 or dispersed in water.

[0065]
The method for producing the coating composition is not
particularily restricted but the coating composition can be

produced by mixing and dispersing the necessary materials and

(W)
LN

solvents using & disper or beads mill.
[oo6¢6

The addition amount of magnesium oxide particle in the



18 The exoergic grease of the present disclosure may be applied to the exothermic body or the
exoergic body. As the exothermic body, there may be mentioned, for example, exothermic electric
components such as general electrical source; power transistor for electrical source, power module,
thermistor, thermo couple, temperature sensor and ogfger electrical apparatus: integrated circuit
element such as LSl and CPU. As the exoergic body, there may be mentioned, for example, exoergic
components such as heat spreader, neat sink;.10 heat pi and excergic plate, -The application can
be pgrformed b?tﬁ%rs%:rLécengﬁﬁ%tl%gth%%%%iéc?ggn B%r?t% r%%ti%%er%ggjﬁe%*e?f%%rﬁga IL?é)ianl:fﬁr\ﬁetal
mask or screerPmeSRCBYapphing tididdedrgicidreade bElSsSteSEft disclosuresetiiaen the
exothermic bodycanrditheiexoepgic bedy dtis:able te 15-effectively remavedieatdiorn she exethermic

body because heat transfer from the exothermic bady to the exoergi¢ body is perfarmed efficiently.
[0064] When th%%%arﬁéﬁi%r%gﬁdg%éﬁ%lég é? t ]égp%ysehlfzoléﬁs)cf(%u% is used as an exoergic filler,
the filler cah beAise as coAfinercompasitioh BBEHTEF By Hidpersing thEfIlERh aT8<iA Sbiiition or
dispersion liauid cThis=exoergic €oating compasition:is omne aspect of theopresent discloisurécin this

case, the resin contained.in the comppsitionimay be.a hardenable.one, o anenhardenable one The
resin may include the exemplified resins which can be used in the resin comgos,iti_on mentioned above.

The coating compBsKiBhmay BB & soivent fype GHe Eohtaining organic sbiVents of an agueous type
one containing axesmnadissolved Sotar dispersettiniiateraf0065F 1= Tie methed $orprodueing the

coating composjtionisenot partigilady restricted but the ceating.compesitiorscan-bepreduced by
mixing and dispirﬁhnggt e necessary materials and 35 solvents using a disper or beads mill. [0066]
t

The addition am magnesium oxide particle in the 19 ,
The magnesium oxide particle of the present disclosurs

can be used in filelds such as rubber accelerators, plgments

for coating compositions and inks, and medicinal products in
15 addition to the exoergic filler.

[Example]

[ooes]

Hereinafter, the present disclosurs will be described
in more detail by way of examples, but the present disclosure

20 is not limited to these exampies.

Eereinafter, median size and particle size distribution
of the obtained magnesium oxide particle were measured by
laser diffraction particle size distribution analyzer
{(Microtrac MT 3300 EX manufactursd by NIKKISO CO.,LTD).

25 [0069]

Momoororme mesnon

Photograpns of each magnesium oxide

30 particle were taken at five locations by using Scanning
Electron Micrescope (J8SM 840 F manufactured by JECL Ltd.) at
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imost O.1 um, respectively, to obtain five
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phetographs with image parts of 9 cm narrow side and 12 cm

long side. 1In each photograph, one line was drawn parallel



exoergic coating composition of the present disclosure may be decided according to the intended
degree of thermal conductivity. In order to express the exoergic property of the magnesium oxide
particle sufficiently, the addition amount of the particle is preferably 10 to 90 volume% relative to the
total amount of the coating composition. The additior,gmount can be adjusted according to the needed
level of exoergic property. For the application required better exoergic property, the addition amount is
more preferably 30,10 volume % or.mare, and still more preferably 50 V(:;Jug]ﬁﬂ(’/ol 067]; 4. The
magnesium oxide particle of the present disclosure can be used ifi fields suc 'as rubber acceélerators,
pigments for coatingtOmpesifioRs aad ks, tehd fifedieingl Srodaicts ™ 5 RaditicitotheeXpergic filler.
[Example] [0068F the Hereinafteri the. prasentdlisclosire will he deseribed i more detait hy way of
examples, but the present disclasure, 20 isnotigited {o [hese.examples, o, Hereinafter,

mediansizeandparticle size distribution of the obtained magnesium oxide particle were measured by
laser diffractionParticRREES digtriButioh SianZer Ivicrofiac N30 X haRufaétéd By NIKKISO
CO.,LTD). 25[0069}.determaneghsscecititrgrayPhotographstdfeachvmagnesiuns oxide=30 pattitle were
taken at five locatiopg by-using Scapning-Electran Mieroscepe (SM 84Q Frmanufactured by, JEOL Ltd.)
2000-fold magniflca7Lin when the diameter was almosr: pm, at 500g-fold L arma a:l -Hfl a pm, and a:
5000u-fold 35 SSA diaficérwas almost.. u.1 um, respectively, to obtain five photographs with image
parts of 9 cm nafroW/sidle and 12 cm long side. In each photograph, one line was drawn parallel 20 to

the narrowysidesfram;the midglepeintiefithe:long: sideranether line parallel to the long side from the

e he o R tide Two-dirdanpl e verg dreny andhe sl deetiand e long
(product name MGZ-0)1 kg was added to I L of lon-exchangec
water containing 50 g of DISPEX A 40 (ammonium polyacrylate
manufactured by Allied Colloid) and 1.64 g of sodium

15  tetraborate decahydrate {manufactured by Wako Pure Chemical
Industries) tc obtain a dispersicn slurry of magnesium
hydroxide. This addition amount of sodium tetraborate
decahydrate was 0.1 mol part in boron eguivalent. The
obtalined slurry was sprav dried to obtain magnesium hydroxide

20 in which sodium tetraborats decahydrate was mixed uniformly.
This magnesium hydroxide was charged into an aiumina pot with
a lid followed by atmespheric baking at 1100 °C for 10 hours.
After desalting the baked magnesium oxide, magnesium oxide

particle —-a was obtained by pulverization. The primary

t2
e

particie diameter of magnesium oxide particle -~a determined

particle size distribution was 4.2%um, specific suriace
diameter determined from specific surface area was 1.65bum,
and median size measured from particle s

30 distribution/specific surface diameter determined Ifrom
specific surface area was 2.60. D80 was €.7% um, D10 was 1.75
um, and D9C/DIC was 3.88,
foo71]

Example 2 Magnesium oxide particle -b

T
[

Magnesium cxide particle -b was obtained by following
the same procedure as that of Example 1 except that the additiocon

amount of sodium tetraborate decahyvdrate was changed to 8.20



overlapped with these four lines were measured by using vernier caliper. The average of these values
was determined as the average primary particle diameter (OEM diameter) of each image. 10070] 10
Example 1 Magnesium, oxide patrticle -a Magnesium oxide manufactured by Sakai Chemical
Industry (product name MGZ-0)1 kg was added to 1 kof ion-exchanged water containing 50 g of
DISPEX A 40 (ammonium polvacrylate manufactured. by Allied Colloid) and 1.64 g of sodium 1.5
tetraborate decahydigte (Maauiactied i Wakofure, ghemcal iudustriesL o ajain.a disparsion

slurry of magnesium hydroxide. This addition amount of sodium tefraborate decanydrate was 0.1 mol
part in boron e§uivalént. T SbtafhetlRRrFywWHE dptay Hrikd to Obtail MagresitAT hydrokide 20 in
which sodium teiraheraie detcahygnateiwassmixed gnitormtyl 4 his magresiam, hydroxide WaS charged
into an aluming potwith alid follawed by atpospharic baking at,110Q,C-for 10.hgurs, After desalting

the baked magnesium oxide, magnesium, oxide particle -a was obtained by pulverization. The primary
25 particle diarmietet of nagnesitint SRidEFarticle 4 Yetéhififted fronmthe SERM, Bhalbgraph was 1.68
pm, median sizésrneasureddrémapartickecsiZe distribdtiorewaset: 29am spédific susfaderdidmeter

determined from; speeific syrface areawas 1:65um, and median-size measwyed iremrparticle size 30
distribution/specific surface diameter determined from specific surface area was 2.60. D90 was 6.79

um, 010 was 1.75p-and DYOTDI0 was 3 88 [0071] Exampfe’2 Magnesiun %?(%eaﬁfaerﬁclvé?-%
35Magnesium éxidé parfigle hwas obtaified by ¥oliBwirg the-saméFrobedure ds it of Example 1
except thatthe gdditior) amount of sodium, tetraborate decahydrate was changed to 8.20 21 Q. The

addition amount %f%r%gign%t%%a@%%t%&gc X%%atﬁwi% ol part in boron equivalent. The primary

particle diameter agnesium; oxide particle easured from the SEM photograph was 2.06 pm,
median size measured ¥R partitle 87%iZE ditibutiohtwas 3" ¢hm Spedificsarfadé didiietar
determined fromispecHicssurtacesaiea svass1.98412m farfid:aredian Size megsurech frons pdarticte size
distfibutionlspeg@iséé&s@gs@a@gkea&%e&%@%eegggomé@fgiﬂgéuﬂ@eﬁ areawas 197 D90 was
6.22un, 010 was 2.35um, and D90/D10 was 2.65. o .
13 tetraborate pentanydrate. The addition amount of lithium
tetraborate pentahydrate was 0.5 mol part inboron egquivalent.
The primary particle diameter of magnesium oxide particle —-c
measured from the SEM photograph was 2.11 um, median size
measured fromparticle size distribution was 4.28um, specific
20  surface dliameter determined from specific surface area was
2.02um, and median size measured from particle size
distribution/specific surface diameter determined from
specific surface areawas 2.03., D90 was 6.75um, D10 was Z.56um,
and DS0/D1U was Z.64.
[0073])
Example 4 Magnesium oxide particle -d

[
o

Magnesium oxide particle —d was obtainec by following
the same procedure as that of Example 1 except that sodium
tetraberate decahydrate was replaced with €.57 ¢ of potassium

30 tetraborate tetranhydrate. The addition amcunt of potassium
tetraborate tetrahydrate was 0.5 mol part in boron eguivalent.
The primary particle dlameter of magnesium coxide particle -d
measured from the SEM photograph was 2.16 um, median size

measured fromparticle size distribution was 4.34um, speciiic

LS
n

surface diameter determined from specific surface area was
2.06um, and median size measured from particle size

distributicon/specific surface diameter determined from



10[0072] Example 3 Magnesium oxide particle -c Magnesium oxide particle -c was obtained by
following the same procedure as that of Example 1 except that sodium tetraborate decahydrate was
replaced with 5.57 g of lithium 15 tetraborate pentahydrate. The addition amount of lithium, tetraborate
pentahydrate was 0.5 mol part in boron equivalent. The primary particle diameter of magnesium oxide
particle -c measured from the SEM photograph was 2.11 pm, median size measured from particle size
distribution was, 4,.28pp), SRecilic 20 S‘%:réaacx%ads'a?‘?e&? defeymined %9%@%6@;@%09 afeqyas
2.02pm, and median size measared from particle size distribution/specitic surface diamete

determined frofs$peeifit/ sUrfacésdrea vifas 2.03. 090 was 6.75pm, 010 was 2.56umh and 090/010 was
2.64. [0073] ExdmpleZ Magnesium oxide particle -d Magnesium, oxide particle -d was obtained

by following th%%g?&%roge%r&?esstb%o%@@@pgalr%%%pg that sodium tetraborate decahydrate was
replaced with 6.57 a oféE)otassium 30 tetraborate tetrahydrate. The addition amount of potassium

tetraborate’ tetrahydraté WS SHD1PAMIA Botdh eauRalént” #he Prindary Parfidle diameter st
magnesium, oxide: particte mmeasured fromithe SEM photograph wasZ:46 um,mediahcsize

measured from{partigle size distdbutionwas 4.34pm, specific 35,surface, diameter detgrnined from
specific surface area was 2.06pm, an mgdiagn sizeq[fr]_gasucggd from particle size distribution/specific
surface diamet&Fdétdiiined from - 22 Spedific Surface ares was 2.01.°D80 Was6.65pm. D10 was
2.48pm, and D9G/DITWAS P68 [00T 8 Example SMagnasiuriaaxidenpafticte 2du i Vaghesium
oxide partigle -gwas-ehtained py following thesame-procegise as that ekExample-t exceptthat
sodium tetraborate decahydrate was replaged with 5.66 g.of ammaonium tetrahorate tetrahydrate. The
addition amounr?%?glml?ﬁzﬁniﬁrﬁlot%trégér‘a%lé ftiet%é%yﬁ?gt%g\ﬁgs f?%g.mgl' gja?rt m ’o%gr%'é%q’"u&}\galgﬁt%%o The
primary particle"@iafietéof ArdyReditmcoxide particles ermeasured idm the’ SE/ pHotégraph was
2.16 pm, mediansiZze measied from particlersize distributionpwad 434 paprspecHicastrtacezdiameter

determined from spegific surface atea was,2,06pm, and median size.measured from particle size

15 distribution/specific surface diameter determined from
caurface areawas 2.01. D80 was ©.65um, DI0 was 2.48um,

and D90/D10 was 2.68.
{0075]
Example & Magnesium oxide particle -f

20 Magnesium oxide particle —-f was obtained by following
the same procedure as that of Example 1 except that the addition
amount of sodium tetraborate decahydrate was changed to 82.0
g o. The addition amount of sodium tetraborate decahydrate
was 5 mol parts in boron eguivalent. The primary particle

cl
25 diameter of magnesium oxide particle —f measured from the SEM

1]

photograph was 2.22 um, median size measured from particle
size distribution was 4.0Zum, specific surface diamster

determined from specific surface area was Z.31lum, and median

30 surface diameter determined from speciiic surface areza was
1.74. D%0 was 6.53um, D10 was 2.48um, and D90/DI0 was 2.63.
[co76]
Example 7 Magnesium oxide particle -g
Magnesium oxide particle —g was obtained by following
35 the same procedure as that of Example 1 except that the addition
amount of sodium tetraborate decanydrate was changed to 131.2g.

The addition amount of sodium tetraborate decahydrate was B



15 distribution/specific surface diameter determined from specific surface area was 2.01. D90 was
6.65pm, D10 was 2.48 and 090/010 was 2.68. [0075] Example 6 Magnesium oxide particle
20Magnesium oxide particle -f was obtained by following the same procedure as that of Example 1
except that the addition amount of sodium tetraborate decahvdrate was changed to 82.0 g 0. The
addition amount of sodium tetraberate decahydrate was 5 mol parts in boron equivalent. The primary
partice 25 diamster afmagnesium.adde nartile.f meagyreq from the SEM pholoaragh.yas 222 pm.
median size measured rom particle size distribution was 4.02pm, specific surface diameter
determined frof’spEMESUrfac e Freaswas 2 B1pht arfdl MEdian meaBuredffrom particle size
distribution/spegcifict30; surface: dmmete e deteyminett fromsspeeificesinfacecdaréaavasok. 741 098 was
6.53m, 010 wag 2.48pmand 0901 was 2,63, {0076].Example 7 Magresiimyaxide particle -g

Magnesium oxide particle -g was obtained by following 35 the same procedure as that of Example 1
except that the Sdditidh-amount oF sobftim fetfabiotate Gcatyttaté Was cHalie 51 3£ 25> The
addition amount bf sodims tetreabof atedavahydrate wasz8 midlggartssintboron egeaivaleht. The primary
particle diameter.ofrmagnesignrexide particle. :g,measured kpmthe SElvi phategraphayag 2:39 pm,
median size measured from partile ize distrbution,was 4.58am, specie suface diameter

determined from ‘'specific Surface aréa was Gpm,aand median size méasured from parficle ‘size
distribution/spec[ﬁbﬁﬂr}ace diameter determined from specific surface area was 1.86. D90 was

6.86pm, D40 was Zp8rmeand 29010 was; 268. A7 10Example 8 Magnesium oxide particle -h
Magnesium oxide partigle -h was obtained by following, the %%[gec%g%% e as that of Example 1
mount of sodidim e hydrat

except that the addition a f sodium t\ef’trgbora}e deca e was changed to 16.4g and the
baking temperatiie PaCdhanged {6 1600 € athet Example | except that the addltion

amount of sodium tetraborate decahydrate was chanaged to 16.49g
and the baking temperature was changed to 1000 °C. The

15  addition amount of sodium tetraborate decahydrate was 1 mol
parts in boron egquivalent. The primary particle diameter of
magnesium cxide particle ~h measured Irom the 3EM photograph
was 1.41 upm, median size measured Ifrom particle size
distribution wag 4.43um, specific surface diameter determined

200 from specific surface area was 1.50pum, and median size

H
Fh

measured from particle size distribution/specific suriace
diameter determined from specific surface area was 2.%5. DOC
was 6.62um, D10 was 1.76um, and DS0/D10 was 3.7¢.

foo78]

Example 9 Magnesium oxide particle -i

g8
tr

Magnesium oxide particle -1 was obtained by following
the same procedure as that of Example 1 except that the addition
amount of sodium tetraborate decahydrate was changed to 16.4g
and the baking temperature was changed to 1200 °C. The

30 addition amount of sodium tetraborate decahydrate was 1 mol
parts in boron equivalent. The primary particle diameter of
magnesium oxide particle -1 measured from the SEM photograph
was 3.14 um, median size measured IZrom particle size
digtribution was €.58um, specific surface diameter determined

35 from specific surface area was 3.28um, and median size
measured from particle size distribution/speciiic surface

diameter determined from specific surface area was 2.01. D30



15 addition amount of sodium tetraborate decahydrate was 1 mol parts in boron equivalent. The
primary particle diameter of magnesium oxide particle -h measured from the SEM photograph was
1.41 pm, median size measured from patrticle size distribution was 4.43um, specific surface diameter
determined 20 from specific surface area was 1.50urs, and median size measured from patrticle size
distribution/specific surface diameter determined from specific surface area was 2.95. 290 was
6.62pm,_210 w%%%.786pil1},u%nd B?g/[\)d%oswggg 7%,_10{:_‘\0@1@;05&@@9 9 Magn sium oxide particle --
Magnesium oxide particlé -1 Was obtained by oeﬂf)wmg the same procedure as that of Example 1
except that the dddfiticd amount of sodium tetraborate decahydrate was changed to 16.4g and the
baking temperaturenyas changed ic: $200h Co A he83Gadditian ametint of sodium tetraborate
dace-hydrate was 1 mqjpayts i horan equivalent. The primary patticle diameter of magnesium oxide

particle -1 measured from the SEM photograph was 3.14 pm, median size measured from particle size
distributiorr was-6 5SS dpetiticbinfaée didmbeter detdfthined S56m spedificSifate ared Was
3.28pm, and medianrsize measured freny particketsizeédistribdtion/speeificsurfacecdiametersd g

determined from,specific surface areawas:20%,290; 24 was 8-2pm.D1Q was 3.56pm.and DI0/D10
was 2.28. [OO79JCF£<qmpIe 10 MaIgLnesjym ogi(iqle particle %1 . Magnesium oxiq:e particle -lnw?s
obtained by following the saiie procedure as that of Example I except that the addition amoant of
sodium tetraborai& decanyeraterwad ichanged to 16.4¢amdrthedsaking 1émperatiréizschariged to
1400C. 710 additier: amount:of sodiurntetrakcrategecahydrate was & maokpatsinbberngquivalent.

The primary pa‘r}ig e gig&ete{pof ijh% glfaagtnegggg o%iggs%ggg%e ;jrrgrgaglérpgifg%@ t@% §gM photograph

was 8.61 um, median slze%rﬁetésure rom particle size distribution was 19.2um, specific surface
diameter deterrfiin@t fioii Shetifi@ Surfacé dieaSRas 9 01p M Bhd Fhedid siz € MBaSGred G particle
size distributionfspecificsuriate-1 % diafreter detesmined féart specifierstiriace atea was<2.13. 090 was

25.3pm, 010 W%%\E@PQ& W@%%Ql‘q W@?@Z'ég'z@oégktribution/sp@cific surface
15 diameter determined from specific surface area was 2.13. D80
was 25.3um, D10 was 11.%um, and DS0/D10 was 2.12.
{0080}
Example 11 Magnesium oxide particle -k
Magnesium oxide particle —k was obtained by following
20 the same procedure as that of Example 1 except that the addition
amount of sodium tetrabeorate decahydrate was changed te 16.4g
and the baking temperature was changed to 1600 °C. The
addition amount oif scdium tetraborate decahydrate was 1 mol

parts in beron equivalent. The primary particle diameter of

b2
LA

magnesium oxilae particle -k measured from the SEM photograph
was L12.1 um, median size measured from particls si:ze
distributionwas Z23.5um, specific surface diameter determined
from specific surface area was 13.0um, and median size
measured from particle size distribution/specific surface
30 diameter determined from specifiic surface area was 1.81. D&0

was 29.8um, D10 was 18.Zpm, and DSO/DI10 was 1.64.

[oo81]

Exampie 1Z Magneslum oxide particle -1

Magnesium oxide particie-b 100 g obtained in Examplie

35 Z was redispersed in 100 ml of methanol {(manufactured by Wako
Pure Chemical Industries), (.02 g of aceticacid {(manufactured

by Wako Pure Chemical Industries) and 1 g of



Example 11 Magnesium oxide particle -k Magnesium oxide particle -k was obtained by following 20
the same procedure as that of Example 1 except that the addition amount of sodium tetraborate
decahydrate was changed to 16.4g and the baking temperature was changed to 1600 C. The addition
amount of sodium tetraborate decahydrate was 1 mohparts in boron equivalent. The primary particle
diameter of magnesium oxide particle -k measured from the SEM photograph was 12.1 um, median
size measured fiom patie sige gistuibution was,23.5pm Specific:sulage dameter delerpined from
specific surface &red was 13. pm, and median size measure(? rom particle size distribution/specific
surface 30 diarhé@F geterrined frbm st aGfsce ardd'fas £ 84 69078 D9-8m0ibiWas
18.2pm, and 090/810mias 16400081 Exampiewk2 Magnesium oxide particte;-tcr an hdMagnesium
oxide particle-bc10Q g pbtajped aﬂfﬁfﬁ%'e&ﬁé 2 wasLedispersed in, 100 mi of methanol (manufactured

by Wako PureChemicallndustries), O .of acetic acid (manufactured. by Wako Pure Chemical
Industries) and ¥°§ bt 25 @A NEth SRy SIEnE TKBMEST03C manifatturéd By SHIF-EIST ERémical
Co., Ltd) were addet: Tiwermixture-way agitatedawith the sddition-ofct §of puss water: Aftee, agitating
for an houf filtratign,, drying, .@nd pulyerization ywereperformed:to obtain-magnesiuataxide paricle-1.
The obtained magnesium oxide par?;icle&lk\l/vqs algced ina themg-hc}/dtgstart a tt}eo'&ergngp%rgtlgg of 85C
and the humidity of 855 "ad 2Range i weight Was observed but welght increass was not found after
500 hours. 10[0082] Gonfsarative Example 1 Magnesium oxide particle -m Magnesium, oxide
particle -mgwas pptaingd by following the same procedure as that of xample 1 except that the addition
amount of sodium tetraborate de rate.wg d to 2 15 g and the baking temperature was
changed to 120%5I 8?‘?‘%% éégﬁiofﬁ%gn%%lr%tﬁ s% %Rn%%gt?‘a‘ o?%tgéd%qa i“/d%%é%ﬁS%.% mol part in
boron equivalent. The pHiR&Satticlerdidfmetérof riagneSiulféxite patidé -my méastr&d Hom the
SEM photograptrwas::9% b2t cmedian size meastiwedifrom particker20:3ize disteibutidhtwas: 3.26pm,
specific surface.dimeter, determingd from specific susface area-was 1,95pm, andmedian oo

i

LA

g and the baking temperature was changed to 1200 °C. The
addition amount of sodium tetraborate decahydrate was 0.05
mol part in boron equivalent. The primary particle diameter
of magnesium oxide particle -m measured from the SEM
vhotograph was 0.98 um, median size measured from particle
20 gsize distribution was 2.26um, specific surface diameter
determined from specific surface arsa was 1.05um, and medlan
size measured from particle size distribution/specific
surface diameter determined from specific surface area was
3.10, DY%C was 6.21um, D10 was 1.38um, and DYO/D10 was 4.50.
25 [oosz]
Comparative Example 2 Magnesium oxide particle -n
Magnesium oxide particle -n was obtained by fcocllowing

The same procedure as that of Example 1 except that sodium

ot
t

4

straborate decahvdrate was not added and the baking

30 temperature was changed to 1200 °C. The primary particle
diameter of magnesium oxide particlie ~n measured from the SEM
photograph was (.76 um, median size measured from particle
size distribution was 3.02um, specific surface diameter

determined from specific surface area was (.7%um, and medlan

(¥
h

size measured from particle size distribution/specific
surface diameter determined from specific surface area was

3.82. D%0 was 5.88um, D10 was 1.23um, and DS0/D1C was 4.78.



size measured from particle size distribution/specific surface diameter determined from specific
surface area was 3.10. 090 was 6.21um, 010 was 1.38m, and 090/010 was 4.50. [0083] Comparative
Example 2 Magnesium oxide patrticle -n Magnesium, oxide particle -n was obtained by following
the same procedure as that of Example 1 except that:godium tetraborate decahvdrate was not added
and the baking 30 temperature was changed to 1200 C. The primary particle diameter of magnesium
oxide particle -7%@8?§qured from the SEM photograph was 0.76 um, median size measured from
particle size disttibutiorl was 3.02pm, specific surface diameter determined from specific surface area
was 0.79pm, afd#Tei&s 35 siZ&°mefasured from particle size distribution/specific surface diameter
determined from specific=surfage areaiwas:3.82=090avas 5:88pn,Q1 0 was & 28pmEand<0207/010 was

4.78. 26 [0084]5%%@@@5%%1%&01%0 naReSi molded asticles.were prepared.by mixing EE A resin

(Rexpearl A-1150 manufactured by Japan Polyethylene Corporation) and magnesium oxide particles
of Examples 1 t° 12 &t 160 ¢ as SHowWrfiR Fabte'd %%%%E%%ﬁ%fﬂmﬁ%ﬁﬁeﬂe holded to
be molded articlés with500mih 2 raimo(diameter xithickhess): Theemakeonduetivitycof.thentiolded

articles were measured, In-addjtion.thermal.conguctivity 10-was raeasured at 25:G-accarding to the
method with heat flow metgr.x[0g§_15l Exgmple 25 Rgiin moléjgg%rgglg V\{%sﬁp{(arpmarr%g by mixing
EEA resin (Rex@%ﬁﬁrﬁﬁso manufactured by Jgpa%IBSIye%ﬁene Corporation) and mixture of
magnesium oxidée particies oRExamples 8arth| af L66C a5 shown iR bl 1 aitlhen pressure
molding. This wasanglded tede a: molded agticle withrb auntn2 m-(diameter x thicknessy«Thermal
conductivity of %}g %Ormolded article was measured. In addition, thermal conductivity was measured at
25 C according to the method with heat flow meter. 10086] Example 26 15Resin molded article was
prepared by mixkPEEA resin
Example 25
Resin molded article was prepared by mixing EEA resin
13 (Rexpearl A-1150 manufactured by Japan Polyethylene
Corporation) and mixture of magnesium oxide particles of
Examples 8 and 11 at 160 °C as shown in Table 1 and then pressure
molding. This was molded to be a molded article with 50 mm
x 2 mm (diameter x thicknoess). Thermal conductivity of the
20 molded articls was measured. In addition, Thermal
conductivity was measured at 25 °C according to the method
with heat flow meter.
[oo86]
Example 26
25 Resin molded article was prepared by mixing EEA resin
(Rexpearl A-1150 manufactured by Japan Polvethylens
Corporation), mixture of magnesium oxide particles of
Examples 8 and 21, and magnesium oxlide manufactursed by Sakail
Chemical Industry (SEM diameter 0.lum) at 160 °C as shown in
30 Table i and then pressure molding. This was molded to be a
molded article with 50 mm x 2 mm (diameter x tThigcxnsss).
Thermal conductivity of the molded article was measured. In
addition, thermal conductivity was measured at 25 “C
according to the method with heat flow meter,
[cog7]
Comparative Example 3

(VR
L

Thermal conductivity was measured by following the same



(Rexpearl A-1150 manufactured by Japan Polyethylene Corporation), mixture of magnesium oxide
particles of Examples 8 and 11, and magnesium oxide manufactured by Sakai Chemical industry
(SEM diameter 0.111m) at 160 C as shown in 30 Table 1 and then pressure molding. This was molded
to be a molded article with 50 mm x 2 mm (diameter %-thickness.). Thermal conductivity of the molded
article was measured. In addition, thermal conductivity was measured at 25 C according to the method
st heat flow Metel2R100%7] Compargiive Bxampie 3 Themel couluctyy s measiied by
following the same procedure as that ofiﬁxgmple 3 that maghesium oxﬁe particle was not added
and the result Was§ shéwn 5 FaBlef1.0088] EEfiparatveEXxample 4% 6 22 1 Thermal conductivity
was measured Hyfodlelving the same procedure as that of Example 13 except that magnesium oxide
particles were gmgggatgi%mmgggeregug%wgre shown in Table I. In addition, the numeric values
in Table mean the average particle diameter of alumina. 10[0089] Table 1 [0090] Example 27 Epoxy
resin (JER 828 manufactbifed By JAPANEPDXY RESIN'ES > 1@ cu¥ing ag&it foP époky it (ER
CURE ST 12 mamufactured by JAPAN EPDXYrRESIN CozAddpandithe rmegresiumoxide. particle-j of
Example 10 were mixed as shown in Jable2, angithe oblained mixture was injested intq-a die with 50
20 mm x 2 mm (diameter x Lic)cn sg)ﬂ,mand,hegt treated at 80 C. for 3 hqurs(Itok)QpLain a mo{?neﬁd article.
The thermal condtictivity of the Mofded atticle Was Hibastrad and e result Was shown in Table 2.
average particle diameter of alumina.

Table 1
} Cu"moara‘th: . Example EGnmpara‘tiv& Examplel
H ExXSmpie H H
: 5 Woots N8 1 B G otT %} 18 a0 ;o 21 1 Zr i 23] 24 L 28 L m | 4 | & £
EFfiresn ¢ 108 10 e e f oAy o 10 0 10 L 10 e e o 1a | 1e b 0 f $0 0 1p ok 1o
. 555 i : : '
P 598
: HEER
= + N
€ 6o : 585 5
& e : T i
.
= 1 B4
53
z i N
# 555 ) 178 t4g
E 505
z i i 5a3
9. i H .
o 585 4171 87
T | Magnesiume oxide |
< ¢ manufactured by ¢

¢ Szkal Chemcal ! : . ; : : : Lode | ! [
| industry (SEW ! ; ] i | i ] i ; I
| diameter {1 prm) | : : i i : : : i

i Aluminz 20 g | : : . i | : ; i : i eas!

i Alurmins 10 1 m ' i . : | . ; i [ B85

| Adumina 8.8 g | [E14

{ Filler (votume 5 | o 828 | 8280 526 | 629 + 629 | 62 | 629 | 62.6 1 426 ¢ 629 | 62% | 629 | 620 1 626 | 538 | 5BE B

Thermez ‘
| congustivity  : 0.7 P2E 33 ) 3% 1 83 33
ek

[ocso]
xample 27

33 fes ooayocome boar e loar]oae | oge ogro it s |
i H . : i H i i H

t=

o
]

poxy resin (3ER 828 manufactured by JAPAN EPOXY RESIN
Co., Ltd), curing agent for epoxy resin (JER CURE ST 1Z
manufactured by JAPAN EPOXY RESIN Co., Ltd) and the magnesium
oxide particle~3 of Example 10 were mixed as shown in Table
2, and the obtailned mixture was injected into a die with 306

20 mm x 2 mm (diameter x thickne=zz) and.heat treated at 80 °C for
3 hours to obtain a molded article. The thermal conductivity
of the molded article was measured and the result was shown

in Takle Z.



28 [0091] Comparative Example 7 Thermal conductivity was measured by following the same
procedure as that of Example 27 except that the magnesium oxide 5 particle-j was replaced with
alumina 10 pm. The result was shown in Table 9. [0092] Table 2 10[0093] Example 28 Silicone
resin (KE-103 manufactured by Shin-Etsu Chemical Gg., Ltd), curing agent for silicone resin (CAT-103
manufactured by Shin-Etsu Chemical Co., Ltd) and the magnesium 15 oxide particle-j of Example 10
were mixed as 1!%,\(!3 sT Table 3, and the obtained mixture was pressure molded at 150 C for 30
minutes to obtaih a resin composition. Then, the resin composition was further molded to obtain a
molded article WREEDGH-X 2 rmfREfarfeter x thickness). Thermal conductivity of 20 the molded
article was measured and-theaesutiwas-shewn inWabbe3: 2094} Contpdrative Exarmples8rddiermal
conductivity was, measured by follawing fe.same 25 proceduireasthatgfExample28 except that the

magnesium oxide particle replaced with alumina 10 pm, The result was shown in Table 3. [0095] Table

3 5  particle-7 was replaced with alumina 10 um. The result was
shown in Table 2.
[0032]
Table 2
§ Example | Comparative |
5w & i Example 7 |
pi :‘"ﬁ: Epoxy resin 1z 1z
- ®e zgent fer epoxy resil £ 3 4
T om 2 - — - curar ]
& wide particis of Exampls 10 17.4
Alumine 10 um 2 i
Pillexr (volums %) 2z 25
Thermal conductivity (W/m K} 0.6 0.3
10 [ooes]
Example 28

Siiicone resin (KE-103 manufactured by Shin-Etsu
Chemical Co., Ltd), curing agent for silicone resin (CAT-103
manufactured by Shin-Etsu Chemical Co., Ltd) and the magnesium

15 oxide particle-j of Example 10 were mixed as shown in Table

-4

2, and the obtained mixture was pressure molded at 150 °C for
30 minutes to obtain a resin compesition. Then, the resin
composition was further molded to obtain a molded article with
50 mre x 2 mm (diametery x thicsness) . Thermal conductivity of
20 the mclded article was measured and the result was shown in
Table 3.
[0094]
Comparative Example 8
Thermal conductiviiy was measured by following the same
25  procedure as that of Examplie 28 except that the magnesiumoxlds
particle replaced with alumina 10 um. The result was shown
in Table 3.
[0095]
Takle 3



29 tddler (volume Thermal conductivity dO [0096] Example 29 Silicone oil (KF-99 manufactured by
Shin -su Chemical 5 Co., Ltd) and the magnesium oxide particle-j of Example 10 were mixed as shown
in Table 4 to obtain an exoergic grease. Thermal conductivity of the exoergic grease was measured

and the result was shown in Table 4. [0097] 10 Comparative Example 9

Thermal conductivity was

measured by following the same procedure as that of Example 29 except that the magnesium oxide

particle-j was replaced wj

th alumina 10 pm_The result was shown in Table 4_[0098] Table-4.[0099]
Example 30 20As showaple 5, epoxy resin (JER 828 manufactured by h:]’ﬁii’m EEPWWYPE N Co.,
Ltd), toluene an cEthEdng(1n99|llm madpdnartmlp ;.of Example 10 were rhcnprcpr h“gx ?ﬁé‘ppr btain an
exoergic coatin itthb@s* raldSRRE i iof the exoergic CO'“::.'.‘.,g compesitionwas

3 7,___'C*\_‘r Ing acent LD} &ilifong resin i T
measured and 1@ T WL 2 IO |aw i dVEYSamp e L0 521
Blumina 10 um G
! Filler (volume %! 50 50U
5 Thormal conductivity (W/m-! Z.1 L4

[0096]
Example 29
Siliceone oil
3 Co., Ltd)

were mixed as shown in Table 4 to obt

(KF-99 manufactured by Shin-~Etsu Chemical
and the magnesium oxlide particle-3 oI Example 1C

ain an exoerglv grease.

Thermal conductivity of the exoergic greass was measured and

the result
[0097]

Comparative Example ©

was shown in Table 4.

10

Thermal conductivity was measured by following the same

procedure as that of Example 2% except that the magnesium oxide

particle-] was replaced with alumina 10
shown in Tabie 4.
15 [o098]

Table 4

LI

The result

wWas

Comparative
Sxample ©

[00099])
Exampls 30
20 Ls shown in Table 5,

by JAPAN EPOXY REEIN Co.

epoxy resin
, Ltd
particle-j of Exampie 10 were dispersed
an exoergic coating composition.

o~
[

the exoergi

[
[

was shown in Table 5.
[c100]

Comparative Example 10

(JER 828 manufactured

), toluene and the magnesium oxlde

pv disper to obtain

The thermal conductivity of

coating composition was measured and the result



Comparative Example 10 30 Thermal conductivity was measured by following the same
procedure as that of Example 30 except that the magnesium oxide particle-j was replaced with
alumina 10 um. The result was shown in Table 5. 5[0101] Table 5 -Live 30trample 10 Epoxy resiné.
Toluene Si'OXTole ofa zpie IL: | dumb5 Thermal. conguoti.vitv [0102] Judging from the results shown
in Tables 1to 5, it is 10 apparent that the exoergic filler of the present disclosure has superior
performances to the expergic filers which ate widely ised, I j3 apparent thal the exostali fler of the
present disclosure is able 1o prowcPe t%e exoergic property, no matter how great or small of addition
amount of the EXCEFGRUISTiIfst. IRDUSTRIBIMAPPEICABHFPY that the magnesium oxide

particle-j was replaced with alumina 10 pm. The result was

shown in Tabls 5.

5 [oxo1]
Table ©§
T R H - . t
1 Examele | Comparative |
o ; 30 Bxample iU
o Epoxy resin 6.3 &l
o Toluens L. N
g ‘ . e y - -
& Magnesiarm oxnide particle of Eunampls 10 34
Rluming 10 um ! 40
Fiilier {vciume %) 35 ] 35
Tnermal conductivity (W K i.4 i H.a

Judging from the results shown in Tables 1 to 5, it is

of
ct
s
o
ot
ot
ing
D

10 apparen exoergic filler of the present disciosure

has superior performances to the excergic fillers which are
widely used. It is apparent that the excergic filler of the
present disclosure is able to provide the exoergic property,
no matter how great or small of addition amount of the exosrgic

filler.

[y
N

INDUSTRIAL APPLICABILITY
[0103]
The magnesium oxide particle of the present disclesure
20 is used suiltably as the exosrgic filler. 1In addition, the

such as rubber

ot
,41
O
o]
wn

icle can be used for applicati

1
accelerators, pigments for coating compositions and inks, and

=
i
Q

itcinal products.



[0103] The magnesium oxide particle of the present disclosure 20 is 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, and medicinal products. 31 CLAIMS 1. A magnesium oxide particle
having (median size)/(specific surface diameter obtaigied from specific surface area) ratio of 3 or less
and D90/D10 of 4 or less. 2. The magnesium oxide particle according to Claim 1, obtained by baking
magnesium hydroxide in the presence of borio acr% r éalt thereof at 1000 to 1800 C. 10 3. The
magnesium oxide particle according to Claim, 1 or 2, obtained by mixing magnesium: hydroxide and
0.1 to 10 mol parts of -boric acid or a salt thereof in boron equivalent relative to 100 mol parts of said
magnesium hydroxidesajc: $Shaking the mixturec4 =Thevmagnesiem;. exidel particlesaceoiding to Claim
2 or 3, wherein the,haric acid, oL g Salt thereafiis af leastone compound, selecied jrom the graup

consisting of lithium 20tetraboratepentahydrate, sodium tetraborate decanydrate, potassium,
tetraborate tetrahydfate, 8hd afimoAlM I%%r%ﬁg?&e?étréhﬁat}e.e?ﬁe magnesium oxide particle
according to anyone of Claims 1 to 4, obtained by surface treatment. 6.A method for producing a
magnesium oxigle padicle comprising paking magnesiug-hydroxide inthe presence gt horic.acid or a
salt thereof at 1000 to 1800 C to obtain.30the magnesium oxiqle particle aggordrjrgg_qtg,,g(;lq,[mé to 5. 7.
The method for prédu€ing’a magresium Sxide %ﬁgt?’cjféj according fo CIaim'e, comprising mixing
magnesium hydroxide angz0.1 t& 10:186lpaits fbbtictacid 86F & saft thereof in 35boron equivalent
relative t0;300 mol parts of said magnesium

3. The magnesium oxide particle according to Claim 1 or Z,
obtained by mixing magnesium hydroxide and 0.1 to 10 mol

parts of Loric acic

]
O

r & salt therecf in boron egulvalent
relative to 100 mol parts of sald magnesium hydroxide and

15 baking tThe mixture.

4. The magnesium oxide particle according to Claim 2 or 3,
wherein the bovic acid or a salt thereof is at least one
compound selected from the group consisting of lithium

20 tetraborate pentahydrate, sodium tetraborate decahydrate,
potassium tetraborate tetrahydrate, and ammonium

tetraborate tetrahydrate.

(8]

. The magnesium oxide particle according to any one of Claims

o
(93]
-

to 4, obtained by surface treatment.

6. & methed for producing a magnesium oxide particie

comprising baking magnesium hydroxide in the presence of

oy

e T e

T8 a

24 or a salt thereof at 1000 to 180C °C to obtain

30 the magnesium oxide particle according tc Claim 1 to 5.

7. The method for producing a magnesium oxide particilie
according to Claim €, comprising mixing magnesium hydroxide

and 0.1 to 10 mol parts of bovic 20ic or a salt thereof in

D

33 boron eguivalent relative to 100 mol parts of said magnesium

hydroxide and baking the mixture.



hydroxide and baking the mixture. 32 8. The method for producing a magnesium oxide particle
according to Claim 6 or 7, wherein the boric acid or a salt thereof is at least one compound selected
from the group consisting of lithium tetraborate pentanydrate, sodium tetraborate decahydrate,
potassium tetraborate tetrahydrate, and ammonium tetraborate tetrahydrate. 9. An exoergic filler
comprising the magnesium oxide particle according to any one of Claims | to 5. 10. A resin

composition copising fhe magnesiug oxide partcle apegreing 9.2y o0e AL Elais Lo 5. 1. An

exoergic grease comprising the magnesium oxide particle according to any one of Claims | to 5. 12.

An exoergic coatindCothpesdifioh TomPrsing e maghuditin BxidE particts a-E4fliRg © &Ry bne of

Claims 1to S. therecf is at least one compound selected from the group

consisting of lithium tetraborate pentahydrate, sodium

)]

tetraborate decahydrate, potassium tetraborate

tetrahydrate, and ammonium tetraborate tetrahydrate.

el

. An exocergic £iller comprising the magnesium oxide particie

according to any one of Claims 1 to 3.
10
10. L resin composition comprising the magnesium oxide
particle according to any one of Claims 1 to 5.
11. An exoergic grease comprising the magnesium oxide
13 particle according to any one of Claims 1 to 5.
1Z. An exoergic coating composition comprising the

magnesium oxide particle according to any one of Claims 1

o o,



