
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 industrial fields such as rubber accelerators, pigments for
coating compositions and 20 inks, and medicinal products. As one of various applications of this
magnesium oxide, an exoergic filler has been proposed (see Japanese Kokai Publication 2009-7215,).
[0003]        Alumina and aluminum nitride are usually used widely as the exoergic filler. However,
alumina has a problem that kneading machines become extremely worn in the production process of
exoergic sheets and so on, because 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 expensive, so exoergic parts made thereof are expensive. Therefore, new exoergic
fillers which are made of other materials than such conventional materials are needed. [0004]
35.There is 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 a 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 described. [0005] 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 of the magnesium
oxide other than the exoergic filler. [PRIOR PATENT DOCUMENT] [PATENT DOCUMENT] 20[0006]
[PATENT DOCUMENT 1] Japanese Kokai Publication 2009-7215 DISCLOSURE OF INVENTION
OBJECT OF THE DISCLOSURE 25[0007]        The object 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 exoergic filler and the like. 30 PROBLEM TO BE SOLVED BY THE
INVENTION [0008] 



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.        The 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.        The boric acid, or a salt thereof is preferably at least one compound selected from the
group consisting of lithium JO tetraborate pentahydrate, sodium tetraborate decahydrate, potassium
tetraborate tetrahydrate, and ammonium tetraborate tetrahydrate.        The magnesium oxide particle
is preferably obtained by surface treatment. 15[0009] The present disclosure relates to a method for
producing a magnesium oxide particle comprising baking magnesium hydroxide in the presence of
boric acid or a salt thereof at 1000 to 1800 00 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 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 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 particle.             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        The present disclosure relates to
an exoergic coating composition comprising the magnesium oxide particle. EFFECT OF THE
INVENTION [0011] The magnesium oxide particle of the present disclosure can be highly-filled up in a
material forming a matrix, it showing sharp particle size distribution and being controlled about the
level of particle aggregation. 10 Therefore, it can be used as a superior exoergic material.
Furthermore, the magnesium oxide particle can be used in the fields of rubber accelerators, pigments
for coating compositions and inks, and medicinal products. 15 DETAILED DESCRIPTION OF
PREFERRED EMBODIMENTS [0012] 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 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 levels, is desired. The inventor has completed the present disclosure by finding the
particle satisfying the above mentioned parameters to be suitable for the object. [0014] 35Furthermore,
it is preferred to use several magnesium oxide particles having different particle diameter on t basisat
partic...a an am.e.tanshane toan. are  control led,as mentioned above, because higher filling rate can
be achieved and good exoergic property can be obtained. [0015] 



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 diameter, the SSA diameter being particle diameter
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 15 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 exoergic material. The magnesium oxide particle of the present disclosure has
20(median size)/(SSA diameter) ratio of 3 or less, the ratio is preferably 2.8 or less, more preferably
2.7 or less. [0016]        The magnesium oxide particle of the present disclosure has D90/D10 of 4 or
less, the particle size distribution 75 thereof being sharp. As mentioned above, the particle having
sharp particle size distribution is preferred because a filling rate is controlled easily and a composition
showing high exoergic property can he obtained easily. The D90/D10 is more preferably 3.9 or less.
30[0017] In the magnesium oxide particle of the present disclosure, a secondary particle is formed by
aggregating comparatively fewer primary particles and the ratio of 090 to 010 is smaller than
conventional magnesium oxide particles 35(that is, particle size distribution is sharp). This magnesium
oxide particle is not publically known and is obtained by the inventors for the first time.  



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% in the cumulative particle size distribution. 010,
050, and 090 are values determined by measuring the particle size distribution, respectively. The 10
particle size distribution is measured by using laser diffraction particle size distribution analyzer
(Microtrac MT 3300 EX manufactured by NIKKISO C0.,LTD) according to the present disclosure.
[0019] 15The SSA diameter is a value determined from BET specific surface area measured by usual
methods, based on the presupposition that the particle has spherical shape. [0020] As for the
magnesium oxide particle, particle diameter 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 broad particle diameter as mentioned above can be used as an exoergic material, and it
may be an arbibone that is needed for high filling rate. [0021] As for the magnesium oxide particle,
particle diameter thereof is not particularly- limited. However, the SSA diameter thereof is preferably
0.1 to 15 um, the lower limit 30 is more preferably 1 um. That is, the particle having the broad particle
diameter as mentioned above can be used as an exoergic material, and it may be an ardol d one that
is needed for high filling rate. [0022] 35The particle shape of the magnesium oxide particle of the
present disclosure is not particularly limited, but includes needle shape, bar-like shape, plate-like
shape,  



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 thereof is preferably 0.1 to 15 pm,
thelowerlimitismorepreferably 1 pm. That is, the particle 10 having the broad particle diameter as
mentioned above can be used as an exoergic material, and it may be an rJ.v-s.izec., one that is
needed for high filling rate. 10024] The primary particle diameter can be measured by the 15 following
method described in Example for detail. [0025] The magnesium ox de parti le of the present dis to sure
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. 10026] 



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/electronic industry material. [0027] According to the
above mentioned state, the surface      treatment is preferably performed by using an alkoxysilane 35
expressed by the following general formula (1).  10028] R14_,Si(OR2)fl(1)  8 [0029] In the formula, Ri
is an alkyl group, phenyl group, or a fluoroalkyl group, of which a part of the livdrogen atoms fluorine.
The alkyl group or fluoroalkyl group has I to 10 carbon atoms. R2 is an alkyl group having 1 to 3
carbon atoms. N is 2, 3, or 4. 



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 layer of 0.1 to 20 weight 3 relative to the magnesium oxide particle on the surface. By
applying such treatment, 20 water resistance property and acid resistance property can be 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 of licie acid or a salt
thereof. This method for producing the magnesium oxide particle is one aspect of the present
invention. This production of magnesium oxide by baking in the presence of boric acid or a salt thereof
is preferred because 30 the magnesium oxide particle having the specified (median size)/(SSA
diameter) ratio and D90/D10 and having the desired particle diameter as mentioned above, is easily
obtained by adjusting the addition amount of boric acid or a salt thereof 



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 particle diameter of 0.05 to 2 pm. The average 10 particle diameter of the
magnesium hydroxide is 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 15 is not particularly limited as for its origin but includes natural products obtained by
pulverizing natural minerals, synthetic compounds obtained by neutralizing a water-soluble
magnesium salt in water using alkaline substances and so on. Preferably, the latter, synthetic
compounds are used. In the 20 production of the synthesis compounds, the water-soluble magnesium
salt includes, for example, magnesium chloride, magnesium sulfate, magnesium nitrate, and
magnesium acetate. The alkaline substance includes, for example, sodium hydroxide, potassium
hydroxide, and ammonia. According to the present disclosure, this alkaline substance is usually used
in the range of 0.8 to 1.2 equivalents relative to 1 equivalent of magnesium_ salt. [0035] In the present
disclosure, for producing magnesium 30 hydroxide by reacting a water-soluble magnesium salt with an
alkaline substance in water, a slurry containing precipitation of magnesium hydroxide is obtained by
reacting 1 equivalent of water-soluble magnesium salt with 0.8 to 1.2 equivalents, preferably 1.0 to 1.2
equivalents of alkaline 



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. [0036] The method for producing a
magnesium oxide particle of 10 the present disclosure is characterized by baking in the presence of
boric CoCci or a salt thereof. In the production of inorganic particles, the baking in the presence of flux
maybe 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 the obtained magnesium
oxide particles became sharper than when other compounds were used as flux. [0037] Preferably, the
boric acid or a salt thereof is added 20 in the amount of 0.1 to 10 mol parts in boron equivalent relative
to 100 mol parts of magnesium hydroxide. If the addition amount is less than 0.1 mol part, energy
costs increase because it becomes difficult for the particle to grow. If the addition amount exceeds 10
mol parts, productivity is 25 poor because many coarse particles occur leading to a decreased yield
ratio of desired products. The magnesium oxide particle having the desired particle diameter can be
obtained by adjusting the addition amount of boric acid or a salt thereof and the reaction temperature.
For small 30 particle diameter, preferably, the addition amount of boric acid or a salt thereof is
decreased and the reaction temperature is lowered. For large particle diameter, preferably, the
addition amount of boric acid or a salt thereof is increased and the reaction temperature is raised.
35[0038]        The boric acid or a salt thereof is not particularly limited but includes, for example, boric
acid, zinc borate  11 3.5 hydrate, ammonium borate octahydrate, potassium borate, calcium borate n
hydrate, triethanolamine borate, sodium borate, magnesium borate n hydrate, lithium borate,
ammonium tetraborate tetrahydrate, sodium tetraborate, sodium tetraborate decahydrate, potassium
tetraborate tetrahydrate, manganese (II) tetraborate, lithium tetraborate anhydrous, lithium tetraborate
n hydrate. The borate salt may be hydrate or anhydride. As the boric acid or a salt thereof, lithium
tetraborate pentahydrate, sodium tetraborate decahydrate, 



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 acid and an ammonium salt and/or ammonia
aqueous 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 hydroxide, lithium salts, lithium hydroxide, potassium salts, potassium hydroxide,
ammonium salts, ammonia aqueous solution, zinc salts, such amine salt compounds as
triethanolamine salts and/or metallic hydroxides. 75 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 example, the other is added during the baking) . [0040] 30The
magnesium oxide particle of the present disclosure is produced by mixing the magnesium hydroxide
with the boric acid or a salt thereof in public methods and baking the obtained mixture. The mixing is
not particularly limited but 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. When the temperature is less than 1000 C, it is not preferred because
particle diameter may not increase sufficiently. When the temperature exceeds 1800 C, it is not
preferred because many coarse particles occur and yield may be decreased. [0042]        The
magnesium oxide particles obtained by the above method have a sharp particle size distribution, but
the magnesium oxide particles may be pulverized or classified 10 using a sieve if sharper particle size
distribution is required or in order to remove a few coarse particles. The method of pulverizing is not
particularly limited but includes the method using an atomizer mill for example. The classification using
a sieve is not particularly restricted 



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 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 is used in such known applications
as exoergic resin compositions, exoergic greases and exoergic coating compositions. [0045] 30When
the magnesium( oxide particle of the present disclosure is used as an exoergic filler, several
magnesium oxide particles which are different in particle diameter and satisfy the requirements of the
present disclosure may be mixed to use. More specifically, there may be mentioned 35 magnesium
oxide particles obtained by selecting magnesium oxide (a) andmagnesium oxide (b) so that the particle
diameter ratio ((a)/(b)) is remained within the range of 4-1c: (a) / (b)  13   20, and mixing them so that
the weight ratio((a):(b)) is remained within the range of 5:5 to 9:1, wherein the magnesium oxide
particle (a) has primary particle diameter of 1 to 15 pm, measured by the method using the image
taken with the Scanning Electron Microscope and the magnesium oxide particle (b) of 0.05 to 4 pm.
[0046]        Three or more magnesium oxide particles may be used in combination. When three
magnesium oxide particles are used 10 in combination, there may be mentioned magnesium oxide
particles obtained by selecting magnesium oxide (a), magnesium oxide (b), and magnesium oxide (c)
so that the particle diameter ratios satisfy the two parameters, that 4-1=1)-(a)/(b)(21S20 and 4=9 (b)
/(c) 20, and mixing them so that the 



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 0.01 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 good filling ratio 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
exoergic filler, the particle may be used in combination with other components. The other components
which may be used together, include other exoergic fillers than magnesium oxide such as metal oxides
including zinc oxide, titanium oxide and aluminum oxide, aluminum 35 nitride, boron nitride, silicon
carbide, silicon nitride, titanium nitride, metallic silicon, and diamond, resins and surfactants.  14 [0049]
When the magnesium oxide particle is used as an exoergic filler, the particles can be used in the form
of a resin composition obtained by mixing with a resin. Such resin composition is one aspect of the
present invention. In this case, the resin may be a thermoplastic resin or a thermosetting resin and
includes epoxy resins, phenol resins, polyphenylene sulfide resins (PPS), polyester resins,
polyamides, polvimides, polystyrenes, polyethylenes, polypropylenes, 10 polyvinyl chlorides,
polyvinylidene chlorides, fluorine resins, polymethyl methacrylate, ethylene/ethyl acrylate copolymer
resin (SEA), polycarbonates, polyurethanes, polyacetals, polyphenyiene ethers, polyether imides,
acrylic nitrile-butadiene-styrene copolymer resin (ABS), liquid 15crystal resins (LCP), silicone resins,
acrylic resins and other resins. [0050] 



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. [0051] 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 of the resin composition such as thermal conductivity, hardness and so
on. In order to express the exoergic property 30 of the magnesium oxide particle sufficiently, the
addition amount of the particle is preferably 10 to 90 volume % relative to the total solid matter of the
resin composition. The addition amount can be adjusted according to the needed level of exoergic
property. For the application required better 35 exoergic property, the addition amount is more
preferably 30 volume I or more, and still more preferably 50 volume % or more.  [00521        In the
resin composition of the present disclosure, the resin component may be selected in accordance to the
use. For example, when the resin composition is placed between the heat source and the exoergic
plate to make them stick together, resins having high adhesion property and low hardness such as
silicone resins and acrylic resins can be selected. [0053] When the resin composition of the present
disclosure 10 is a resin composition for thermal molding, the resin composition may be produced by
the method comprising melt-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 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 a
thermosetting 20 resin and the magnesium oxide particle following thermosetting, it is preferably
molded by pressure forming. Such method for producing the resin composition is not particularly
limited, but includes the method molding the resin composition by transfer molding. [00551 



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 components, such as MPU, power transistor,
transformer to the exoergic components such as exoergic fins and exoergic fan, and can be placed
between the exothermic electronic components and 35 exoergic components. This will allow good heat
transfer between the exothermic electronic components and the expergic components and will provide
for a decrease in malfunction of  16 the exothermic electronic components for a long term.
Furthermore, the resin composition of the present disclosure can be preferably used for connecting a
heat pipe and a heat sink, or connecting a module incorporated into various exothermic bodies and a
heat sink. [0056]        When the magnesium oxide particle is used as an exoergic filler, the particle may
be used as an exoergic grease obtained by mixing with a base oil which contains a mineral oil or a 10
synthetic oil. This exoergic grease is one aspect of the present disclosure. [0057]        The addition
amount of the magnesium oxide particle n the exoergic grease of the present disclosure may be
decided 15 according to the intended degree of thermal conductivity. In order to express the exoerqic
property of the magnesium oxide particle sufficiently, the addition amount of the particle is preferably
10 to 90 volume I relative to the total amount of the exoergic grease. The addition amount can be
adjusted 20 according to the needed level of exoergic property. For the application required better
exoeraic property, the addition amount is more preferably 30 volume % or more, and still more
preferably 50 volume I. [0058] 25As the base oil, one or more kinds of oil materials selected from the
group consisting of mineral oils, synthesis oils, silicone oils, fluorinated hydrocarbon oils and the like
can be used. The synthesis oil is preferably a hydrocarbon oil. As the synthesis oil, there may be
mentioned a-olefins, 30 diesters, polyol esters, trimellitic esters, polyphenyl ethers, alkylphenyl ethers
and so on. [0059] 



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, there may be mentioned polyoxyethylene alkyl
ethers, polyoxyethylene alkyl phenyl ethers, polyoxyethylene alkyl naphthylene ethers,
polyoxyethylene castor oil, polyoxyethylene hydrogenated castor oil, polyoxyethylene alkylamides,
polyoxyethylenepolyoxypropylene glycols, polyoxyethylene-oolyoxybropylene JO glycol ethylene
diamines, decaglycerin fatty acid esters, polyoxyethylenefattyacidmonoesters, polyoxyethylene fatty
acid diesters, polyoxyethylene propylene glycol fatty acid esters, polyoxyethylene sorbitan fatty acid
monoesters, polyoxyethylene sorbitan fatty acid triesters, ethylene 15 glycol fatty acid monoesters,
diethylene glycol fatty acid monoesters, propylene glycol fatty acid monoesters, glycerin fatty acid
monoesters , pentaerythritol fatty acid monoesters , sorbitan fatty acid monoesters, sorbitan fatty acid
sesquiesters, and sorbitan fatty acid triesters. 20[0061]        The effect of adding the nonionic
surfactant depends on the kind of the exoergic filler, addition amount, and HLB which is the term
showing the balance between hydrophilicity and lipopnilicity (hydrophile-lipophile balance). Liquid 25
surfactants with HLB of not more than 9 are preferred because good consistency is obtained at room
temperature, in the practice of the present disclosure. Anionic surfactants, cationic surfactants and
ampholytic surfactants may be used in the application such as high exoergic grease where the 30
decrease of electrical insulation and electrical resistance are not emphasized. [0062]         The exoerg
c 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 so on. [0063] 



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 other electrical apparatus: integrated circuit
element such as LSI and CPU. As the exoergic body, there may be mentioned, for example, exoergic
components such as heat spreader, neat sink; 10 heat pipe, and excergic plate. The application can
be performed by the screen print method. The screen print method maybe performed using metal
mask or screen mesh. By applying the exoergic grease of the present disclosure between the
exothermic body and the exoergic body, it is able to 15 effectively remove heat from the exothermic
body because heat transfer from the exothermic body to the exoergic body is performed efficiently.
[0064] When the magnesium oxide particle of the present 20 disclosure is used as an exoergic filler,
the filler can be used as a coating composition obtained by dispersing the filler in a resin solution or
dispersion liauid. This exoergic coating composition is one aspect of the present disclosure. In this
case, the resin contained in the composition may be a hardenable one or a nonhardenable one The
resin may include the exemplified resins which can be used in the resin composition mentioned above.
The coating composition may be a solvent type one containing organic solvents or an aqueous type
one containing a resin dissolved 30 or dispersed in water. [0065]        The method for producing the
coating composition is not particularly restricted but the coating composition can be produced by
mixing and dispersing the necessary materials and 35 solvents using a disper or beads mill. [0066]
The addition amount of magnesium oxide particle in the  19 



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 addition amount 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 more, and still more preferably 50 volume %. [0067]        The
magnesium oxide particle of the present disclosure can be used in fields such as rubber accelerators,
pigments for coating compositions and inks, and medicinal products in 15 addition to the expergic filler.
[Example] [0068]           Hereinafter, the present disclosure will be described in more detail by way of
examples, but the present disclosure 20 is not limited to these examples.        Hereinafter,
mediansizeandparticle size distribution of the obtained magnesium oxide particle were measured by
laser diffraction particle size distribution analyzer (Microtrac MT 3300 EX manufactured by NIKKISO
CO.,LTD). 25[0069] determined. scecitic grayPhotographs of each magnesium oxide 30 particle were
taken at five locations by using Scanning Electron Microscope (ISM 840 F manufactured by JEOL Ltd.)
2000-fold magnif1ca7Lin when the diameter was almosr: pm, at 500g-fold L arma a:I -Hfl a pm, and a:
5000u-fold 35 SSA diamcer was almost.. u.1 um, respectively, to obtain five photographs with image
parts of 9 cm narrow side and 12 cm long side. In each photograph, one line was drawn parallel  20 to
the narrow side from the middle point of the long side, another line parallel to the long side from the
middle point of the narrow side. Two diagonal lines were drawn, and the short diameter and the long
diameter of the particle 



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 particle -a        Magnesium oxide manufactured by Sakai Chemical
Industry (product name MGZ-0)1 kg was added to 1 L of 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 decahydrate (manufactured by Wako Pure Chemical Industries) to obtain a dispersion
slurry of magnesium hydroxide. This addition amount of sodium tetraborate decanydrate was 0.1 mol
part in boron equivalent. The obtainedslurrywas spray dried to obtain magnesium. hydroxide 20 in
which sodium tetraborate decahydrate was mixed uniformly. This magnesium, hydroxide was charged
into an alumina pot with a lid followed by atmospheric baking at 1100 C for 10 hours. After desalting
the baked magnesium oxide, magnesium, oxide particle -a was obtained by pulverization. The primary
25 particle diameter of magnesium oxide particle -a determined from the SEM, photograph was 1.68
pm, median size measured from particle size distribution was 4.29um specific surface diameter
determined from, specific surface area was 1.65um, and median size measured from particle size 30
distribution/specific surface diameter determined from specific surface area was 2.60. D90 was 6.79
um, 010 was 1.75 pm, and D90/D10 was 3.88. [0071] Example 2 Magnesium oxide particle -b
35Magnesium oxide particle -b was obtained by following the same procedure as that of Example 1
except that the addition amount of sodium, tetraborate decahydrate was changed to 8.20  21 Q. The
addition amount of sodium tetraborate decahydrate was 0.5 mol part in boron equivalent. The primary
particle diameter of magnesium, oxide particle -b measured from the SEM photograph was 2.06 pm,
median size measured from particle 5 size distribution was 3.91pm, specific surface diameter
determined from specific surface area was 1.981.2m, and median size measured from particle size
distribution/specific surface diameter determined from specific surface area was 1.97. D90 was
6.22un, 010 was 2.35um, and D90/D10 was 2.65. 



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 4.28pm, specific 20 surface diameter determined from specific surface area was
2.02pm, and median size measured from particle size distribution/specific surface diameter
determined from specific surface area was 2.03. 090 was 6.75pm, 010 was 2.56umh and 090/010 was
2.64. [0073] Example 4 Magnesium oxide particle -d        Magnesium, oxide particle -d was obtained
by following the same procedure as that of Example 1 except that sodium tetraborate decahydrate was
replaced with 6.57 a of potassium 30 tetraborate tetrahydrate. The addition amount of potassium
tetraborate tetrahydrate was 0.5m01part in boron eauivalent. The primary particle diameter of
magnesium, oxide particle -d measured from the SEM photograph was 2.16 um, median size
measured from particle size distribution was 4.34pm, specific 35 surface diameter determined from
specific surface area was 2.06pm, and median size measured from particle size distribution/specific
surface diameter determined from  22 specific surface area was 2.01. D90 was 6.65pm, D10 was
2.48pm, and D90/D10 was 2.68. [0074] Example 5 Magnesium: oxide particle -e        Magnesium
oxide particle -e was obtained by following the same procedure as that of Example 1 except that
sodium tetraborate decahydrate was replaced with 5.66 g of ammonium tetraborate tetrahydrate. The
addition amount of ammonium tetraborate tetrahydrate was 0.5 mol part inboronequivalent. 10 The
primary particle diameter of magnesium oxide particle -e measured from the SEM photograph was
2.16 pm, median size measured from particle size distribution was 4.34pnp specific surface diameter
determined from specific surface area was 2.06pm, and median size measured from particle size 



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 o. The
addition amount of sodium tetraberate decahydrate was 5 mol parts in boron equivalent. The primary
particle 25 diameter of magnesium oxide particle -f measured from the SEM photograph was 2.22 pm,
median size measured from particle size distribution was 4.02pm, specific surface diameter
determined from specific surface area was 2.31pm, and median size measured from particle size
distribution/specific 30 surface diameter determined from specific surface area was 1.74. 090 was
6.53m, 010 was 2.48pm, and 090/D10 was 2.63. [0076] 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 decahydrate was changed to 131.2g. The
addition amount of sodium tetraborate decahydrate was 8  mol parts in boron equivalent. The primary
particle diameter of magnesium oxide particle -g measured from the SElvi photograph was 2.39 pm,
median size measured from particle size distribution was 4.58pm, specific surface diameter
determined from specific surface area was 2.46pm, and median size measured from particle size
distribution/specific surface diameter determined from specific surface area was 1.86. D90 was
6.86pm, D10 was 2.56pm, and 290/210 was 2.68. [0077] 10 Example 8 Magnesium oxide particle -h
Magnesium oxide particle -h 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 1000 C. The 



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 particle size distribution was 4.43um, specific surface diameter
determined 20 from specific surface area was 1.50urn, and median size measured from particle size
distribution/specific surface diameter determined from specific surface area was 2.95. 290 was
6.62pm, 210 was 1.76pm, and D90/D10 was 3.76. 100781 25 Example 9 Magnesium oxide particle --
Magnesium oxide particle -i 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
dace-hydrate was 1 mol parts in boron equivalent. The primary particle diameter of magnesium oxide
particle -I measured from the SEM photograph was 3.14 pm, median size measured from particle size
distribution was 6.58pm, specific surface diameter determined 35 from specific surface area was
3.28pm, and median size measured from particle size distribution/specific surface diameter
determined from specific surface area was 2.01. 290  24 was 8.12pm, D10 was 3.56pm, and D90/D10
was 2.28. [0079] Example 10 Magnesium oxide particle -j        Magnesium oxide particle -j 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
1400C. 71h0 addition amount of sodium tetrabcrate decahydrate was 1 mol parts in boron equivalent.
The primary particle diameter of 10 magnesium oxide particle -j measured from the SEM photograph
was 8.61 um, median size measured from particle size distribution was 19.2um, specific surface
diameter determined from specific surface area was 9.01pm, and median size measured from particle
size distribution/specific surface 15 diameter determined from specific surface area was 2.13. 090 was
25.3pm, 010 was 11.9pm, and 090/010 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 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 mol parts in boron equivalent. The primary particle
diameter of magnesium oxide particle -k measured from the SEM photograph was 12.1 um, median
size measured from particle size distribution was 23.5pm, specific surface diameter determined  from
specific surface area was 13.0pm, and median size measured from particle size distribution/specific
surface 30 diameter determined from specific surface area was 1.81. 090 was 29.8pm, 010 was
18.2pm, and 090/010 was 1.64. [0081] Example 12 Magnesium oxide particle -1             Magnesium
oxide particle-b 100 g obtained in Example 35 2 was redispersed in 100 ml of methanol (manufactured
by Wako PureChemicalIndustries), 0.02g of acetic acid (manufactured. by Wako Pure Chemical
Industries) and 1 g of  25 decyltrimethoxysilane (KBM-3103C manufactured by Shin-Etsu Chemical
Co., Ltd) were added. The mixture was agitated with the addition of 1 g of pure water. After, agitating
for an houf filtration, drying, and pulverization were performed to obtain magnesium oxide particle-I.
The obtained magnesium oxide particle-1 was placed in a theme-hydrostat at the temperature of 85C
and the humidity of 85 5. and change in weight was observed but weight increase was not found after
500 hours. 10[0082] Comparative Example 1 Magnesium oxide particle -m        Magnesium, oxide
particle -m, was obtained by following the same procedure as that of xample 1 except that the addition
amount of sodium tetraborate decahydrate was changed to 0.82 15 g and the baking temperature was
changed to 1200 C. The addition amount of sodium tetraborate decahvdrate was 0.05 mol part in
boron equivalent. The primary particle diameter of magnesium oxide particle -m, measured from the
SEM photograph was 0.98 1171, median size measured from particle 20 size distribution was 3.26pm,
specific surface diameter determined from specific surface area was 1.05pm, and median 



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 particle -n        Magnesium, oxide particle -n was obtained by following
the same procedure as that of Example 1 except that sodium tetraborate decahvdrate was not added
and the baking 30 temperature was changed to 1200 C. The primary particle diameter of magnesium
oxide particle -71 measured from the SEM photograph was 0.76 um, median size measured from
particle size distribution was 3.02pm, specific surface diameter determined from specific surface area
was 0.79pm, and median 35 size measured from particle size distribution/specific surface diameter
determined from specific surface area was 3.82. 090 was 5.88pm, 010 was 1.23pm, and 090/010 was
4.78.  26 [0084] Examples 13 to 24        Resin molded articles were prepared by mixing EE A resin
(Rexpearl A-1150 manufactured by Japan Polyethylene Corporation) and magnesium oxide particles
of Examples 1 to 12 at 160 C as shown in Table 1 and then pressure molding. These were molded to
be molded articles with 50 mm x 2 ram (diameter x thickness). Thermal conductivity of the molded
articles were measured. In addition, thermal conductivity 10 was measured at 25 C according to the
method with heat flow meter. [0085] Example 25        Resin molded article was prepared by mixing
EEA resin (Rexpearl A-1150 manufactured by Japan Polyethylene Corporation) and mixture of
magnesium oxide particles of Examples 8andII at 160C 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 thickness). Thermal
conductivity of the 20 molded 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 mixing EEA resin 



(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 x thickness.). 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. 35[0087] Comparative Example 3 Thermal conductivity was measured by
following the same  27 procedure as that of Example 13 that magnesium oxide particle was not added
and the result was shown in Table 1. [0088] Comparative Example 4 to 6        Thermal conductivity
was measured by following the same procedure as that of Example 13 except that magnesium oxide
particles were changed to alumina. The results were 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 manufactured by JAPAN EPDXY RESIN Co., Ltd), curing agent for epoxy resin (jER
CURE ST 12 manufactured by JAPAN EPDXY RESIN Co., Ltd) and the magnesium oxide particle-j of
Example 10 were mixed as shown in Table 2, and the obtained mixture was injected into a die with 50
20 mm x 2 mm (diameter x Lic)cness) 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 Table 2. 



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 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 3, and the obtained mixture was pressure molded at 150 C for 30
minutes to obtain a resin composition. Then, the resin composition was further molded to obtain a
molded article with 50 mm x 2 mm (diameter x thickness). Thermal conductivity of 20 the molded
article was measured and the result was shown in Table 3. [0094] Comparative Example 8 Thermal
conductivity was measured by following the same 25 procedureasthatofExample28 except that the
magnesium oxide particle replaced with alumina 10 pm. The result was shown in Table 3. [0095] Table
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 with alumina 10 pm. The result was shown in Table 4. [0098] Table 4 [0099]
Example 30 20As showable 5, epoxy resin (jER 828 manufactured by JAPAN EPDXY RESIN Co.,
Ltd), toluene and the magnesium oxide particle-j of Example 10 were dispersed by disper to obtain an
exoergic coating composition. Thethermalconductivityof the exoergic coating composition was
measured and the result 75 was shown in Table 5. [0100] 



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 resin6.
Toluene Si'OXTole ofa zpie IL: I dumb5 Thermal. conduoti.vltv [0102] Judging from the results shown
in Tables 1 to 5, it is 10 apparent that the exoergic filler of the present disclosure has superior
performances to the exoergic fillers which are widely used. It is apparent that the exoergic filler of the
present disclosure is able to provide the exoergic property, no matter how great or small of addition
amount of the exoergic 15filler. INDUSTRIAL APPLICABILITY 



[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 obtained 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 acro or a salt 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 hydroxide and 15baking the mixture. 4. The magnesium, oxide particle according to Claim
2 or 3, wherein the boric acid or a salt thereof is at least one compound selected from the group
consisting of lithium 20tetraboratepentahydrate, sodium tetraborate decanydrate, potassium,
tetraborate tetrahydrate, and ammonium tetraborate tetrahydrate. The magnesium oxide particle
according to anyone of Claims 1 to 4, obtained by surface treatment. 6.A method for producing a
magnesium oxide particle comprising baking magnesium hydroxide in the presence of boric acid or a
salt thereof at 1000 to 1800 C to obtain 30the magnesium oxide particle according to Claim 1 to 5. 7.
The method for producing a magnesium oxide particle according to Claim 6, comprising mixing
magnesium hydroxide and 0.1 to 10 mol parts of boric acid or a salt thereof in 35boron equivalent
relative to 100 mol parts of said magnesium 



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 I to 5. 10. A resin
composition comprising the magnesium oxide particle according to any one of Claims 1 to 5. 11. An
exoergic grease comprising the magnesium oxide particle according to any one of Claims I to 5. 12.
An exoergic coating composition comprising the magnesium oxide particle according to any one of
Claims 1 to S. 


