
SPECIFICATION EXOERGIC FILLER COMPOSITION, RESIN COMPOSITION EXOERGIC GREASE
AND EXOERGIC COATING COMPOSITION 5 TECHNICAL FIELD 10001)          The present
disclosure relates to an exoergic filler composition, a resin composition, an exoergic grease and an 10
exoergic coating composition. BACKGROUND OF THE DISCLOSURE [00021            An exoergic
resin composition, an exoergic grease, and 15 an exoeraic coating composition are used for electrical
products which are required to inhibit built-up heat. These are obtained by mixing an inorganic particle
having high heat-conductivity as an exoergic filler with resins, oils and     soon. It has been
investigatedthatthe excergic filler which 20 is used for such purpose is converted to a highly
heat-conductive composition for high exoergic property. 100031        As the exoergic filler, various high
heat-conductive fillerssuchasalumina, boronnitilae, aluminumnttrioe, zinc 25 oxide, and magnesium
oxide are known (PATENT DOCUMENTS 1 and 2). Recently, a method for increasing the filling rate of
the exoergic material in a composition by combining various particles having different particle diameter
is performed (PATENT DOCUMENTS 3 AND 4). 30[0004]       As mentioned above, it is known to
increase the exoergic property by combining two or more kinds of particles having
differentparticlediameter. There is no attempt to increase the exoergic property by combining some
particles having 35sinape. [0005] On the other hand, a needle-shaped zinc oxide having  2 needle
shape is known (PATENT DOCUMENT 5). There is no attempt to use the zinc oxide in combination
with other exoergic fillers. (PRIOR PATENT DOCUMENT] (PATENT DOCUMENT] 



(0006) [PATENT DOCUMENT 1] Japanese Kokai Publication Heill-246885 [PATENT DOCUMENT 2]
Japanese Kokai Publication 2005-330426 [PATENT DOCUMENT 3) Japanese Kokai Publication
2002-201483 10(PATENT DOCUMENT 4) Japanese Kokai Publication 2007-70492 [PATENT
DOCUMENT 5] Japanese Kokai Publication 2008-94695 DISCLOSURE OF INVENTION OBJECT OF
THE DISCLOSURE 15[0007)        According to the above mentioned state of the art, the object of the
present disclosure is to obtain an exoergic filler composition which is able to exert superior exoergic
property, and to obtain an exoergic resin composition, an 20 exoergic grease, and an exoercic coating
composition which having superior exoergic property, respectively, by using the above-mentioned
exoergic filler composition. PROBLEM TO BE SOLVED BY THE INVENTION 25[0009] The present
disclosure relates to an exoergic filler composition containing I to 50 volume % of a needle-shaped
zinc oxide having an average long diameter of 0.1 to 10 pm, an average short diameter of 0.025 to 2.5
pm, aspect ratio 30 defined by (average long diameter)/(average short diameter) of 4 or more and
specific surface area acconalicpBET method of 50 m/and 50 to 99 volume % of other exoergic filler.
[0009] 35The other exoergic filler is preferably at least one selected from the group consisting of zinc
oxide, alumina, Pcrn nit:cedar aluminum, nitride, and magnesium oxide.  3 



The present disclosure relates to a resin composition comprising the exoergic filler composition.
The present disclosure relates to an exoergic grease comprising the exoergic filler composition.
The present disclosure relates to an exoergic coating composition comprising the exoergic filler
composition. EFFECT OF THE INVENTION [0010] 10The exoergic filler composition of the present
disclosure has a remarkable excellent excergic property, an by -sing this, an exnerd resin composition,
an expergic grease cormincei and an eKoergic costing co, having hitt. excerdicroroberty, respectbe oht
a 15 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 100111        The present
disclosure is described in more detail below. The present inventors have now completed the present
20 disclosure by using zinc oxide having needle shape as a part of an exoergic filler composition. That
is, the exoerdic filler composition having high exoergic property can be obtained by using
needle-shaped zinc oxide having needle shape in combination with other exoergic particles to increase
heat-conductivity of the composition as a whole. [0012]        The needle-shaped zinc oxide being an
essential component in the exoergic filler composition of the present disclosure has an average long
diameter of 0.1 to 10 um, an 30 average short diameter of 0.025 to 2.5pm, an aspect ratio defined by
(average long diameter)/(average short diameter) of 4 or more, and specific ace area accord DEC
method. of 50 swig =less, Such needle shape can fcrate the hear diffusion easily because tne heat
conduction is pre:fa:tea 35easily ciovjards the lencth di.recticn..Furthermore, the foe car.;d in the
space between les since the zinc oxide hasthe unique  4 shape, leading to a high filling rate. This has
a superior function, to increase the excerrnic property Therefore, the needle-shaped zinc oxide can
produce an extremely superior experrnicprnsapertywheriusedincombinationwishoshernexoessMo
5materials. [0013]       The needle-shaped zinc oxide preferably has an average long diameter of 0.15
to 5 pm. The needle-shaped zinc oxide preferably has an average short diameter of 0.035 to 1.25 pm. 



10 The needle-shaped zinc oxide preferably has an aspect ratio of 4 to 20. The needle-shaped zinc
oxide preferably has specific surface ;',.2.7n721 :=-Or'C'Hnq to ETT method of 1 to 40 [0014] When
the needle-shaped zinc oxide has larger particle 15 diameter out of the mentioned range, it is not
preferred because the zinc oxide is difficult to enter the space between other particles and the effect of
increasing the experdic property is decreased. When the needle-shaped zinc oxide has the aspect
ratio less than 4, the effect of increasing the 20 exoergic property derived from the needle shape
cannot be obtained because its shape cannot be said to be sufficiently needle shaped. Furthermore,
when the BET specific surface area exceeds 507s/g, is 1s not preferred Se-rause particle size is ZOO
small to produce the: particle aggresasion excessively and sne exoercic property eternised fron. the
needle snape cannot bs produciarti, [0015] A method for producing the needle-shaped zinc oxide is
not particularly restricted, for example, the zinc oxide can 30 be produced by a method comprising
adding at the same time and reacting zinc salt aqueous solution and alkali aqueous solution under
ultrasonic irradiation. More specifically, for example, the zinc oxide can be produced by adding 300 mL
of water at 55C into 3L reaction tank and adding zinc salt aqueous 35 solution 1500 mL (1.48 mcl on
zinc basis) and alkali aqueous solution 750 mL (2.07mol on hydroxide ion basis) at the same time for 2
minutes under sufficient stirring with ultrasonic  5   radiation at frequency 20kHz using ultrasonic
irradiator (US-600T manufactured by NIPPON SEIKI CO., LTD.) to generate a precipitate. [0016] 5The
zinc salt used for producing the needle-shaped zinc oxide is not particularly "restricted on condition
that it is water-soluble, preferably inorganic acid salts such as rr'P-ita=,=;, nitrate c,=,_L'ES, ant: sulfate
salts no organic acid such as :ID: f0fMate and zinc acetate are used.Such 10 zinc salts are usually
used as an aqueous solution of 0.01                 1.0.1, concentration"ks the alkali used tin prociucinq .
oxide, usually alkali metal hydroxides sodium hydroxide, potassium and lithium_ ror.i are preferably
used. These 15 aT kalis are usually used. as an aqueous solution of 0.01 to t ion . [00171 



The needle-shaped zinc oxide can be obtained by adding the zinc salt aqueous solution and the alkali
aqueous solution 20 at the same time to a reaction tank while maintaining the mol ratio of hydroxide
ion/zinc ion within the range of 1.30 to 1.85 and the pH of the obtained mixture within the range of 6.0
to 8.0, preferably in the range of 6.5 to 7.5, at the reaction temperature of 55C or less, preferably 35 to
55C. 15 More specifically, for example, in the case of a batch system, the needle-shaped zinc oxide
can be obtained by storing water in the reaction tank in advance and adding the zinc salt aqueous
solution and the alkali aqueous solution in the predetermined proportion at the same time to the
reaction tank, under enough 30aa 4 ri-H  rig to mix the zinc salt aqueous solution and the alkali
aqueous solution and conta.ct them with each other. In the continuous system, n addinc of the zinc
salt aqueous solution and the alkali aqueous solution to the reaction tank at the same time can be
performed by following the same 35 procedure. [one] In general, a reaction of the zinc salt and the
alkali  6 proceeds rapidly to substantial completion. To industrially produce the intended
needle-shaped zinc oxide efficiently, the total amount of the zinc salt aqueous solution., and the alkali
aqueous solupion respectively may be added to the 5 reaction tank for a. certain amount of time or for
a short tine. Specifically, depending on the concentration, or amburn. of. the zinc salt appeous solution
anti the alkali aqueous solution useo for the reaction, the time taken fc. neutvalifirce 1 L of zinc sal::
aqueous. SCJIITiCT;'. of almost 1 moiMl concentration 10 and 0.75 L of alkali aqueous solution of
almost 3.6 moill concentration at the same time is usually three minutes or less, for example, two
minutes or less. [0019] When the zinc salt aqueous solution .1-1,1 the alkali 15' aqueous solution are
added to the reaction tank at the same time in the production of the needle-shaped zinc oxide, the mei
ratio of hydroxide ion/zinc ion is preferably 1.30 to 1.85. The mol ratio is less than 1.30, productivity is
decreased because redundant zinc. ion is excessive-. If the MCI ratio s.. 20 over 1.25, the aspect ratio
of the cbtaned needle-shapedt...up cuklae tends to become smaller. On tine other hand, in the
production of the needle-shaped zinc oxide, if the mol ratio . of hydroxide ion/zinc ion is over 1.85
when the zinc salt aqueous solution and the alkali aqueous solution are added 25 to the reaction tank
at the same time, the needle-shaped zinc oxide may be not obtained. [0020] In the production of the
needle-Shaped zinc oxide, if the ph of the obtained mixture is over 8.0 when the zinc salt 30 aqueous
solution and the alkali aqueous solution are added to the reaction tank at the same time, the zinc oxide
having the intended average long diameter, average short diameter, and specific: surface area May
not be obtained because. the obtained needle-shaped zinc oxide Lends to become smaller. 



35[0021]        In the production of the needle-shaped zinc oxide, if the reaction temperature is over 55
C when the zinc salt  7 aqueous solution and the alkali aqueous solution are added to the reaction
tank at the same time, the needle-shaped zinc oxide having the intended average long diameter,
average short diameter, and specific. surface area may not be. obtained because the needle-shaped
obtainedSH2e [0022] The exoergic filler composition of the present disclosure contains 1 to 50 volume
% of the above-mentioned 10 needle-shaped zinc oxide. That is, the excergic filler composition of the
present disclosure contains the above-mentioned needle-shaped zinc oxide and other exoergic fillers.
As mentioned above, the needle-shaped zinc oxide has a function to increase the exoercic property
especially when 15 used in combination with other exoergic materials. If the content of the
needle-shaped zinc oxide is less than lvolume %, there is a problem that the improvement in exoergic
property derived from its shape is not sufficiently achieved. If the content is over 50 volume %, there is
a problem that the 20 improvement in exoergic property cannot be expected according to the addition
amount because the needle-shaped zinc oxide reaches a saturation point. More preteratly, the
needle-shapedproidmdtion of 2 volumeor more, and more preaably n the droPorrion of 2540 volume
[0023)  The exoerqic filler composition of the cre'sent osure contains 59 V cilume S of diner expe )ercic
materialsnot b.araiiciu 30 contain metallic oxides: such as zinc oxide, it titanium oxide, and aluminum
oxide, aluminum nitride, boron nitride, silicon carbide, silicon nitride, titanium nitride, metallic silicon,
and diamond. As the other exoergic filler,     publically available material 35[0024) user. ombinatin with
9dcvive. fillers  8 such as alumina, aluminum nitride, boron nitride, zinc oxide, and magnesium( oxide
are extremely preferred to be used. When the needle-shaped zinc oxide is used in combination with
other exoergic fillers, the other exoergic filler is not limited 5 to one kind, but contains the same kind of
substances having different particle size, or different two or more kinds of substances having different
particle size [00251 When two kinds of exoergic fillers are used in 



10 combination as the other exoergic fillers, a composition obtained by mixing a mixed excergic filler
and the needle-shaped zinc oxide in the volume ratio of 5:5 to 99:1 may be used, wherein the mixed
excergic filler is obtained by selecting an exoergic filler (a) having primary particle 15 diameter,
determined by the measuring method using images taken by the Electron Microscope Photo
Instrument as mentioned later, of 1 to 15 pm and an expergic filler (b) of 0.05 to 4 pm" so that the
particle diameter ratio ((a)/(b)) is remained within the range of 4 ric (a) / (b) 20, and mixing so that 20
the volume ratio ((a):(b)) is remained within the range of 5:5 to 9:1. In the case that such proportion is
selected, the effect of the present disclosure can be extremely suitably obtained. The shape of the
other exoergic filler is not particularly restricted, but contains snherjcaT shape, s-kaHn 25shape, cube
shape, bar sharks, hexacc, ,l c:ate shape, scaie-lika shape and sc, on. 10026] The exoergic filler
composition of the present disclosure is usually used in the fields such as exoergic resin 30
compositions, exoergic greases and exoergic coating compositions. Many publications concerning
such applications are known, the exoergic filler composition of the present disclosure is used in such
known applications as expergic resin compositions, exoergic greases and exoergic 35 coating
compositions. The excergic resin composition, exoergic grease and excergio coating composition are
one aspect of the present disclosure, respectively.  9 [0027] The exoergic filler composition of the
present disclosure can be used as a resin composition obtained by mixing with a resin. Such resin
composition is one aspect of 5 the present disclosure. 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, polystyrenes, polyethylenes, polypropylenes, polyvinyl 10
chlorides, polyvinylidene chlorides, fluorine resins, polymethyl methacrylate, ethylene/ethyl acrylate
copolymer resin (EEA), polycarbonates, polyurethanes, polyacetals, polyphenylene ethers, polyether
imides, acrylic nitrile-butadiene-styrene copolymer resin (ABS), liquid 15 crystal resins (LCP), silicone
resins, acrylic resins and other resins. [0028] The resin composition of the present disclosure may be a
resin composition for theimal molding obtained by kneading 20 a thermoplastic resin and the exoergic
filler composition in melting condition: a resin composition obtained by kneading a thermosetting resin
and the exoergic filler composition following thermosetting: or other resin composition. [0029] 



The addition amount of the exoergic filler composition 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 expergic filler composition sufficiently, the addition amount is preferably 5 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
exoergic 35 property, the addition amount is more preferably 30 volume % or more, and still more
preferably 50 volume % or more. [00301  10        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 expergic plate to make them stick together, resins having
high adhesion property and low hardness such as silicone resins and acrylic resins can be selected.
[0031] When the resin composition of the present disclosure is a resin composition for thermal
molding, the resin 10 composition may be produced by the method comprising melt-kneading a
thermoplastic resin and the exoergic filler composition 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 15 injection molding and so on. [0032] When the resin composition of the present disclosure is
the resin composition obtained by kneading a thermosetting resin and the exoergic filler composition
following 20 thermosetting, it is preferably molded by pressure molding. Such method for producing
the resin composition is not particularly limited, but includes the method comprising molding the resin
composition by transfer molding. [0033) The applications of the resin composition of the present
disclosure include exoergic parts of electronic components, thermal-conductive bulking agents, and
insulating bulkingagents for temperature measurement. For example, e resin composition of the
present disclosure can be used in order 30 to transfer the heat from the exothermic electronic
components, such as a MPO, power transistor, transformer to the exoeraic components such as
exoergic fins and exoergic fans, and can be placed between the exothermic electronic components
and exoergic components. This will allow good heat transfer 35 between the exothermic electronic
components and the exoergic components and will provide for a decrease in malfunction of the
exothermic electronic components for a long term.  II 



Furthermore, the resin composition of the present disclosure can be suitably used for connecting a
heat pipe and a heat sink, or connecting a module incorporated into various exothermic bodies and a
heat sink. [0034) The exoergic filler composition may be used as an exoergic grease obtained by
mixing with a base oil which contains a mineral oil or a synthetic oil. This excergic grease is one
aspect of the present disclosure. 10[0035] The addition amount of the exoergic filler composition in the
exoergic grease of the present disclosure may be determined according to the intended degree of
thermal conductivity. In order to express the exoergic property of 15 the exoergic filler composition
sufficiently, the addition amount of the exoergic filler composition is preferably 10 to 90 volume %
relative to the total amount of the exoeroic grease. The addition amount can be adjusted according to
the needed level of exoeroic property. For the application 20 required better exoergic property, the
addition amount is more preferably 30 volume % or more, and still more preferably 50 volume % or
more. [0036] As the base oil, one or more Kinds of oil materials 75 selected from the group consisting
of mineral oils, synthesis oils, silicone oils, fluorinatedhydrocarbonoilsandthelike can be used. The
synthesis oil is preferably a hydrocarbon oil. As the synthesis oil, there may be mentioned a-olefins,
diesters, polyol esters, trimellitic esters, polyphenyl 30 ethers, alkylphenvl ethers and so on. [0037]
The exoergic grease of the present disclosure may contain a surfactant according to need. The
surfactant is preferably a nonionic surfactant. By adding the nonionic 35 surfactant, thermal
conductivity can be improved and consistency of the exoergic grease can be controlled moderately.
12 [00381 As the nonionic surfactant, there may be mentioned polyoxyethylene alkyl ethers,
polyoxyethylene alkyl phenyl ethers, polyoxyethylene alkyl naphthylene ethers, 5 polyoxyethylene
castor oil, polyoxyethylene hydrogenated castor oil, polyoxyethylene alkylamides,
polycxyethylenepolyoxypropylene glycols, polyoxyethylene-polyoxypropylene glycol ethylene
diamines, decaglycerin fatty acid esters, polyoxyethylene fatty acid monoesters, polyoxyethylene fatty
10 acid diesters, polyoxyethylene propylene glycol fatty acid esters, polyoxyethylene sorbitan fatty acid
monoesters, polyoxyethylene sorbitan fatty acid triesters, ethylene glycol fatty acid monoesters,
diethylene glycol fatty acid monoesters, propylene glycol fatty acid monoesters, glycerin 15 fatty acid
monoesters pentaerythritol fatty acid monoesters, sorbitan fatty acid monoesters, sorbitan fatty acid
sesquiesters, and sorbitan fatty acid triesters. [00391 The effect of adding the nonionic surfactant
depends 



20 on the kind of the exoerdic filler, addition amount, and HLB which is the term showing the balance
between hydrophilicity and lipophilicity (hydrophile-lioophile balance). Liquid surfactants with HLB of
not more than 9 are preferred because good consistency is obtained at room temperature, in the 25
practice of the present disclosure. Anionic surfactants, cationic surfactants and ampholytic surfactants
may be used in the application such as highly exoergic grease where the decrease of electrical
insulation and electricel resistance are not emphasized. 30[0040] The excergic grease of the present
disclosure can be produced by mixing the above mentioned components using a mixing apparatus
such as a dow mixer (kneader), gate mixer, planetary mixer and so on 35[0041) The exoergic grease
of the present disclosure may be applied to the exothermic body or the exoergic body. As the  13
exothermic body, there may be mentioned, for example, exothermic electronic components such as
general electrical source; power transistor for electrical source, power module, thermistor, therm
couple, temperature sensor and other 5 electronic 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, heat sink; heat pipe, and exoergic plate. The application can be performed by the
screen print method. The screen print method 10 maybe performed using metal mask or screen mesh.
By applying the composition of the present disclosure between the exothermic body and the exoergio
body, it is able to effectively remove heat from the exothermic body because heat transfer from the
exothermic body to the exoergic body is 15 performed efficiently. [0042] The exoergic filler can be
used as a coating composition obtained by dispersing the filler in a resin solution or dispersion liquid.
This exoergic coating composition is one 20 aspect of the present disclosure. In this case, the resin
contained in the composition may be a hardenable one or a non-hardenable 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 25 containing organic solvents or an aqueous type one
containing a resin dissolved or dispersed in water. [00431 The method for producing the coating
composition is not   particularly restricted but the coating composition can be 30 produced by mixing
and dispersing the necessary materials and solvents using a disper or beads mill. 10044] The addition
amount of exoergic filler composition in the exoergic coating composition of the present disclosure 35
may be decided according to the intended degree of thermal 



conductivity. In order to express the exoergic property of the exoergic filler composition sufficiently, the
addition  14 amount 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 excergicoroperty.
For the application required better exoergic property, the addition amount is more preferably 30
volume % or more, and still more preferably 50 volume Q. or more. [Example] [0045] Hereinafter, the
present disclosure will be described 10 in more detail byway of examples, but the present disclosure is
not limited to these examples. [0046] Hereinafter, the measuring methods of the long diameter, the
short diameter and the aspect ratio are described in more 15detail below. (Measuring method of long
diameter, short diameter, and aspect ratio) Photographs of eachizinc oxide sample were taken at five
locations by using Transmission Electron Microscopy 20(JEM-100SX manufactured by 3E01, Ltd.) at
90000-fold magnification to obtain five photographs with image parts of 12 cm narrow side and 16.5
cm long side. In each photograph, one line was drawn parallel to the narrow side from the middle point
of the long side, another line parallel to the long side 25 from the middle point of the narrow side. Two
diagonal lines were drawn, and short diameter and long diameter of the particle overlapped with these
four lines were measured by using vernier caliper. When various lines were overlapping at the area of
the same particle, the measurement was not 30 performed, redundantly, In -See all five photographs,
ICCtc... 150 particles were measT short d.iameter and Ion determined as. the average diameterot the
rinooxide,d, 35 dividin the. average lend diameter byrage shorn daen was determined as she aspect
rati.o of the dins oxide. magnification.125 dm was indicated as 1 cm 



15 in the photograph. The diameter was measured to 0.01 cm and the digit of 0.00001 dm was
rounded off to average the measurement value. As for the aspect ratio, the sidnificant values were
limited to two digits and the third digit was 5rounded off.  The ESA diameter was measured by using
GEM IN: 12360 manufactured byMicromeritics. As. 1-ray daffractomter, AA: III manufactured by
lAitraku Corr:Gra:ion was used. 100471 10(Measuring method of particle diameter of zinc oxide
particles used in Comparative Examples)        As for the zinc oxide particle used in Comparative
Example, the primary particle diameter thereof was determined from SEM photographs by the
following method. Photographs of 15 each zinc oxide particle were taken at five locations by using
Scanning Electron Microscope (1584 840 F manufactured by JEOL Ltd.) at 53000-fold mgnification 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 to the narrow 20 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 short diameter and lonadiameter of the particle overlapped with these four lines were
measured by usingverniercaliper. The average of these 25 values was determined as average primary
particle diameter of the image and the average of all five images was determined as SEM-observed
primary particle diameter (SEM diameter). The measured value was measured to 0.01 pm and
rounded to two decimal places to be averaged-- "The results were showmlinTabde 30 1. The particle
diameters (SSiAparticiediameter) determined from BET specific, surface area and absolute specific
pravity were shown in Table 1, ton. in the measurement of particle diameter of FINER-3D, the particle
diameter was measured to 0.0n1 pm and rounded to three decimal places to be averaged. 35[0048]
[Table 1]  16  SEM particle diametyer (Pm) Shape of particle SSA (m2/0 SSA particle diameter 



(Pm) FINEX-30 0.036 grain shape 30 0.035 Zinc oxide JIS I 0.32 grain shape 3.5 0.3  10049]
(Measuring method of primary particle diameter of magnesium oxide) 5The particle diameter (SSA
particle diameter) was determined from BET specific surface area and absolute specific gravity.
Photographs of each magnesium oxide particle were taken at five locations by using Scanning
Electron Microscope (31SM 840 F manufactured by TESL 'std.) at 10 2000-fid magnification when the
SSA particle diameter was almost. ieS pm, at 500e-foldmagniticacionenthe SS:11).particie diameter
was ale-dist lei :pm, and de 50000-fold. magnification when the SSieparticle diameter was almost 0,1
pm, respectively, to obtain five photographs with image parts of 9 cm narrow 15 side and 12 cm long
side. In each photograph, one line was drawn parallel 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 short diameter and lone diameter of the particle 20 overlapped with these four
lines were measured by using vernier caliper. The average of these values was determined as
SEM-observed primary particle diameter (SEM diameter) of each image. (0050] 25 Preparation
Examole 1 Preparation of needle haped zinc oxide particle a Water (300 mi,) at 55 G0 was charged
into a 811 reaction tank, and zinc chloride aqueous solution of 135g/L      concentration 1500 fet (1.48
mol on zinc chloride basis) and 30 sodium hydrox1de aqueous sereher 



17 niL (2.07 mol on sodium hydroxide basis) are added at. the same time for two minucesH under
suffichehr stirring, irrejHatinb Ultrasonic at freguency20 kHz by use of ultrasonic Irradiator (US-60CT
manufactured by Nippon Seiki Co., Ltd.) to produce 5 a oreeibitatee [00511        The obtained
precipitate was filtered, washed with water and dried to obtain a white powder. This powder was
subjects), to X-ray diffraction to igentiry the powder as erns 10 oxide. The spec:fhb surface area of this
zinc oxide was 4 accordinb to nitrogen adsorption methob (Hereinafter, the specifib surface area was
measured in the same way). The average short diameter was 0.2427 pm, the average long diameter
0.9894 pm, and the aspect ratio 4.1. 15[0052] Preparation Example 2 Preparation of needle-shaped
zinc oxide particle b White powder was obtained by following the same procedure as that of
Preparation Example 1 except that the 20 sodium hydroaide aduaous solution of 2A2 g/L
concentration. 750 m (2.66 bah on sodium hydroxide .basis) was used_ This powder was subjected to
X-ray diffraction to identify the bbutibar as zinc oxide. The specifaCc surface area of this. firh) oxide
was 40 ct/q. Tne aveheage shbrft diameter was 0.02.95 pm, 25 the average long diameter 0.1534 um,
and the aspect ratio 5.2. [0033] (Examples 1 to 8)        Resin molded articles were prepared by mixing
!LEA resin (Rexpearl A-1150 manufactured by Japan Polyethylene 30 Corporation), the
needle-shaped zinc oxide particle of Preparation Example 1 or 2 and various exoergic fillers of Table 2
at 160'Cas shown in Table 2 and then pressure molding. These were molded to be molded articles
with 50 mm x 2 mm (diameter x thickness.). Thermal conductivity of the molded 35 articles were
measured. In addition, thermal conductivity was measured at 25 C according to the method with heat
flow meter. The results were shown in Table 2.  18 [0054] (Comparative Example 1)          Thermal
conductivity was measured by following the same procedure as that of Example 1 except that the
exoergic filler 5 was not added. The result was shown in Table 2. [0055] (Comparative Example 2) A
molded article was obtained by using the same 



compositionasthat of Example 4 except that the needle-shaped 10 zinc oxide particle b was replaced
with fine particle zinc oxide FINEX-30 manufactured by Sakai Chemical industry in the proportion
shown in Table 2. Thermal conductivity was measured by following the same procedure as that of
Example 1. The result was shown in Table 2. 15[0056] (Comparative Examples S and 4)        Thermal
conductivity was measured by following the same procedure as that of Example I except that the
exoergic filler was replaced with alumina 20 pm only or the combination of 20 alumina 10 pm and 0.8
pm. The results were shown in Table 2. [0057]  19 [Table 21  Comparative Example 5I6F21211 10 1
IC F 10 ! 12 I10 1 I ID10! i    Magnesium oxide mauuzzotored by Sakai!  Coemica, Toduszve,1 (SEM
diameter 10 111(9,1  



Magnesium oxide1 manufactured by Sated1 Chemical Indiletv'e (Sal diameter 2 mil Meonesivv, oxide1
- H manufactured ley Sakai! zChemical. Industry 1p4.9N1(2 oe   (SEN diameter 1 pu) I !Magneaeom
oxideF. lmanufactured by Sakai -- I Chemical Industry u (54:44 diameter 0.1 pr) m !  !F Large particle
zinc   loxide manufactured by gSaka1 Chemical industry L19ZINC-11 Large particle zinc oxide:
manufactured byl Sakai Chemical 1Industry 4(144INC-2 IFine particle zinc !oxide manufactured by  !
Sakai Chemical Industry FINE:4-30 Alumina 20 um 



147.91     11  20.5 1  !62.9161.9!2.91,62.91 62.9162.91 1 62(9159.6 62.9 0.3 4.2 i !!4.1 I 



1  20        From the results in Table 2, it was apparent that the exoergic filler compositions of the
present disclosure have extremely high exoergic property compared with the exoergic filler
composition of Comparative Examples containing the 5 same or almost the same volume % of fillers.
[0059] (Example 7) Epoxy resin (jER 828 manufactured by JAPAN EPDXY RESIN Co., Ltd), curing
agent for epoxy resin (jER CURE ST 12 I0 manufactured by JAPAN EPDXY RESIN Co., Ltd),
needle-shaped zinc oxide particle a and magnesium oxides having SEM diameter of 10 pm and 1 pm
respectively (both were manufactured by Sakai Chemical Industry) were mixed as shown in Table 3,
and the obtained mixture was injected into a die with 50 mm x 2 mm IS (diameter x thickness) 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 3. [0060] 10(Comparative Example 5)
Thermal conductivity was measured by following the same procedure as that of Example 7 except that
needle-shaped zinc oxide particle a was replaced with the zinc oxide IS 1 manufactured by Sakai
Chemical Industry as shown in Table 3. 25 The result was shown in Table 3. [0061] (Comparative
Example 6) Thermal conductivity was measured by following the same   procedure as that of Example
7 except that the exoergic filler 30 was replaced with alumina 10 pm and 0.8 pm as shown in Table 3.
The result was shown in Table 3. [0062] [Table 3]  Filler Thermal conductivity0.4 [0063] (Example 8) 



Silicone resin (KE-103 manufactured by Shin-Etsu 5 Chemical Co., Ltd), curing agent for silicone resin
(CAT-I03 manufactured by Shin-Etsu Chemical Co., Ltd), needle-shaped zinc oxide particle a and two
kind of magnesium oxides having SEM diameter of 10 am and 1 pm (both. were manufactured by
Sakai Chemical Industry) were mixed as shown in Table 4, and the 10 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 xthickness) . Thermal conductivity of
the molded article was measured and the result was shown in Table 154. [0064] (Comparative
Example 7)        Thermal conductivity was measured by following the same procedure as that of
Example 8 except that needle-shaped zinc 20 oxide particle a was replaced with the zinc oxide JIS I
manufactured by Sakai Chemical Industry as shown in Table 4. The result was shown in Table 4-
[0065] (Comparative Example 8) 25Thermal conductivitywasmeasuredby following the same
procedure as that of Example 8 except that the exoergic filler was replaced with alumina 10 pm and
0.8 pm as shown in Table  22 4. The result was shown in Table 4. [00661 [Table 4] F 8w , Fkis[ -'1
ExampleomparativeComparative Example 7jExample IJ  Szflconez, 



I4 114 1  i Curing aaenf for silicone resin 0M7   zff 1 Needle-shaped zinc oxide particle a    Magnesium
oxide manufactured by Sakai ChemicalIndustry(SEM diameterIM aill  32.7   .erroxide manufactured by
Sakai Chemical Industry(SEM diameter I pm; .9 12   Zinc oxide frIS I manufactured by Sakai Chemical
Industry 11.0 



iAlumina IC "  i  Aiurnina CS urn  1  ,,i,0  i  conductivityThermal.0    [00671 (Example 9)        Silicone oil
(KF-99 manufactured by Shin-Etsu Chemical Co., Ltd), needle-shaped zinc oxide particle a and two
kind of magnesium oxides having SEN.diameter of 10 pm and 1 um (both 10 were manufactured by
Sakai Chemical Industry) were mixed as shown in Table 5 to obtain an expergic grease. Thermal
conductivity of the exoergic grease was measured and the result was shown in Table 5. [0068]
15(Comparative Example 9)        Thermal conductivity was measured by following the same procedure
as that of Example 9 except that needle-shaped zinc oxide particle a was replaced with the zinc oxide
JIS 1 manufactured by Sakai Chemical industry as shown in Table 20 The result was shown in Table
5. [0069] 



(Comparative Example 10) Thermal conductivity was measured by following the same procedure as
that of Example 9 except that the exoergic filler 25 was replaced with alumina 10 pm and 0.8 pm as
shown in Table 5. The result was shown in Table 5. [0070]  23 (Table 5] ExampComparatperceive
9mpl Silicone 0 Thermal cond(WimK) 100711 (Example 10)        As shown in Table 6, epoxy resin
(jER 828 manufactured by JAPAN EPDXY RESIN Co., Ltd), toluene, needle-shaped zinc oxide
particle a and two kind of magnesium oxides having SEM diameter of 10 pm and 1 pm (both were
manufactured by Sakai Chemical Industry) were mixed and dispersed by disper to 10 obtain an
expergic coating composition. The thermal conductivity of the exoergic coating composition was
measured and the result was shown in Table 6. [0072] (Comparative Example 15Thermal conductivity
was measured by following the same procedure as that of Example 10 except that needle-shaped zinc
oxide particle a was replaced with the zinc oxide JIS 1 manufactured by Sakai Chemical Industry as
shown in Table 6. The result was shown in Table 6. 2010073] (Comparative Example 12)        Thermal
conductivity was measured by following the same procedure as that of Example 10 except that the
exoergic filler was replaced with alumina. 10 pm and 0.8 pm as shown in Table 15 6. The result was
shown in Table 6. 10074] [Table 6] 



24  Addition amount (weight: part.) 1 jExamplel Comparat:ivelComparative 121Example 11Example 12
Epoxy resinJ 6.316.3;6.3  Toluene ..f.) 11.711.7  Needle-shaped zinc oxide particis a    Mammesium
oxide manufactured by Sakai Chemical Industry(SEM diameter 10 am) 2f.r '1.8   Magnesium oxide
manufactured by Sakai 



Chemical Industry(SEM diameter 1 um) 8a 8.5   Si ale oxide. 212 1 manufactured by Samal Chemical
Industry I i 7.2   Alumina IC um 1 20  Alumina 0.e um  17  assier(volumee: fs' i  1535
Thermalconductivitymg/m.)e.) L1.61 



..)i.)), 100751 Judging from the results shown in Tables 3 to 6, it is apparent that the exoergic filler
compositions of the present 5 disclosure have extremely high exoergic property compared with the
excergic filler composition of Comparative Examples containing the same or almost the same volume
% of fillers. INDUSTRIAL APPLICABILITY 10[0076] The exoergic filler composition of the present
disclosureisusedsuitablyasthe exoergic filler fora resin composition, an exoergic grease, and an
exoergic coating composition. 15  25 CLAIMS 1. An exoergic filler composition containing to 50
volume % of a needle-shaped zinc oxide having an average long diameter of 0.1 to 10 pm, an average
short diameterof 0.025to 2.5 pm, aspect ratio definedby (average long diameter)/(average short
diameter) of 4 or more and snec - tO '53IT method of 50 or less, and 50 to 99 volumeof other exoergic
filler. 2. The exoergic filler composition according to Claim 1, wherein the other excergic  1 s at least
one selected 15from the group consisting of zinc oxide, alumina, doich nitr he, aluminum nitride, and
magnesium oxide. 3.A resin composition comprising the exoergic filler composition according to Claim
1 or 2. 20 4. An exoergic grease comprising the exoergic filler composition according to Claim 1 or 2.
5. An exoergic coating composition comprising the exoer 25filler composition according to Claim 1 or
2.   


