SPECI FI CATI ON Al umi na Powder and Method for Preparing the sane as Well as
Use Thereof 5 Technical Field The present invention relates to alum na
powder, a nmethod for the preparation thereof and the use thereof.
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Alumina is present in a variety of crystalline states such as «, 8, 6, ¥
and 0 -crystalline states, but «-alumina can suitably be used as a material for a
20  heat-radiating member among others, since it has the highest heat conduction.
However, «-alumina powder is in general in the forms free of any crushed shapes
or cut edges {or in the form of edge-free shapes or round shapes).  For this reason,
in the existing circumstances, it cannot be incorporated into resins or rubber at a
high density or in a large amount and thus one cannot make the most use of the
25  high heat conduction of «-alumina. In addition, a problem also arises such that
these « -alumina powdery products may severely be worn out, for instance, the
machinery and tools used in the blending thereof with resins or the like such as
kneaders and rolls and pumps used for transporting a composition including, for
instance, a resin as well as a mold or the like used for moelding the composition.
30
FFor this reason, there have variously been investigated the use of spherical

alumina powder.

In the meantime, spherical alumina powder i1s prepared according to a
35  technique fundamentally comprising a step of melting a raw material of alumina

through heating the same with a flame and the resulting alumina powder is in



crystalline states such as S, 0, y, and (3 -crystalline state, which are
inferior in the heat conduction to a -state. For instance, Patent Docunent
1 (specified below) discloses a nethod for preparing spherical a -alum na
powder, but the results of the supplenentary exam nations of the method

carried out by the inventors of this 5 invention indicate that the content.
of a -alumna in the resulting product is 85% and a problemthus arises

such that the nethod provides only a product having an average sphericity
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Disclosure of the Imvention

Subject to be attained by the Invention
Accordingly, it is an object of the present invention to provide «-alumina
20  powder whose average sphericity is not less than 0.93 and in which the content of
« -crystalline form is not less than 95%. [1 is another object of the present invention
to provide a method for preparing o -alumina powder having such characteristic
properties as well as a composition obtained by incorporating the resuliing «

-alumina powder into, for instance, a resin,

More specifically, the following are herein provided according to the present
invention:
1.  «-Alumina powder characterized in that it has an average sphericity of not less
than 0.93 and it has a content of « -crystalline form is not less than 95%.

30 2. Amethod for preparing o -alumina powder which has an average sphericity of
not less than 0.93 and a content of « -crystalline form is not less than 95%,
characterized in that the method comprises the steps of:

(1) softening metallic aluminum powder or alumina powder through the
treatment with a flame;

35 (2) solidifying the softened powder by passing the same through a region

maintained at a temperature ranging from 800 to 500°C;



35 (2) solidifying the softened powder by passing the sane through a region
mai ntained at a tenperature ranging from800 to 500C, 2 (3) increasing the
content. of a -phase by passing the solidified powder through a region

mai ntai ned at a tenperature ranging from950 to 1,500C and (4) collecting
the resulting powdery product while cooling the sane. 3. A heat conductive
conposition conprising a resin or rubber, which contains 5 a -alum na
powder having an average sphericity of not less than 0.93 and a content of
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excel | ent hédt-treated with a flame is once passed through a region or zone maintained at a
temperature ranging from 800 to 500°C to thus solidify the heat-treated powdery
product and further passed through a region or zone maintained at a higher

20 temperature ranging from 950 to 1,500°C and have thus completed the present

invenfion,.

Effects of the Invention
The present invention permits the production of spherical « -alumina
25 powder having an average sphericity of not less than 0.93 and a content of «
crystalline form or a rate of «-phase (crystalline form) of not less than 95%.
Moreover, if the « -alumina powder having such characteristic properties is
incorporated into a resin or rubber, the resulting blend containing the alumina
powder may have a high alumina density. Moreover, the «-alumina powder of
30  the present invention has a high content of « -crystalline form and this accordingly
results in the production of, for instance, a resin composition which is excellent in
the heat conduction and which is thus quite useful as a heat-radiating material

used in the production of, for instance, [C devices.

36  Best Mode for Carrying Out the Invention

The present invention will be described in more detail below.



t he heat conduction and which is thus quite useful as a heat-radiating
material used in the production of, for instance, |IC devices. 35 Best Mdde
for Carrying Qut the Invention The present invention will be described in
nore detail below. 3 The a -alum na powder according to the present

i nvention has such <characteristic properties as an average sphericity of
not less than 0.93 and a content of a -crystalline formon the order of
not less than 95% 5 If the a -alum na powder of the present invention is
incorporated into, for instance, a resin or rubber, the resulting

conposi tion does not have an extrenely high V|5005|ty, t he powder can be
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stand point, it may be possible to prepare «-alumina particles having an average
sphericity very close to that of the complete sphere.  In this connection, the higher
the average sphericity of the «-alumina particles, the higher the {low propertics
20 thereof and the risk of causing any abrasive wear of a variety of machinery and

tools would be substantially reduced.

In this regard, the average sphericity of the o -alumina powder of the

present invention is determined and defined according to the following methods:

Micrographs of alumina particles are taken using a scanning electron
microscope (Model JXA-8600M available from JEOL Ltd.) at a magnification of
x500 for alumina particles having a particle size of not less than 30 . m, x3000 for
alumina particles having a particle size of not less than 5 . m and less than 30 z m,

30 x5000 for alumina particles having a particle size of not less than 1 zm and less
than 5 m, and x50000 for alumina particles having a particle size of less than 1
m, the projected area (A) and the peripheral length (perimeter: PM) of the particles
are determined on the basis of the secondary electron-reflected images (SEM
micrograph images) and these data are substituted in the following equation to thus

35  determine the desired average sphericity.



than 5 in, and x50000 for alum na particles having a particle size of |ess
than I u in, the projected area (A) and the peripheral |length (perineter:
"PM of the particles are determ ned on the basis of the secondary
electron-reflected i mages (SEM micrograph i mages) and these data are
substituted in the follow ng equation to thus 35 determ ne the desired
average sphericity. 4 In other words, if the area of the true circle
correspondi ng to t he perineter (PN} of a particle is assuned to be (B)
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20 The «-alumina powder used herein is preferably one free of any crystalline
phase other than the « -phase, but it would include, for instance, & -alumina and
§ -alumina as inevitable components in an amount of at highest 5% and even if
such inevitable components are mixed in the «-alumina powder used herein, this

never causes any problem in the practice of the present invention at all.

The rate of the «-alumina phase is determined in a powder X-ray diffraction
device using Cu-K e rays according to the following method: The measurement was
carried out using a powder X-ray diffractometer (for instance, “JDX-3500" available
from JEOL Ltd.) and a scintillation counter as a detector under the following
30  conditions of measurement! an applied voltage of 40 kV; an electric current of 300
mA,; diverging slit? 1 deg.; scattering slit’ 1 deg.; light-receiving slit' 0.2 mm. The
measurement was carried out at a step angle of 0.02deg./step and a measuring time
of 0.5 sec/step according to the 20 - § scanning technique. In addition, the
measuring range was set at a level of 20 = 30 to 50 degs.  In the first place, the
35  calibration curve is prepared. Samples herein used for preparing such a calibration

curve were «-alumina (available from Kanto Chemical Co., Ltd. under the trade

o)



fromJECL Ltd.) and a scintillation counter as a detector under the
following 30 conditions of nmeasurenent; an applied voltage of 40 kV an
electric current of 300 mA; diverging slit: 1 deg.; scattering slit: |
deg.; light receiving slit: 0.2 nmm The neasurenent was carried out at a
step angle of 0.02deg./step and a neasuring time of 0.5 sec/step according
to the 2 0 - 0 scanning technique. In addition, the neasuring range was
set at a level of 2 0 = 30 to 50 degs. In the first place, the 35
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20 Then a preferred embodiment of the method for preparing spherical «

-alumina powder according to the present invention will be described below in more

detail with reference to the accompanying drawings.

Fig. 1 shows a device preferably used for the production of the spherical «

25  -alumina powder according to the present invention. A heating device (6) for
re-heating solidified powder body is arranged below a furnace (6) for forming a
flame and a collecting device (9) for collecting the resulting spherical « -alumina
powder is likewise positioned below the heating device. On the other hand, a
burner (2) for forming a flame and a raw material-supply port (1) are positioned

30  above the furnace (5). The furnace (5) may be either a vertical or horizontal type

one.

The raw powder used herein may be metallic aluminum powder, alumina
powder or a mixed powder thereof.  The use of metallic aluminum powder would
35  permit the production of ultrafine powdery product.  The use of alumina powder,

for instance, raw alumina powder having a particle size of 50 x m would permit the

6



flame and a collecting device (9) for collecting the resulting spherical a
-alumna powder is |ikew se positioned below the heating device. On the
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mai nt ai nethatrtdiiain tlenperatuirerention that the pmduct h.eat treated with a flame is
20  once passed through a zone maintained at a temperature ranging from 500 to 800°C

and then passed through a zone maintained at a temperature ranging from 950 to

1500°C and preferably 1050 to 1500°C or more specifically subjected to a re-heating

treatment in a heating device maintained at that temperature,

25 In the present invention, the temperature prior to the re-heating treatment is
set at a level of 500 to 800°C for the following reason: if the softened or melted raw
material is introduced into the heating device (), while the material is still
maintained at a temperature higher than 800°C, the heat-treated product is
insufficiently solidified and this accordingly never results in the recovery of alumina

30  powder whose average sphericity is not less than 0,93, While if the temperature
prior to the re-heating treatment is less than 500°C, the § -crystalline phase and
6 -crystalline phase of the resulting alumina powder are stabilized, this leads to the
occurrence of a shape change of the alumina powder during the re-heating step and
this also never results in the formation of alumina powder having an average

35  sphericity of not less than 0.93. It is preferred in the present invention that the

residence time of the heat-treated product in the zone having a ftemperature



25 In the present invention, the tenperature prior to the re-heating
treatnent is set at a |level of 500 to 800C for the followi ng reason: if
the softened or nelted raw nmaterial is introduced into the heating device
(6), while the material is still maintained at a tenperature higher than
800C, the heat-treated product is insufficiently solidified and this
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gas- fdpw ranging from 950 to 1500°C.  This residence time can be controlled by the gas-flow

rate in the furnace.

The spherical «-alumina powder passed through the heating device (6) is

recovered by a collecting device (9) and only the exhaust gas is discharged through,

25  for instance, a blower (10). Such a collecting device usable herein includes, for
instance, a gravity-settling chamber, a cyclone which makes use of a centrifugal

separator or a bug filter.

The spherical «-alumina powder of the present invention is incorporated
30 into, for instance, a resin to thus give a composition which can be used in a variety

of applications.

Examples of rubber materials suitably used herein include silicone rubber,
urethane rubber, acrylic rubber, butyl rubber, ethylene-propylene rubber, urethane
35  rubber, and ethylene-vinyl acetate copolymer. On the other hand, examples of

resins suitably used herein include epoxy resin, silicone resin, phenol resin,



rate in the furnace. The spherical a -alum na powder passed through the
“heating device (6) is recovered by a collecting device (9) and only the
exhaust gas is discharged through, 25 for instance, a blower (10). Such a
col l ecting device usable herein includes, for instance, a gravity-settling
chanber, a cyclone which nakes use of a centrifugal separator or a bug
filter. The spherical a -alum na powder of the present invention is
incorporated 30 into, for instance, a resin to thus give a conposition
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preferably used herein are addition reaction type ligquid silicone rubber such as
20  those obtained through addition reactions of addition-reactive type liquid silicone
rubber such as a one-pack type addition reactive silicone having both vinyl and H-51
groups in a molecule, or through addition reactions of two-pack type addition
reaction type silicone comprising organo-polysiloxane carrying vinyl groups at
terminals or on side chains (liguid A) and organo-polysiloxane carrying at least two

25  H-Si groups at terminals or on side chains (iquid I3).

The base polymer used herein and constituting such a one'pack type addition
reactive silicone or a two-pack type addition reactive silicone has, in its backbone,
organic groups such as methyl, phenyl and trifluoro-propyl groups. It is preferred

30 that the mixing ratio of addition reactive vinyl groups and I-Si groups ranges from
0.5 to 3 mole equivalents and preferably 1 to 2 mole equivalents of H-Si group per
one mole of vinyl group {rom the viewpoint of the curing speed of the resulting
rubber and the physical properties of the rubber after the curing of the same.
Moreover, in the addition reaction of the addition reactive liquid silicone rubber, a

35  catalyst for the addition reaction can be used for the acceleration of the addition

reaction and specific examples thereof include platinum atom-containing catalysts



rubber such as a one-pack type addition reactive silicone having both vinyl
and I1-Si groups in a nolecule, or through addition reactions of two-pack
type addition reaction type silicone conprising organo polysil oxane
carrying vinyl groups at termnals or on side chains (liquid A) and organo
pol ysi | oxane carrying at |least two 25 H Si groups at termnals or on side
chains (liquid B). The base pol yner used herein and constituting such a
one-pack type addition reactive silicone or a two-pack type addition
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resi W% and farther epoxy resins into which halogen atoms such as bromine atoms are
introduced to thus impart flame retardancy to the resins. Among them,
preferably used herein include, for instance, o-cresol-novolak type epoxy resins,
bishydroxy-biphenyl {ype epoxy resins, and epoxy resins having naphthalene
skeletons, from the viewpoint of the moisture-resistant properties and the

25  solder-reflow resistant properties.

The curing agent for curing the epoxy resin is not restricted to any particular
one insofar as it can react with the epoxy resin to thus cure the same and examples
thereof include novolak type resins obtained by reacting at least one member

30  selected from the group consisting of, for instance, phenol, cresol, xylenol, resorcinol,
chlorophenol, t-butylphenol, nonylphenol, isopropyl-phenol, and octylphenol with
formaldehyde, para-formaldehyde or p-xylene in the presence of an oxidation
catalyst, poly(p-hydroxystyrene) resins, bisphenol compounds such as bisphenol A
and bisphenol S, trifunctional phenols such as pyrogallol and fluoroglucinoel, acid

36  anhydrides such as maleic anhydride, phthalic anhydride and pyromellitic

anhydride, and aromatic amines such as m-phenylenc-diamine, diaminodiphenyl-
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2, 7-di hydroxynapht hal ene type epoxy resins, bishydroxy-biphenyl type epoxy
‘resins, 20 and further epoxy resins into which hal ogen atons such as

brom ne atons are introduced to thus inpart flame retardancy to the
resins. Anong them preferably used herein include, for instance,

o-cresol -novol ak type epoxy resins, bishydroxy-biphenyl type epoxy resins,
and epoxy resins having napht hal ene skeletons, fromthe viewoint of the
noi sture-resi stant properties and the 25 solder-reflow resistant
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20 iron oxide, dyes and pigments. Moreover, a releasing agent such as a wax may

such

likewise be added to the composition and specific examples thereof are naturally
occurring waxes, synthetic waxes, metal salts of linear fatty acids, acid amides,
esters, and paraffin. In particular, when the composition is required to have highly
reliable moisture resistance and high stability when the composition is allowed to
25  stand at a high temperature, it is effective to add a variety of ion-trapping agents.
Examples of commercially available ion-irapping agents include those sold by
Kyowa Chemical Co., Ltd. under the trade name of DHEF-4A, KW-2000, KW-2100,
and those sold by Toagosei Chemical Industry Co., Ltd. under the trade name of
“IXE-600".
30
KExamples
Now, the present invention will be deseribed in more detail with reference to,
for instance, the following Examples and Comparative Examples, but the scope of
the present invention is not limited to, for instance, these Examples and

35  Comparative Examples at all.
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atom cont ai ni ng coupling agents; flane-retardant inprovers such as Sb203,
Sh2™4, and Sb2 05; flane-retardant agents such as hal ogenated epoxy resins
and phosphorus atom contai ni ng conpounds; and col oring agents such as
carbon bl ack, 20 iron oxide, dyes and pignments. Moreover, a releasing
agent such as a wax may |i kew se be added to the conposition and specific
exanpl es thereof are naturally occurring waxes, synthetic waxes, netal
salts of linear fatty acids, acid am des, esters, and paraffin. In
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(oxygen gmbégﬂgsggg g@ﬂﬁg ggo?& (3)%3' Cguﬁ{e? oy qgam‘f&g%&ms 240, Q%@%Uq&mg

filter was use evi ce to the
furnace, PRBYANE §as LPEPEN 2 mr@h@%m m@i@‘ﬁb@srtga@rﬁugabf wbé‘ﬂ)ytod@ﬂlﬁ ©3) a0f a
bur nets ( 2j1amad (XYEEMT 488 pedTumk GPMNSEEOhan 2000°C) (the temperature was
determined at the center of the flame and at the distance, 200 mm, from the tip of
the burner (2)).  The formation of the flame was carried out by supplying LLPG at a
discharge rate of not less than 20 m/sec through a combustion gas-supply port (a slit
thickness of 1 mm) arranged at the outer periphery of the discharge opening of a
20 raw material-supply port (1) connected to the center of the burner at the tip thereof;
and further supplying oxygen gas at a discharge rate of not less than 5 m/sec
through a combustion-improving gas-supply port (a slit thickness of 10 mm)
arranged at the outer periphery of the discharge opening of a combustion
gas-supply port.  Kach powdery raw material in the form of its dried powder and
25 detailed in the following Table 1 was fed, at a flow rate of 30 kg/hr, to the furnace
through the raw material-supply port (1) while the powder was entrained with
oxygen gas in a flow rate of 26 Nmé®hr. The atmospheric temperatures of a zone
maintained at a temperature ranging from 800 to 500°C and a zone maintained at a
temperature ranging from 950 to 1500°C were determined at the following three
30  points: point of measurement A (situating at the outlet of the furnace) (the position
situating at the distance of 4900 mm from the upper face of the furnace (5) in Fig.
1)i point of measurement B (situating at the inlet of the heating device (6) and more
specifically, at the boundary between the furnace (5) and the heating device (6)); and
point of measurement C (situating at the outlet of the heating device (6)).  There
35  were used, in these measurements, a commercially available K-thermocouple

within the temperature range of from 0 to 600°C and a commercially available

12



i nprovi ng gas, through a conbustion-inproving gas-supply port (4) to thus
forma 15 flame (having a tenperature of not |ess than 20000 (the
tenperature was determned at the center of the flane and at the distance,
200 mm fromthe tip of the burner (2)). The formation of the flame was
carried out by supplying LPG at a discharge rate of not |less than 20 m sec
t hrough a conbustion gas-supply port (a slit thickness of 1 mm) arranged
at the outer periphery of the discharge opening of a 20 raw nateri al -supply

port 0) cdieatedotslethiehigahtetmbrdihe: Rigaer fiadn the td i poshethenf of themd

further su I, as.at a di charge rate of not less than 5 nfsec
t hr ough azggﬁ%GE%FSEyg%gw' %8p85§“§ Upply port (a slit; thickness of 10 nm)
arranged at the outer perlphery of the di scharge opening of a conbustion

gas-supply por tp N I of; ) owder
and 25 detall e ille Egﬁﬁtﬂa?g\ﬂﬁc}ﬁ rl\l@ !f?t alle'} 0 8(111?(5(1'”1 he i&l?ov?zglgjelqb
kg/ hr, 5t o % hldef loHawess Fﬂhllf’cfbghmtfhéh?WW@rIiH’ézDelS‘yw@plfythpcﬁlUm(Hl) mmm t he

powder wasr &ﬁucrt@h A& e Midt @omomw‘g GRSy IR @;d J»&l\ﬂeh%@ 128 NeBiiws dike
at nospher mai nt ai ned_at a tenperature rangln

|§ g% eratures of éhﬁ g
from 800 COXETHEILAPRPIHE HrefitHE %ﬁdn@érrratwa/\qt &m&ﬂawfc@lha’a%@lwg % ¥'Bf 950
to 1500C Wiweadbeekei K& @ivetdze 1f9@hbl@\/\$1!2l@ th e@p BORpRIEL®: ERAWPle 0fand

neasur ene atln L”the out |.et of. fur t ition
S|tuat|nggkfé€& d%gybnce of “48Y6" %?%ﬁH%ﬁ%f’ ?mfé@%(ﬂpnﬁﬁé Uriidce (5)
in Figd 1yverped partichs sinedsbir enentRdiesid Batinplp @4t the inlet of the heating
device (6) and nore specifically, at the boundary between the furnace (5)
and the heating device (6)); and point of neasurenent C (situating at the
outl et of the heating device (6)). There 35 were used, in these
measurenents, a comercially avail able K-thernocouple wthin the
tenperature range of fromO to 600C and a conmmercially available 12

B-t hernmocouple within the tenperature range of from 600 to 1700C (both of
them are available from Chino Corporation). The conditions for the
heat-treatnent are sumarized in the following fable 5 2. The foll ow ng
Tabl e 3 shows characteristic properties of the alum na powlery products
recovered fromthe bag filter. In this connection, Table 3 also shows the
characteristic properties of crushed alum na "AS-50" commercially avail abl e
from Showa Denbo, K K (average particle size: 1.0 u n) as Reference
Exanple 1 and crushed alum na "AA-05" commercially available from Sum tono
Chem cal Co., Itd.



10 (average particle size:
1 Anor phous al um na powder
Powder 2 Anorphous al um na powder (average particle size:
al um num powder (average particle size:

Powder

Powder 3 Met al
Ant. supplied to furnace Re-heating device (Nt8/hr)
Oxygen gas LPG Oxygen gas

10 50 3.5 10.5 Ex.4 2 10 50 5 25 Ex.5 3 3 15 5 25 Conp. Ex.

40

(conti nu€=(1ﬁ5§W ﬁ)@‘ﬁﬁ@r ht

]

0.6,u m) as Reference Exanple 2.
(average particle size:

3it m

Ex.1 1. 10 50 5 25 Ex.2 1 15 75 5

mp

|l o
JlAé’ﬂ(aPh?)‘éﬁ @iﬂlmﬂa RE Flefolie er agie e ‘(@éé)’e ARAZUr ement

Raw Powder 2

Amorphous alumina powder (average particle size’ 3z m)

Raw Powder 3

Metal aluminum powder (average particle size: 10 z m)

Table 2:

Raw Amt. supplied to furnace | Re-heating device (Nm3/hr)

Powder | (Nm#/hr)

LPG Oxygen gas LPG Oxygen gas

Ex. 1 1 10 50 5 25
Fx, 2 | 15 75 5) 25
Ex. 3 1 10 50 3.5 10.5
Ex. 4 2 10 50 5 25
Ex. 5 3 3 15 5 25
Comp. Ex. |1 20 100 3 15
1
Comp. Ex.|1 7 35 5 25
2
Comp. Ex. |1 10 50 2 10
3
Comp. Ex. |1 15 75 8 40
4
Comp. Ex. |2 10 50 0 0
5
Comp. Ex.|3 3 15 0 0
6

14

13 Table 1: Raw
50 N mMm Raw
LIJRaw
10 m Table 2: Raw
Powder (NnB/hr) LPG
25 Ex. 3 1.
1 20 100 3 15

L Comp. 7 35 5 25 2 Conp. Ex. 11050 2 10 3 Comp. Ex. 115758
4 2 quu B—3-—3-45-0-0—-=~6 ‘“Tab 2

(O



A B C 550-900C 950-1500C Ex. 1 552 1348 _1047 1.1 3.6 Ex.2 748 1451 1103
0.7 2.7 Ex. 3 550 1101 987 1.1 4.5 Ex. 4 558 1346 1047 1.2 3.7 Ex.5 750
1462 1048 3.5 6.1 Conp. Ex. 1 909 1448 1105 0.0 2.3 Conp. Ex. 2 432 1092
980 1.4 5.0 Conp. Ex. 3 553 879 680 1.2 0.0 Conp. Ex. 4 746 1647 1539 0.7
0.0 Comp. Ex. 5 555 501 296 1.3 0.0 Conp. Ex. 6 730 680 f 350 3.3 0.0
Tabl e 3. Average Particle Size Average Sphericity Rate of a -Phase ( m

(-) (%9 Ex. 151 0.94 98.2 Ex. 252 0.96 100.0 Ex.3 51 0.95 96.3 Ex. 4
11 0.98 9ﬁhgkh§&0§mgugﬂo 98 96 5 Conmp. Ex. 1 55 0.88 100.0 Conp. Ex. 2 51
0. 87 98. g—Conp:—Ex O +9—8—Conp- 4-52—0-89—166-0—Cermp~—— Ex. 5

11 0.98 28.0 Conp. Exlefepﬁaéuﬁ’ o9& tNopoingss of hBﬁSldeTG”mRM (seEx. 1 10 0.85
100.0 Ref. Ex. 2 0.6 ng&n%ggmg Qgﬁccordlng o Exanples 1tob5, therejwere

B a high rate of ol Sphase BE 15 compared iRoRt !edéﬁsémaé’ or he’
al uni na pewdery produsts prepagesl in 1047 1.1

Ex. 2 748 1451 1103 0.7 2.7

Ex. 3 550 1101 987 1.1 4.5

Ex. 4 558 1346 1047 1.2 3.7

Ex. b 750 1462 1048 3.5 6.1

Comp. Bx. 1 909 1448 1105 0.0 2.3

Comp. Ex. 2 432 1092 980 1.4 5.0

omp. Bx. 3 553 879 680 1.2 0.0

Comp. Ex. 4 746 1647 1539 0.7 0.0

Comp. Ex. 5 555 501 296 1.3 0.0

Comp. Ex. 6 730 680 350 3.3 0.0
Table 3:

Average Particle Size | Average Sphericity | Rate of « -Phase
(pm) () (%)

Ex. 1 51 0.94 98.2

Ex. 2 52 0.96 100.0
Ex. 3 51 0.95 96.3
Ex. 4 1l 0.98 97.1
Ex. 5 0.6 0.98 96.5
Comp. Iix. 1 55 0.88 100.0
Comp. Ex. 2 51 0.87 98.0
Comp. Ex. 3 51 0.94 79.8
Comp. Ex. 4 52 0.89 100.0
Comp. Ex. b 11 (.98 28.0
Comp. Ex. 6 0.6 0.98 Not less than 1.0
Ref. Ex. 1 10 0.85 100.0
Ref. Ex. 2 0.6 0.87 100.0

St

According to Examples 1 to 5, there were prepared alumina powdery

products each having a high average sphericity and a high rate of a-phase as



Conparative Exanples 1 to 6. Then the al um na powdery products prepared in
Exanples 1 to 4 and 5 Conparative Exanples 1 to 4 were bl ended with resins
"to prepare resin conpositions and the resulting conpositions were

i nspected for the followi ng physical properties, according to the
foll owi ng nethods. An epoxy resin, a curing agent;, a curing- accelerator,
a releasing agent and a 10 silane-coupling agent were bl ended together in
a mxing ratio specified in the follow ng Table 4, subsequently each

resul ting c&b@@ﬁb&/\@ﬁﬂﬁdm%edbwmm e thd AN A NGoM il Rac RN §he@red in
charging rate of ]g ﬂéi d then each resulting blend was kneaded
with heat i(‘RYHAEYHEFARIP Vﬁg type tw n-screw extrusion-kneader (screw

dianmeter, D 25 mm kneading di sk Iength 10D mm 15 rotational nunber of

ddl h
oot o 150 1o 9805, TP RIS, SEPRRERLY S0P ©

pul ver$ ze@ompagatree ehnmnni@ﬁpd)sm i bnweired umglerlesmilt m@gmor&@omoumrm lwas
i nspect ed {rﬁ{aoéﬂh@néﬁgﬁd ?I‘PJ‘%}Q]&I'L%gt%’mﬁ&M (s vaeQ(‘,N 1@%![%%}}3%1 (B BhsASive

wear of accordin oW n results thus ogtalned
are sunmaPraen] .mopcz"@mﬁh@%h%w Hy vb\%\wgsnelélmis Heat Conductivity: A
conposition was poured into a nold prOV|ded with a hollow having a

di aneter of 28, mm and a.thickness or e, conposi tjon was

th
then 25 degaseBdPEhy’ G dbUIRE 1508 ?8 % “t‘rfr(ﬁfhaé%r ﬁdekﬁa\?@gai%i 884 Ahody
and the resulddionglingl gedibody Wesidedspgeahed ihor nikengheatio cpndtied iiwithy usi ng

doheat , CRIANSLL vhdnfe £eLELILOLIG, dEKh R SAQIITIGIRL) X, VALLAPLGL AN AC\E

he tr eratu
accor d| nglarescing alumrr@ermwiee gr aditenmsingectai efudd tooby hn@ssdenérfrlmnec«mhe heat

conducti vidyn@le bigid C#Asmg{c%gd %@'M hela®ih g SR £ %{orﬁq!a@%&ﬂﬁ SL?bé &yid- L@wwas
det er m ned u3|ng a s %ﬁ | ow nol accordlng to gf Spéél fied in
EMM - 66 ( EFSXSOMS ﬁ'i@ f(éYl(B@mP%t i L@em@o&n%fecynsafdl @%ath o,

| ndusta y) rothiloddli smm@caurcerrpaadlet hasml;ﬁh t enpakaiun@imast. Bekg/dt; héatr the

gg![ d:,i,? 9 p%e%%;seli!g?u} E) ]]% )7 4TM?adlscp ar geg prgtﬁuc%%uars%oo cld rllltl %Icgclﬂgrgg ﬁrlegg’: was

then pulvenied to give each composition and the resulting composition was
inspected for the heat conductivity, spiral flow and amount of abrasive wear of mold
according to the following methods,  The results thus obtained are summarized in

20 the following Table 5

(1) Heat, Conductivity:
A composition was poured intoc a mold provided with a hollow having a
diameter of 28 mm and a thickness or depth of 3 mm, the composition was then
26  degassed and molded at 150°C for 20 minutes to give a molded body and the
resulfing molded body was inspected for the heat conductivity using a heat
conductivity-determining device (commercially available from AGNE Company
under the trade name of “ARC-TC-1 Model”) at room temperature according to the
temperature-gradient fechnique to thus determine the heat conductivity of the
30  molded body.

(2) Spiral Flow
The spiral flow was determined using a spiral flow mold according to the
method specified in EMMI-66 (Epoxy Molding Material Institute; Society of Plastic
35 Industry). In this measurement, the mold temperature was set at 175°C, the

molding pressure was set at 7.4 MPa and the pressure-maintaining time was set at

16



90 seconds. (3) Abrasive War of Ml d A conposition which was heated to
175C was passed through a hole of an al um num di sk, which had a thickness
of 6 Mmand a hole diameter of 3 mm in an 5 anobunt of 150 cm, using a
pressure extruder and the weight |oss of the disk was determ ned and the
result thus obtained was defined to be the abrasive wear. Table 4: rKind
of Material Rate of Mxing N by mass) Epoxy resin o-Cresol/novol ak type
one (availgble from 63.8 N ppon Kayaku Co., Ltd.) Curing agent
Phenol/no&@“ﬁﬁlF%sin (* PSM 4261" 32.1 available from Gunei Chenical Co.,
Ltd.) CUrK&gMAmeﬂb@manaﬂhmadiphenyl phosphi ne (available fromO0.6 Fbkko

Chem cal asi e t |r .acld est Ef |.ak 3.5
avai l abl e from lf%ﬁg&)ﬁg«?’cﬁ Jal{a}fﬁ \,{%SP at%/&(r} aﬂ ane ]crbgﬁc’?ﬂ“ u\éﬁgda&%lesol 1*dne
("KBNMOB"?@vaﬂuwbﬂekfM@wﬂohadaéhakHMQtﬂé:nag@mdaSMﬂmdﬁﬂmmEﬂﬁﬁﬂnmmahn@m
Ltd.) gl U%ﬂﬁ‘mﬁ’%‘f‘@t@b crri'ﬂous-[ﬁ?la%x@szx'f@%&hﬁﬂ@xdﬁﬁﬁll'tﬁbtvyelgﬁﬂl @5%{': h%"\fh% va5

Abr asi ve

Ex. 3 4. 2\3918@2“%* al@b?ﬁf rasylt tiluao Lagnes Bagdefmsipto Mexthe abrasivaowgarg, 9 Corrp

Ex. 33.01.1 2.1 Conp. Ex. 4 4.3 0.8 7.1 Furthernore, resin conpositions

used for i ng heat-radiating nenbers were prepared through the use of
Shl5eh

t he al um I_’n"'ripr products prepared in
Kind of Material Rate of Mixing
(% by mass)

Epoxy resin 0-Cresolmovolak type one (available from | 63.8
Nippon Kayaku Co., Ltd.)
Curing agent Phenol/movolak resin (“PSM-4261” | 32.1

available from Gunei Chemical Co., Lfd.)

Curing Accelerator | Triphenyl phosphine (available from | 0.6
Hokko Chemical Co., Ltd.)

Releasing agent Montanic  acid  ester (“WaxEflakes” | 8.5

available from KURARI & Japan Co.,

Litd.)
Silane coupling | Organo-silane (“KBM403” available from | 0.4 relative to
agent Shin-Etsu Chemical Co., Ltd.) alumina powder

10 Table 5:

Heat conductivity | Spiral Flow (m) Abrasive wear of
(W/mK) mold (mg)

Ex. 1 4.3 1.1 2.2

Ex. 2 4.5 1.2 2.2

Ex. 3 4.2 1.1 2.1

Comp. Ex. 1 | 4.2 0.6 8.8

Comp. Ex. 2 |1 4.1 0.7 6.9

Comp. Ex. 3 | 3.0 1.1 2.1

Comp. Ex. 4 | 4.3 0.8 7.1

Furthermore, resin compositions used for forming heat-radiating members
were prepared through the use of the alumina powder products prepared in

Example 4, Comparative Example 5 and Reference Example 1 (all of them had an

17



Exanpl e 4, Conparative Exanple 5 and Reference Exanple 1. (all of them had
an 17 average particle size of 10 u mor 11 p n); or the alum na powdery
products obtained in Exanple 5, Conparative Exanple 6 and Reference
Exanple 2 (all of them had an average particle size of 0.6 p m according
to the follow ng procedures and then the resulting resin conpositions were
i nspected for the physi cal properties | i kewi se 5 according to the
fol |l owi ng net hods. Tmo co nent tjion re ctive liquid silicone rupber
TR 39 fe L

products (a"‘?EBE@;Dz“UE eqifre MR Eﬁ@zﬁl LP{’ Lgnipa PAYAPYaBPeuEs 8

Toshi ba Siihilbanel€s, C‘oﬂnlpdxf)twe Ter ki 19 8 mmam@n@lmam@um dero/weea Mldended in
compost U1 G PR 88 Wb bRt g SR, OBk nar s B b ETh! LR,
resul ts obesilhed n@slmgomhw’abmmwac powdeteyl {orodecplsysiqal epapedtes Nikexaspl e 4,
Conpar @tl vlec(ﬁg oechélf@'ﬂ% E&gfne&ﬁg £ Exarrpl e 1 are summarized in the

fol |l ow ng Tab resu ts obtained using the alum na powdery
products prepared in Exanple 5, Conparative Exanple 6 and Reference 15
Exanple 2 are wmmmpz)esﬂnﬂ Raditenf RhLow naulﬁame@& riifer Hﬁ@&ru&@r(dvmm ty of

Heat Radi at.i n B Silj Qne rubber 1i

r epeat ed| "%‘&ge‘gleéﬁg gl%ﬁ%gilqllﬁl oraéi%‘rlémflféol?e(gﬁ ']goé@,batﬁgc%% é’tééwder
Snd t he sralmmomeprma@eanummngl@ramw hl@ﬁde(?@ntz:hﬁ]1&1@1%%3&10“@)9,@1{1?@%1Urhgthéias ]
egassgs. of S u S oured int ided wt
S hor G (ADSahEStbid Rld th BRI SR R Rl BBt Roro BBt "t he
m xt ure \A/@?b)fﬁlh@%nptteﬂqais@edl‘}aenderrdm:le?dtaamedlﬁemgf olie Zi(Duxmmupe\sd@uy prodectsa

nol ded bog)‘eﬁi@gdtﬁellﬁﬁﬁ thn@oﬁglagﬁ(ijveb@q}f g%;"' Elﬁcp%tﬁﬁgné xgﬂg)lehqagle

conduct i vi ty accordi n erature ient techniq

det er ni ne StHE ¥ eddRtt 185?9&?)’&‘?%\%“@ bf Whikie thforegulfs wbtpined Hblﬂﬁltbb pEYpEGt |

used her e!pﬂwél@lyt @@dﬁ@@%ﬂ@bﬂﬂad ﬂeNkéirﬁpm @orﬂﬁa@%tﬁi@ﬂ%ﬁl&'(‘t Yndeberghdal ng
devi ce. co .2 avali | able A r’r}oﬂﬁ f;qtgg ny under the trade nane of
"ARC-TC- 1" %Hlé”‘ g S SURMAGETY thplofgayg T e rubber conposition prepared
above and prior to nolding with heating was subjected to viscosity

TeASUr ey 1300, BB DS MLAERIBLEN, (iBRA0"  available from DAl WA Kenko

To the silicone rubber hqmd A Lheu, were repeatedly added and stirred, in

order, the retarder, the alumina powder and the silicone rubber liquid B and then

20 the resulting mixture was degasses.  The resulting liquid sample was poured into

a mold provided with a hollow having a diameter of 28 mm and a thickness or depth

of 3 mm, the mixture was then degassed and molded at 150°C for 20 minutes to give

a molded body and the resulting molded body was inspected for the heat

conductivity according to the temperature-gradient technique to thus determine the

25  heat conductivity of the molded body. In this respect, used herein as the measuring

device was a heat conductivity-determining device commercially available from
AGNE Company under the trade name of “ARC-TC+1 Model.”

(5) Viscosity

30 The silicone rubber composition prepared above and prior to molding with
heating was subjected to viscosity measurement using a B-type viscometer (“DB-10”
available from DAIWA Kenko Co., Ltd.) at 30°C and at a rotational number of 20

rpIn.

35  (6) Abrasive Wear of Mold
The silicone rubber composition prepared above and prior to molding with

18



35 (6) Abrasive Wear of Ml d The silicone rubber conposition prepared above
and prior to nolding with 18 heating was passed through a hole of an

al um num di sk, which had a thickness of 6 mmand a hole dianeter of 3 mm
in an anount of 150 cnB using an ordinary tenperature-pressure extruder
and the weight |oss of the disk was determined and the result thus

obt ai ned was defined to be the abrasi ve wear. 5 Tabl e 6 Ki nd of Materi al
Rat e of Incorporation (% by mas Conp. 5, Ref. Ex.|I
Ex.5, Ref.ERips \*ersrlrd@wéﬂrl%%}érﬂ h@icqaﬁaer Aumavwrcbﬁr évlrlria)hv@eti}gkszfe
Toshi ba Sithincne 2Chole chbﬁletd—i‘n@ieﬂ hhe ik r"ﬁfﬁﬁmoﬂﬁm@{ QB()"LYﬁﬁﬁﬁnglﬂQhﬂnﬁsz
Silicone rubber Li qui d 5¥a abI rom H’g a Sili Co. ,
Ctd. under PREATL s G idoggnds T i o4 e Frged a0

Ret ar der : Dk metuhylhusebeaned m@ualbilad&lajlﬁdﬂméhlaivéwdah respect to the total
Kant o emcal Co., Ltd. (Extra Pure anount of LiquidA+ Liquid B) Reagent)
Table 7. Heat Conductivity Viscosity (nPa - s) Abrasive War of (WnK)
Mol d (ng) TBkle @ 2.8 140,000 1.5 Conp. Ex. 5 1.6 142,000 1.5 Ref. Ex. 1

Not nol dahtig|NeiiBasurable 6.5 10 Table R J&qu%QM&H 4 m\g@cosi ty

QD

(mPa - s) Abrasive Wear of (WnK) Mld ( ~0
frx 4, Comp. | Ex.5, Comp.
5, Ref. Ex.1 Ex.5, RefEx.1
Silicone rubber Liquid A; available from GE | 18.2 245
Toshiba Silicone Co., Ltd. under the trade
name of “YE5822 Liquid A”
Silicone rubber Liquid B; available from GE | 1.8 2.5
Toghiba Silicone Co., Lid. under the trade
name of “YE5822 Liquid B”
Alumina powder 80.0 73.0

Retarder: Dimethyl maleate, available from | 0.01 (with respect to the total
Kanto Chemical Co., Ltd. (Extra Pure | amount of Liquid A+ Liquid B)

Reagent)

Table 7:
Heat Conductivity | Viscosity (mPa - &} | Abrasive Wear of
(WmK) Mold (mg)

Ex. 4 2.8 140,000 1.5

Comp. Ex. 5 1.6 142,000 1.5

Ref Ex. 1 Not moldable Not measurable 6.5

10 Table 8:

Heat Conductivity | Viscosity {mPa « s) | Abrasive Wear of
(WimK) Mold (mg)

Ex. 5 1.9 176,000 0.10

Comp. Ex. 6 0.9 176,000 0.10

Ref. Ex. 2 Not moldable Not measurable 0.25

As will be clear from the comparison of Examples with Comparative

Examples, the resin compositions and the heat-radiating members prepared using

19



Conp. Ex. 6 0.9 176,000 010 Ref. Ex. 2 Not nol dable Not neasurable 0.25 As
wll be clear fromthe conparison of Exanples with Conparative Exanples,
the resin conpositions and the heat-radiating nenbers prepared using 19

t he al um na powder according to the present invention were found to be ones
each having a high heat conductivity, excellent flow properties and a | ow
abrasive wear of nold. 5 Industrial Applicability The al um na powder

according to the present invention . can be used, for instance, as a filler
for o r ooith® abtEeBlERER vl thin Sdeairegns Seasne B SRaTa R ficbr 1 or
a heat - r adiaatrignghigiriear corvbreeoitgrexcélhat fleat propaitatiang .newhbraprepaned
using the spherical a -alum na powder of the present invention can be used,
for 10 instance, as a heat-radiating sheet or a heat-radiating spacer when
assenbling electronic nmachinery and tools. Brief Description of the

Drawi ngs [ @usilial ApAlidiv@ayam for illustrating an enbodi ment of the device
used in the 15 practice of the production nethod according to the present

i nvention. Desthf pHV@HDPOVEet @FLrdngNgniicapesent nyealopatay PalLsethppIy
port; 2 | HBUARRY as éoﬁ%r@emau@mig%ngmn%n%m fAOEdAlirtk &@@i’ﬁcgahampai AR Qvi ng
gas- suppl y.,,por.t ; _Furnace; 6 - ating device; 7 - ustion

Gas- suppl JUBY B p3+trath B st oMot B i g e L yarse: rogared

Col | ecti ngskrhg\ﬂihe&iph}zﬁicg] o -lxpmieala; ]_)(AwdeB,of(Ihe Rebntt ol enmeas usie ie nisedf for
tenpejat ufr?stanc,%p ag\h@the'a?-r&iigﬁxqg%h'egt: or a heat-radiating spacer when assembling

electronic machinery and tools.

Briefl Description of the Drawings
Iig. 1 is a diagram for illustrating an embodiment of the device used in the

15 practice of the production method according to the present invention.

Descriptlion of Letters or Numerals
+ Raw material-supply port;

+ Burner;

20 « Combustion gas-supply port;

+ Combustion-improving gas-supply port,

L B e

+ Furnace:

6+ » Heating device;

_._:l

« Combustion gas-supply pipe;
26 8- - Combustion-improving gas-supply pipe;
9+ -« Collecting device;
10 - - Blower;
A, B, C+ « Point of measurement of temperature.
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1. a -Alum na powder characterized in that it has an average sphericity of
not; less than 0.93 and it has a content of a -crystalline formis not

| ess than 95% 2. The a -alum na powder as set forth in claim1l, wherein

t he average sphericity 5 is not less than 0.95. 3. The a -al um na powder
as set forth in claiml., wherein the content of a -crystalline formis
100% 4. A nmethod for preparing spherical a -alum na powder which has an
aver age ggrickgy 8f,not | ess than 0.93 and a content of a -crystalline
forrnam)né}9 thsrctainedifg not | ess than 95% characterized in that the

net hod conipr i sesAlheinstiepslcdichatdlesfdtianihag itmedahh iaGerlzd AL ROWOESt OF

al um na powder _t hr hythe treatnment with a flanme;, (2) solidifying the
sof t ened g%gvs\gfel?n @ﬁg%%ds’itﬁdbtdh(’@ n@%ﬂg’?t %r%ﬁgﬂﬁ]&ez@% 15 ’E‘r%\tl ) hﬁ"léldSI 53’% a

t enper at uiZe r dhlgi mgpliimam 8OOSO C)rtl W (13)m ilneheashnhe bheragoaplericitpf a
- phaseg by ; paSSiL NG l'idified powder through a zone maintained at a
tenperétuﬁeﬁgagﬁgﬁgmﬁ%%ﬁ1950 to 1,500C and (4) collecting the resulting
powdery producthemmidlememobpyger he ssarferthsin qhan et Whekeas thetconfent th @ n
claim4, whesgimmdbensefibgned powder is passed through a zone naintained
at a tenperature rangi.ng from680 to 780C . in the step 20 (2). 6. The

met hod as %set a’rﬁttﬁm? ProiEPAIES SRhereain o Hemdpt pewdar ﬁ’é\}\ﬂb£m$ &N GHEERY

t Er ough aslzmxa:nryaifmoaiidsedﬁaﬁ Oa)ﬂzﬁffpﬁﬁt?itﬁﬁﬁoﬂ a;ngiyﬁgﬂlﬁﬁé)fﬁrﬂa, £86nd @t#@r@@oc in
t he ep. (2 s T, thod as set. forth in claimd4, wherein.the average
spher?@it?gfgs%éFnﬁé%éﬂﬁfga%ﬁﬁﬁﬁg% gﬁtgﬁe?ﬁg“ﬁgpﬁgﬂﬁﬁ§t 5P3Pth in claim
4, wher ei At heofonngnmahlle -adwysthah| poeddrorom alenib@0Yowder Atreagh the

conduct i V%‘e%%?ﬂ%fth%@] pprising a resin or rubber, which contains
spheri cal @ -alum na powder having an average sphericity of not |ess than
0

0.93 and aokdfitiemt ther sallened spasrdernby f easwingf thet sanee sthrhugh 95ogone
i ncor por aheGhiaftdd thetch@firBie rah B g MR8 tdBpoThe heat conductive
lcorrpo{stjht : g%«:r%gsginfg (%fug Qorlltgn% lo? Iamp%’asg\,gj? ri)glssri]né ?l?e g(\)ll?cflﬁ(gf pogﬁ(—t}retrhlrgtllél‘}/ al S not
€ss an . .

zone maintained at a temperature ranging from 950 to 1,500°C; and

(1} collecting the resulting powdery product while cooling the same.

5. The method as set forth in claim 4, wherein the softened powder is passed

through a zone maintained at a temperature ranging from 680 to 780°C in the step

20 (2.
6. The method as set forth in claim 4, wherein the softened powder is passed

through a zone maintained at a temperature ranging from 1,050 to 1,500°C in the

step (2).

7. The method as set forth in claim 4, wherein the average sphericity is not less
25 than 0.95.

8. The method as set forth in claim 4, wherein the content of « -crystalline form

is 100%.

9. A heat conductive composition comprising a resin or rubber, which contains

spherical «-alumina powder having an average sphericity of not less than 0.93 and
30  acontent of «-crystalline form of not less than 95%, incorporated into the resin or

the rubber.

10.  The heat conductive composition as set forth in claim 9, wherein the average

sphericity 1s not less than 0.95.

11. The heat conductive composition as set forth in claim 9, wherein the content
35  of a-crystalline form is 100%.

12, The heat conductive composition as set forth in claim 9, wherein the spherical



11. The heat; conductive conposition as set forth in claim9, wherein the
content 35 of a -crystalline formis 100% 12. The heat conductive
conposition as set; forth in claim9, wherein the spherical 21. a -alun na
powder is incorporated into the conposition in an anount ranging from 50
to 95% by mass. 13. The heat conductive conposition as set forth in claim
9, wherein the spherical a -alum na powder is incorporated into the
conp05|t|on i,n _an ano ran om 5 70 to, 93% by mass. 14. Th heat
conduct i ve® COHBTE P98 “d% nge 1’9’%?%({1”%‘?1“81 SPHROGI AR B AMPWRE FRgiHe 4e rgm

epoxy resVﬁHoEﬁ%dﬁhmaheat conducti ve conp05|t|on as set forth |n clalm L¢
1Gon uctive

wherein It 3' S YRe Pe 1fc%r1 ¢ ?‘vc‘ n%pos ST gﬂ)r} 1(;1 10 % vh 10111 n1 phérica
COI’TpOSItIOﬂ as se E% I'n clhalm Vaﬂlg IH ?1 E)’eY 'i? ﬁ‘cicone

rubber. 17x- aTrhr@memwrbﬂnd umt)tme‘atmirup@siha omasityet infor ainoumt mrmirg frém
wherei B i t70i5 94886l A8ss. @ heat-radiating nmember. 15 22

14.  The heat conductive composition as sef, forth in claim 9, wherein the resin is

a1 epoxy resin.
15.  The heat conductive composition as set forth in claim 14, wherein it is used

for sealing a semiconductor.
10 16.  The heat conductive composition as set forth in claim 9, wherein the rubber is

silicone rubber.
17.  The heat conductive composition as set forth in claim 16, wherein it is used as

a heat-radiating member.
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