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SPECI FI CATI ON Al um na Powder and Met hod for Preparing
the sane as Well as Use Thereof 5 Technical Field

The present invention relates to al um na powder, a

met hod for the preparation thereof and the use

t hereof. Background Art 10Recently, the anmount of heat
generated by, for instance |IC devices increases
steadily as the progression of the mniaturization and
speedup of el ectronic machiner aqg tool s and
accordingly, it has b&fE(d Jﬁﬁgﬂ » a heat-radiating
nenber used around the surroundlngs of heat-generating

f. the d f '
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there 15 has been under study the use of a re3|n or
m%ggﬁgﬂﬁm&aed Mﬁth al um na pomder as one of such

heat iatin na i s._present ay.
Var | oTGF aReteRysPRPRIHL gpiicedd ERIRS TRvRRS K gheliByiler he
Q@rejpryigaatherqvt agd sheesse thereoa - al umi na can sui tabl y be
used as a material for a 20 heat-radiating nenber

3%%@% ﬁrs since it has the highest heat

ety However, a -al umina powder is in genera

in t hRecbotlyrghé mewuot ofdlrppt geneshied byhfap omtance d Gtdeaigeeicreases

('sgs,r’ldﬂﬂ Jsh@hJ %S@r@§31cﬁ1dg§ -thé eRirs\AResLA aﬁlguﬂﬂae&li}ﬁwsc)lecm onic
i S

aso xi sting Clrcunsta
G DA nfealﬁp%}ﬂgfl%sal“ 8 1t df B AR ELat oo pegiptine
chemsliet yused aroural thergercamoungt ofhebitdensrabing atndtthaakeices to
526e Mfleruﬁxﬁ)rgxf/ecf h&tdadialb® IEhQFa@ﬁem‘s‘QELdUGﬁ iy@dpoRie é’h 1h1.5 thele

al um na. tion, o arls S such
e b ravidsr S oAby B dacaeT ! STy AR g i one
otitychfhent-rasitampcepembbe. machi nery and tools used in the
bl endi ng thereof with resins or the Iike such as
kneaders .and rolls and gu s .used transﬁgrtlng ﬁ 5
compobEiEh 1§ HEPERH g FEF i EREine SARUETSS ol 1 O 7
asdaf noystlalbine tsteged, ibke mslbdnmarcamhdalvig hehwesed as a material for a
%9M§S*in%nme§1%er amonE Wthd:Bl énéeeﬁsl%b Lﬁehﬁfgﬁeﬂal\!e%i conduction.

varl ou een | nvest | gat e ijg g_g e 1sh

aloisi #a obé 12 goyy dehis lﬁﬁgﬂ?lla t Bﬂlé‘f“? Af © Ei“UrﬁrHﬁle( Shapes
pﬁmd:@rdgess(opnsﬁmrfeﬂn af:ﬁlgedlreaghamasan 3sutdegtapegue For this reason,
£ ﬁmsﬁh? élycum{c'ess'm Garfho® hERn B pcﬁ‘ﬁilew il Bshn@Wr lubber at a

mat eri a m na throu eatln th

Pisinienata of e or8kth PPy el LR M8 opb e Rl okt e of the
highsiicak kometitmbL s: -sliedinas 6n adGitionya peobdend 8lso arises such that
'tl‘fcrsgﬁtﬂhhl'n?ae gﬁ&rﬁ&? pl%h&lé] rﬁ‘éﬁ sh QY RN whih bRE He@lstance, the

conduct i on i nst ance,  Pat ent

nachipes RS P& R AR ) FEF%H PJE@%% {TI?ngu"h as

gphekicahd aollsabnbbeappentdifor thatsptitergr # subpssitidn toebuding, for

RHUPRIEPALA! Yo SERTL D AHENb e TRE BRARTE] BthyBiion

y Inventors of this 5 1nvention indicate that

content of a -alumina in the resulting product is 85@6

and &Foprbil emdohuiserahiase sasacly bdeat invdeigabtidnihe use of spherical
OV |y a product having an average sphericity

%%“Thggg?%ﬁr of at highest 0.91 as expressed in terns

of the evaluated value of the sphericity as will be

descithbgd mabtetime) Bplagtital iadininRapender Dacpmpated2according to a

gecpr%gluefa G ddatx)nenqiyiﬂyl gcgnglﬁj f{? 1‘?% ?Aesge%‘rﬁf %gﬁﬁlfgo% B SPAELRGf alumina

aggmﬂhbe%tmgaﬂwoﬁam athpa mmpng t%?‘fﬁ‘%ﬂ”é% alugyjpa pgwder is in
method of this literature sinply provides, in the
existing state, a -alum na powler whose average
sphericity is at highest aboyt O0.80. Pat ent

Docunent 1: JP-A-2001-019425; 15Patent Docunent 2:

JP- A-9-086924. Disclosure of the Invention Subject to

be attained by the Invention Accordingly, it is an

obj ect of the present invention to provide a -al um na

20 powder whose average sphericity is not |ess than

0.93 and in which the content of a -crystalline form
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(1) softening netallic alum num powder or al um na

powder through the treatnent with a flane; 35 (2)
solidifying the softened powder by passing the sane

t hrough a region maintained at a tenperature rangi ng

from 800 to 500C, (3) increasing the content of a

- phase by passing the solidified powder through a

region maintained at a tenperature ranging from950 to
1,500C, and (4) collecting the resulting powdery
prpdaliite whitésssucbobi fig &.he , sades cBrsfalheastato ndidt anpdnierior in

CRIROS c%h(ﬂ[bti@ﬂ '%) rcl 348 Fr ‘ﬁ?’ét&(ﬁr PARDB it € Rspecified below)

cont al ns m na havi n an av

sptfasee ﬁtrye%f-'d o orEetnd A T5:0% SRS eOHTap T fhegesulis of
-tﬂie )Sﬁmﬁérhmrtaryf eramiohtinGtof s getthdra®®dh outhydhp drvantds of this
t tholﬂ Snbifstk q:%] W 9f Lﬁoh(%nﬁﬂrl@b)?ra ah‘@rﬁ‘fﬁ% i Qe %gu%lﬂg’ PR ahhiss 85%

I nv rs. o g i nvention
CEIOBIA S ASio GRS ST G BT B0 OB rpdet having an
pﬂmf@é dphsidy an vke yrder gif zﬁﬁhghlﬂsc i0t91 anexmedredhn terms of the
Efu%ﬂat fafluéaof Ykl Hb d@&\ﬁ%ea héiﬁr f OH{‘Qdaltlaﬁ Patent

ericCa um na ng aVI ag’ en anced Coa I'lt |
ocgmegy v <epaci }els}eb hitisg PﬁeBé" Bret g %9‘33&1%?‘1‘?8 o-spherica
Wit CORPIGhSRS akliemstaps obfinbeatalimmatiangclesbat tHeanethod of

%}n%mlt@t'{,ﬂle po %ﬂ'ﬁ)rly %{r%\ﬁhéém x?elh@ %\Qﬁﬁﬁg bs)(aL@pQJ ngﬂgnﬁ poqvger w 108¢

@d?!‘%@ﬁ?]ﬁﬁmwg%%hli“ﬁh‘?‘ﬁté A 8hg the same to thus
recover alum na powder, wherein the alum na powdery

Pr BgUsE DAL e AL flogad| are | s once passed

a region of zone malntained at a tenperature
raﬁ@heﬁbDﬁWI@@OJEé%@%@zﬁo thus solidify the
heat-treated powdery product and further passed

zone mai ntained at a higher 20
IHN&%QP 8HL§9ﬁw%:§%ﬁ om 950 to 1,500C and have thus
é?ethmctem athpdngsk tinyen$i®Rt i on. Effects of the

I nvenMcefﬂnTélﬁ m&@&@rﬂmdcn\tseme PRsper Mivhistidoh® poeidct Fdamina
r
é)owﬁ&h \Sfl{%s% adv?laaﬁe% #gpl&% %%op %\Qgggarp@él% ggd ql? vﬁch% l?‘xgeconteni of

- pwt%lmq fﬁémﬂ%)ﬂ?ﬁ lgys thap §6%. Hris gnat bﬁra@éect e%hé ﬁ)éffwh'éwmon
ft@ljzl’@wdlaf a ROIthb® &S rbpay 11955% alMaria@\peivded hatibe sach characteristic

Ilnopeﬁ]xer%ady e%s :Aa%/ IIIH%S]%I%S b‘igﬁgtﬁ% {ncggpblhatﬂlr OR&r | Sﬁﬁmg *

I'ncor por a resin or r Fesul t
bilemédnacemtdsr wtaglor H@‘b%ﬁ“@nﬁ Y4 powder nmay have a hi gh
al um na density. Nbreover the a -alum na pomder of 30
t he esent [
—crys gre spemh?zﬁ féll&ﬁl%gaagg cl:llgl"r é1§ ﬁ;ﬁkf?&trdeagg riing. to Lh?] gresent
pﬂ@aU@mlon of , for |nstance aresin conp05|t|on whi ch

i1S @xpzﬁinhaaboweﬂ&xax Ateaize6 ONEHG if 1013 aalrudfevdgie@bhér&mym 8ot less

UIt yse as a radi af i | t he
Bner P B s BpRE Rt AR ELAR B pB
£or Amrthsy:l oy PORAringe o FvBNEA B I evlpfrléb@wn ATAF @SR ¢ ‘fpcbﬁmty of

whi hesbe&hdeSTo3 bed 4 RoARGLE oded ak)stHBheOVIorm is not 1dd3ethmn 95%,
to t resefnt i nventi on has

cco
gﬁgﬁdfﬁﬁcggwgﬁ{g?f%m%Poﬁer?“%gtgs &% Aver age
§phemspltinine opetadic |abesinuyanp®8 andlembenpeyiderofthepugh the

m%gMﬁ&ﬁhhupgg&ﬁhﬂ]Oﬂ t he order of not |less than 95% 5
nventi on

rese
e orituiRatincaniigy Bradaht e BaSE e, SBHE Ml 3 region
théntemsdlat amgnp@tmwn@ngdi@esfim 5E8%e an extremely
hi gh viscosity, the powder can be incorporated into,
for instance, a resin in a |arge anount and the powder
is |ikewi se excellent in theflow properties, since
the powder 10 has an average spher|C|ty of not | ess
than 0.93. Accordingly, the a -alum na powder of the
present invention is quite useful when nolding, for
i nstance, a resin containing a -alumna powder in a
nmol d. The average sphericity of the a -alunmina powder
of the present invention is 15 preferably equal to or

Su
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35determ ne the desired average sphericity. In
other words, if the area of the true circle

corresponding to the perineter (PM of a particle is
assunmed to be (B), the sphericity of the particle can

be represented by the following relation: A/B. In this
respect, if assumng a true circle having a periphera
length identical to the perinmeter (PM of a sanple 5
particle, paraneters PMand B can be expressed as

@) | pwesasipilthe goritentrofamdphBseby passPyg thedolitieépovdsr thinmgh a

f@,giog%ﬁgfa&ﬂda;tlaqemEi@lla@@«e r@nng ro¥n 490M62 566°0; 4nd

se uent herjcit rtjcle Is as
Eetk it ivery oA BRI e Tre
s%herAduewcqnducieteecrompnadmﬁ ormpOfnpar tesizl @sruabdi twhivhi doytains
sglaehed Jo%g}' Bﬁkﬁné%mr‘éé&%}éﬂbu J/ Hp&ﬁ% rﬂﬁ‘aﬁb@ 83 and a content

avera ese nts_| efl ne he
ﬁa%égﬁdél Igbﬂew qu}e ess thapy 9?%&“&%‘&?{3@&? 1o, i goin or the
-roblyat al | i ne forn1|n al um na powder is |ess than 95%
t he resulting conposition of, for instance, a resin

y o y sllghtLy be |nproved inits heat conduction

%"H‘S riping tha siesta powder can be i ncor por at ed
i nt o Theinlbnicesgfabistinamtion havheagucied sitbysiendudies to obtain «

L gﬁﬁﬁﬁ&?&w(ﬁrn&vm\?&#th'l%‘?ﬂ#hﬁrﬂ,lgﬁﬂlﬁ h‘ﬁheat Piea ofjsfxe ﬁét&llme
?rabek%‘i'ﬁeghusrf?én%@fﬂ sPlrisel ey Alymma. B r#aa%raﬁmérenhamed

keawtieng of aCcatytwiilineofora caarysp@bhiedehyf ammiabdadichaguplises the
fgeé%g?h(z “eéadﬂgfﬂl{faahl?%ﬁ&rﬁ{n P@\P d)f%'l%ﬁ%%o%gt ﬁ}pgpﬁ{/mg a

um na
Sleareabatsty toghas pelies e ‘ﬂﬂ‘ﬁ? gewgs Hitpiarrallosiigs 6y gemarhile cooling
thapambeo &hu$haa8@,1 dbithiniat ponisl, dviareihude, aliimina Psidanc product

GRat: Q-L&'L JPQ?iaWe 1%'01‘{{1‘ ;g.(?s/g t én'&?\;?{ 14 ?%m% SIRQ E‘r?a”ﬁa%HeH at a

an annun such i'nevi
émﬁ@ﬁﬁga%lég rﬁ%a G tp P%Cato thiu ey foadent trgeigd powdery
pesdRich antl hfusthae Rscelatinesglany rgidbbe rohd ridietapredcit @ehigher
[, 2 T,

Q%mﬁd}?mﬂ %%ggﬁlg fﬁ(}ﬁ? %bgﬂ d]g§0e[f¢n arllrléi dl?ave thus J\%@gie@éﬁ Ll?e present
ERHaet i on deV|ce using Cu-K a rays accordlng to the
foll owi ng net hod: The neasurenent was carried out

ray diffractoneter (for instance,
%Qgggggq\@%\%tf%abl e fromJEQL Ltd,) and a
sci ntThe 8resent devamtiep ﬁ@”ﬁtsdélﬁ‘ed%i%f}uc&ﬁ’de?f piHgrical o -alumina
pokliavhngnBAnconrdidd gnsriohy BEastl@sentn (898 apdld ethtent of «
\C/f?{’/tet?%lgﬁ %r 49 rkcy fa%n ie l eéltlgs rylg{all?lg]e fcg ) 098‘10@1&% than 95%.
Moggptvey, ek%eﬁh@l 9 al#mltiw m»?demﬁlavme %bs@%@é@ﬁéms ifmBroverties  is
Gabipoftie®Uhitodd rdsifil@PruBbg] eh@&eéﬁhﬁlrzg,degm/d&toammg tHe alumina

mafeli!rrln 121\?({][5 hl%h gluln}]lseg{a }%g nalelﬁoerogerngh Eﬂlmxﬁa gjowger of

cannln néasurln
Weepreeent atveatlpeh@ a yighropBnt 0B erysGdlingelgyn ap ﬂtuﬁ @ccordmgly
fdstimd 1rptlﬁ£1@1,od{zaﬁ)1135 @ahﬁﬁaﬁbl Ryl Eéﬁﬁp{bsﬁmcﬂf eﬁﬁhegi excellent in

S in used r. arin alib

0 Bt Bl A1EEVRIR s DRP A E Y e Ly e pocenia
@d, in @@Q:ipl‘odhdmﬂ afhfer tmme Ifedewice$. " Al uni num Oxi de (a
-type)) and 6 -alum na (avail abl e fron1Denki Kagaku

under ade, nanme of "ASTP-20"). The
g%ﬂg)f\g(f"iétf?r HAITERES '\llvgée E)’?Vé"BHP%d through the use of 11
sanpTée powdet svebtien widbdgesbiitmddinmgora detdillhelova and 6
-alumna in mxing ratios of 0:100, 1:99, 3:97, 5:95,
7:93, 10:90, 20:80, 50:50, 5 75:25, 90:10 and 0: 100
and plotting the results on the X-Y coordinates, with
the peak area of the (113) face on the X-axis and the
rate of a -alumna on the Y-axis. Then, each sanple
powder was inspected for the peak area (Y) of the
(113) face and substituted in the foll ow ng equati on:
Rate of a -Alumina (% by mass) = FY - (th.e intercept
of the calibration curve)]/(the gradient; of the




10

20

30

35

production of spherical a -alum na powder whose
particle size is on the order of 50 m The raw
powder nmay be supplied to the furnace in its dried
powdery formor may be supplied thereto after it is
converted into a slurry in a nediumsuch as an al coho
or water. In the present invention, it is preferably
supplied to the furnace 5while it is acconpanied by or
entrained wth a carrier gas such as oxygen or air.
The flame can be formed by conmbusting a conbustion gas

such age hyd6REBAL IAGwdeR aﬁdéﬁl@lhn@ a8, t1ac i%%éélal@ln @n@@:ﬁom hae such

t(maganels %zab??%ﬁé(?‘ﬁra&%%g%gle 159 LJH En‘g@ fi]ll 8 9‘6‘ ancal acontent
safppleyysiglliae fembusthiconder binpinpssohbn@sYPas such as air
or oxygen gas through a conbustion-inproving

gas-supply pqort . (4). |t is herein suitable that t

P oo P B Pt b debof S Brevetlom VB 5o B Pty ket o
nostahes s hamrlB0DE, dndrepnibingreatppysition dbessoittan an extlemely
%ﬁg@@rsc&éﬁ t%@%@vdlaxl tbeolfnc&JB@l aud BRI, ti&”ﬁﬁfsﬁﬁ:@ raelegﬁymbdelarge

| NCr ease for, i nst 25
THRROY Ei? éi%%f eepllenti & ﬁl@‘éﬁplﬁ}%ﬁ%ﬁ«@ﬁw theppwder

auﬁlaﬂmvm&gekﬁhanﬁuenédoammsnhhteHQSisAmﬁmﬂngmaa$eda -alumina
r e

IJ%W&QQ Ot@xteg)%b%n%v@ ﬁéﬂ;%gleu?%? ;ﬁgg@%{l%‘idgﬁslg @Pmsﬁge a resin

§81“iaé‘?lf1§ ¢ FEURBaRey il HBOKY i al into spheri cal

al um na pomder and then the solidified raw material is

furt h’?fle *.'}Hi B%)%hq gglbi!’rﬁgpth@ He'ﬁﬁfnﬂgl dc? &r %@ pr eéerﬁt 'ixmeﬁtlon is

respect urte | orta resen

%%‘g’rﬂbhb?\q%% &% o Rishpr g‘?ﬂﬁ“‘c‘? ‘Prggtp ‘*t?‘é’éﬁ%‘ﬂ PYfj 6t"Iﬁedalsfol"*z’si ving an
Ia5e2@e epleicpass atnéd rqughto ahg apyeerimhitbail W8d afrom the practical
& Eémﬁgcﬁﬁtu Etemﬁﬁ'ﬂrgfgﬂ&xﬁlfa 0 ﬁﬂqﬂst Q- §1Q:9§n9t%91t'i@£rllagﬁ%5£{javerage

erature rangi
fﬂ%ffﬁcgts'o’@tsbdqm@w g mf@n&l%wh%so tp dhissogeciim it bigher
sheaidragakpherrith] Fehed: ainding pafigdtd, nlje highat menflow preperties
Qﬁ&%&n&(ﬂﬂ} ' G5 E!Phéﬂsﬁig”&% Qﬁragllas@tweta?@i’%r\% féq}e oi;) %?El{elnery and

resent | nve érature prior
rt‘é:ﬂﬁ‘éa’t‘lldr}\’@ supaiap fratht e §Cedset at a | evel of 500 to 800C
for the follow ng reason: if the softened or nelted

r aW %@IIIL arjeﬁclnﬁl LHE—* rang %%gd%p'hgﬁﬁt)t IE? tﬁg a&' ﬁgmgri?av Lg\?der of the

tPEs‘?f’ﬁé‘r IR eREOTHS &H@melr?é‘r?“@@@&m‘% ﬁféOWé%& folt ﬁﬂg Sl s Befdets’

is insufficiently solidified and this accordingly

”everM[c‘F%%%ﬁs P aiﬁ‘zﬁ x{ae‘ﬁ%ﬁ:ﬁ&é ?Iﬁ %Lxum rﬁ@m% %\ﬁﬁ%g electron

ricioprepe dMgdelad £$§GBQM$V3%16b]€ Heom eIF:%latlutér att raealtaa@ﬁfatm of
k500 3 himan RE0Ges hhhﬂn@ apRkYEE 8izk ohaopldasthaartd (an, x3000 for
I e I
SELFA B8 VAR e 2900 0 B DRI 8 .,
&pifiyler @fumw rArtipien Aapesderartighe sy Aot dessHaan jlpgn and less
S}Lﬁ:po ,aﬁﬂl ahPixS0@050r BRWEha lp@ﬁiﬂldsshalvﬁlgt ahp@mcmermtdf Qd3s @fian 1 .

lf}n?, ?rﬁ) e\S(d Ilf' VI ndgthe ¢ PpTID legrggl%n%i%ts emrn'e{:e'rt yl%’l%i tﬂgﬁoartlcles

alrw detepmiedhen thhdasisopiidhirc sopnsiryotlogentedaiod rigeen (SEM
Bﬁ&@g&%bhlnﬁagd%? aﬂ@ [l%sb aé(ﬂa%e SullsEiRR N &t teSolldvang bfghtfon@Bthus
gt e IROGedi 2 RbrAE34HAY LK 10-3 sec and .

T eFers 9 Hot E%§5§¥h3 .1 sec. This residence tine

can be controlled by appropriately adjusting the

gas-flow rate in the furnace. 5The atnosphere in the
heating device (6) is maintained at a tenperature

rangi ng from 950 to 1500C. This tenperature control

is carried out by any external heating nmeans, for

I nstance, gas conbustion or heating wth an electric
heater through the furnace wall. In the apparatus as
shown in Fig. 1, the tenperature control is carried

out by the gas conbustion system using gases 10

suppl i ed through a conbustion gas-supply port (7) and
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It is suitable that the alum na powder according to

the present invention is 10preferably incorporated

into, for instance, a resin in an anount of, for

i nstance, 50 to 95% by mass and, in partlcular 70 to

93% by nass. Anmong t hese resins or the Iike,
preferably used in the field of the heat-radiating
material are, for instance, silicone resins whose

or gano- pol ysi | oxane 15 backbone is conposed of

di met hy bsiel oxadwe iflihie tase anitths i thiccarmd: cesdspendiyp iiethe perimeter
O(FP%”&" ;Pg;'d}‘éélé Q§ %Iulﬁ?@d? KDRERS Ogﬁr Elﬁgfmir Qf t'h@ giﬁaﬁas can be

P BB r i Taasting ReoBPw, Aflor ol Hiis Frvegingl Sskuming a true
heele- hadh@td pgriptedrelr loaktl sddnitighll 1o tlheepmbinete@r(@M)aof i Mmgample
rﬁ%(%%l &nQ% dsd?ﬁseﬁuplg clu ﬁeseyﬂa?@égeg?s fo'% hl Y MSRIR = T,

reln ar e |1 ON reac 1 ONn ﬂjUI ICOG
rapdprefnye Hha Solbppringetativntglde 1 LR a@d. t fegpsequently, the
rspaedidigns tofs madeleiions folaot i Sidetiyipe= |A/Bu=l A xgliA (FMAEThus, the

S:ﬂﬁgrg%t 2 %e%%nﬁ%)%{]ﬁmpwlptay@cze ag%llraﬁﬂr s&@&%l Vi?or? the SEM

c;ﬁlqusrctilhlgﬁn%ﬁs‘@uwlowraé’a&g@ dﬁéh@ﬁe m%&ups@ekntﬁ y-’péefmed to be the

adeidgh @phdrRagl i on type silicone conprising

or gano- pol ysi | oxane carrying vinyl groups at termnals

or on_side chains (liquid_A) and organo-pol ysil oxane

car r yle eantprdepdtthe vocpsiilig fogrp dn gsnainameppmiglless ghan 95%,

Qﬁe %sdﬁlrﬂg’f@lrrﬁ)%sﬁ,ﬂoh%ﬂlfﬁt 1113!)ance a resihlN@aPasky sﬂ@hi‘yffﬁé‘ 1rh11$1©ded in

1tes a0 ucfi 8{1] Setven 1{t sucg i & um% aonoew(P ?%k tl)éparemo% ye)y a\E d2 mto the
P&ty Ve SITTE Ypack ¥Ype” adait Feactiv

§f>1|nme@h@ Wa@ lnalmdquss‘y @ad Itb@m@re dh@ amnosgmupsn%@éqw&ém use

@Etﬁﬁkat ﬁh%ﬂhﬂg AAckrial lhfalvul"grﬁgﬁrlﬁﬁﬂacﬂéﬂikupﬁlopbﬁtlelss The most
(gfcé Te ngISO Tmlarxtraot%\gd AN réacgéjpge&gsofra gncrgsta)?me imdn 5almost

teclu'rg tﬁblll%um@u Ligat therepf amin pr efwnigiglopntpnt plol 09%np| e

equi val ents of H Si. group per one nol e of vi nyl group

fromgt,he VI I nt

teoul T A EEBER Dandon bd8 et BopSBREH e 538 of appgrvstaline

phbﬁt@eﬁ?ﬂl@f tbeun thhec olepndueft vedd daghede, Kriasiaare, ¢ miphma and

aeﬂdldnmﬁa a{se@@%ltﬂﬂle @&Sm{éda@n@sdﬁhl &ﬂ @ﬁloﬁﬁﬁﬁi hﬁ/ﬁxgﬁuéﬁtﬂ%i and even if

%cé Jﬁ@\élﬁabée ﬁorB]édn[j\élgs arfe dmecrY] iz 1&% éxl %ﬂ? g“tm% Row?im LH;éd herein, this
addirtcaeses eas orobdem am thaipeciideiof thedznaping dnentipr ot all.
i ncl ude platinun1aton}containing catalysts such as

Pt, ti | ack, chl t "
a1 ConB HRTR FB d° GBS PR Ride Ry B iAoy e pmegipetin
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Raw Powder 2 Anorphous al um na powder (average
particle size: 3 g n) Raw Powder 3 Metal al um num
powder (average particle size: 10 g m Table 2: Raw
Powder Ant.supplied to furnace (Nma/hr) Re-heating
device (I\In8/hr) LPG Oxygen gas LPG Oxygen gas Ex.
111050525 Ex. 2115 755 25

production of spherical «-alumina powder whose particle size is on the order of 50
um, Theraw powder may be supplied to the furnace in its dried powdery form or
may be supplied thereto after it is converted into a slurry in a medium such as an
alcohol or water.  In the present invention, it is preferably supplied to the furnace

while it is accompanied by or enfrained with a carrier gas such as oxygen or air.

The flame can be formed by combusting a combustion gas such as hydrogen
gas, natural gas, acetylene gas, propane gas andfor hutane gas injected to the
furnace through a combustion gas-supply port (8) while supplying a combustion-
improving gas such as air or oxygen gas through a combustion-improving gas:
supply port (4). It is herein suitable that the flame temperature is set at a level of,
for instance, not less than 1800°C and preferably not less than 2100°C. The
upper limit of the flame temperature may be increased to a level of, for instance, up
to 2500°C. The raw powder subjected to such a heat-treatment with a flame is
softened and melted, is then passed through a zone maintained at a temperature
ranging from 500 to 800°C and preferably 680 to 780°C to thus solidify the molien
raw material into spherical alumina powder and then the solidified raw material is
further introduced into a heating device (6). In this respect, it would be quite
important in the present invention that the product heat-treated with a flame is
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
15007C and preferably 1050 to 1500°C or move specifically subjected to a re-heating
treatment in a heating device maintained at that temperature.

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 (6), while the material is still
maintained at a temperature higher than 800°C, the heat-treated product is
insufficiently solidified and this accordingly never resulis in the recovery of alumina
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
0 -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
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 temperature
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ranging from 500 to 800°C is not less than 1.0 X 103 sec and preferably not less than
0.1 sec. This residence time can be controlled by appropriately adjusting the

gas-flow rate in the furnace.

The atmosphere in the heating device {6) is maintained at a temperature
ranging from 950 to 1500°C. This temperalure control is carried out by any
external heating means, for instance, gas combustion or heating with an electric
Leater through the furnace wall. In the apparatus as shown in Fig. 1, the
temperature control is carried out by the gas combustion system using gases
supplied through a combustion gas-supply port (7) and a combustion-improving
gas-supply port (8). It is preferred in the present invention that supply ports for
the mixed gas comprising a combustion gas and a combustion-improving gas are
uniformly arranged in a number as great as possible to prevent any local heating.
In this respect, if the atmospheric temperature of the heating device is less than
950°C, the alumina powder does not easily undergo the phase-transition into its «
-phase, while if it exceeds 1500°C, particles may be fused and combined together to
thus adversely affect the average sphericity of the resulting alumina powder.  Itis
preferred in the invention to sel, at a level of not less than 1.0 sec, the residence
time of the solidified alumina powder in the zone maintained at a temperafure
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,
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 f{ilter.

The spherical e -alumina powder of the present invention ig incorporated
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
rubber, and ethylene-vinyl acetate copolymer. On the other hand, examples of
resins suitably used herein include epoxy resin, silicone resin, phenol resin,
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melamine resin, urea resin, unsaturated polyester, fluorine atom-containing resin,
polyimide, polyamide such as polyamide-imide and polyether-imide, polyesters such
as polybutylene terephthalate and polyethylene terephthalate, polyphenylene
sulfide, wholly aromatic polyester, polysulfones, liguid crystalline polymer,
polyether sulfone, polycarbonate, maleimide-modified resin, ABS resin, AAS
(acrylonitrile-acrylic rubber/styrene) resin, and AES (acrylonitrile/ ethylene/

propylene/diene rubber-styrene) resin.

It is suitable that the alumina powder according to the present invention is
preferably incorporated into, for instance, a resin in an amount of, for instance, 50

to 95% by mass and, in particular, 70 to 93% by mass.

Among these resins or the like, preferably used in the field of the
heat-radiating material are, for instance, silicone resins whose organo-polysiloxane
backbone is composed of dimethylsiloxane units and silicone resins whose
organo-polysiloxane backbone comprises, for instance, vinyl groups, phenyl groups,
and trifluoro-propyl groups incorporated therein.  Moreover, if the heat-radiating
material is highly flexible one baving an ASKER C hardness of less than 25,
preferably used herein are addition reaction type liquid silicone rubber such as
those obtained through addition reactions of addition-reactive type ligquid silicone
rubber such as a one-pack type addition reactive silicone having both vinyl and H-Si
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 (iquid A) and organo-polysiloxane carrying at least two

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

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.  Itis preferred
that the mixing ratio of addition reactive vinyl groups and H-Si groups ranges from
0.5 to 3 mole equivalents and preferably 1 to 2 mole equivalents of H-5i group per
one mole of vinyl group from the viewpoint of the curing speed of the resulling
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
catalyst for the addition reaction can be used for the acceleration of the addition
reaction and specific examples thereof include platinum atom-containing catalysts
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such as Pt, platinum black, chloroplatinic acid, alcohol-modified chloroplatinic acid,

and a complex of chloroplatinic acid and an olefin.

Specific examples of such addition reactive liguid silicone rubber include
“TSE3070” and “TSES051” available from Toshiba Silicone Co., Ltd. or “SI818807,
“SE1885A/B", “SE1886A/B", “SE1887A/R”, “SE4440A/B", “SE1891KA/B", and
“CY52-283A/B” available from Toray Silicone Co., Lid.

When using the composition in the form of a resin composition for sealing
semiconductors, preferably used include epoxy resins each carrying at least two
epoxy groups in a molecule. Specific examples thereof include phenol-novolak
type epoxy resins, o-cresol-novolak type epoxy resins, those obtained by converting
novolak resins consisting of phenols and aldehydes into epoxy derivatives, glycidyl
ethers such as bisphensl A, bisphenol I and bisphenol S, glycidyl ester acid epoxy
resins obtained through the reaction of polybasic acids such as phthalic acid and
dimer acid with epichlorohydrin, linear aliphatic epoxy resins, alicyclic epoxy resins,
heterocyclic epoxy resins, alkyl'modified polyfunctional epoxy resins, £
-naphthoi-novolak type epoxy resins, 1,6-dihydroxynaphthalene type epoxy resins,
2,7-dihydroxynaphthalene type epoxy resins, bishydroxy-biphenyl type epoxy resins,
and further 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 type epoxy resins, and epoxy resins having naphthalene
skeletons, from the viewpoint of the moisture-resistant properties and the

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
selected from the group consisting of, for instance, phenol, cresol, xylenaol, resorcinel,
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 fluoroglucinol, acid
anhydrides such as maleic anhydride, phthalic anhydride and pyromellitic
anhydride, and aromatic amines such as m-phenylene-diamine, diaminodiphenyl-

10
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methane and diaminodiphenyl-sulfone.

A curing accelerator may be used for the acceleration of the reaction of epoxy
resins and curing agents for curing the same.  As such curing accelerators, there
may be listed, for instance, 1,8-diazabicyclo(5,4,0) undecene-7, triphenyl phosphine,

benzyldimethyl-amine, and 2-methylimidazole.

The following components may, if necessary, be incorporated into the
composition containing the spherical « -alumina powder of the present invention.
More specifically, a silane-coupling agent can be used and examples thereof include
epoxy silanes such as v -glycidoxypropyl-trimethoxysilane and B -(3,4-epoxy-
cyclohexyl)  ethyl-trimethoxy-silane; aminosilanes such as aminopropyl:
triethoxysilane, ureidopropyl-triethoxysilane and  N-phenylaminopropyl:
trimethoxysilane; hydrophobic silane compounds such as phenyltrimethoxy-silane,
methyltrimethoxy-silane, and  octadecyltrimethoxy-silane;  mercapto-silane;
surface-treating agents such as Zr-chelates, titanate coupling agents and aluminum
atom-containing coupling agents; flame-retardant improvers such as Sbz O3, SbzO4,
and Sb20s; flame-retardant agents such as halogenated epoxy resins and
phosphorus atom-containing compounds; and coloring agents such as carbon black,
iron oxide, dyes and pigments. Moreover, a releasing agent such as a wax may
likewise be added to the composition and specific examples thereof are naturally
occurring waxes, synthetic waxes, metal salis 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
stand at a high temperature, it is effective to add a variety of ion-trapping agents.
ixamples of commercially available ion-frapping agenfs include those sold by
Kyowa Chemical Co., Ltd. under the {rade name of DHF-4A, KW-2000, KW-2100,
and those sold by Toagosei Chemical Industry Co., Ltd. under the trade name of
“IXE-600". '

Examples

Now, the present invention will be described in more detai} 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

Comparative Examples at all.

11
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Conp. Ex. 5 555 501 296 1.3 0.0 Conp. Ex. 6 730 680
350 3.3 0.0 Table 3: Average Particle Size (g rn)
Average Sphericity 0 Rate of a -Phase (%

Examples 1 to 5, Comparative ¥xamples 1 to 6 and Reference fixamples 1 to 2
Spherical « -alumina powder products were prepared using the vertical

device as shown in Fig. 1.

A heating device (8) having a size of 400 mm (diameter) X 5000 mm (height)
was connected to the lower end of a furnace (5) having a size of 500 mm {(diameter)
X 2000 mm (height). The heating device (6} is provided with combustion gas
(propane gas)-supply pipes (7) and combustion-improving gas {oxygen gas)-supply
pipes (8), which are branched into 20 pairs. A bag filter was used as a collecting
device (9).

There were supplied, to the furnace, propane gas (LPG) through a
combustion gas-supply port (3) of a burner (2) and oxygen gas, as a combustion
improving gas, through a combustion-improving gas'supply port {(4) te thus form a
flame (having a temperature of not less than 2000°C) (the temperature was
determined at the center of the flame and at the distance, 200 mm, {rom the tip of
the burner (2)).  The formation of the flame was carried out by supplying L.PG 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
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 al the outer periphery of the discharge opening of a combustion
gas-supply port.  Each powdery raw material in the form of its dried powder and
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 {low rate of 256 Nm#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
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); point of measurement B (situating at the inlet of the heating device (8) 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 (8)).  There
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
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Ex. 1 51 0.94 98.2 Ex. 2 52 0.96 100.0 Ex. 3 51 0.95
96.3 Ex. 4 1.1 0.98 97.1 Ex. 5 0.6 0.98 96.5 Conp. Ex.
1 55 0.88 100.0 Conp. Ex. 2 51 0.87 98.0 Conp. Ex. 3

B-thermocouple within the temperature range of from 600 to 1700°C (both of them

are available from Chine Corporation).

The conditions for the heat-treatment are summarized in the following Table
2. The following Table 3 shows characteristic properties of the alumina powdery
products recovered from the bag filter. In this connection, Table 3 also shows the
characteristic properties of erushed alumina “AS-50” commercially available from
Showa Denko, K.K. (average particle size! 10 m) as Reference Example 1 and
crushed alumina “AA-05" commercially available from Sumitomo Chemical Co., Ltd.

(average particle size’ 0.6 x m) as Reference Example 2.

13
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Ref. Ex. 2 0.6 0.87 100.0

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

products each having a high average sphericity and a high rate of «-phase as
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Tri phenyl phosphi ne(avai | abl ef rom Hokko Chem cal Co.,
Ltd.) 0.6 Rel easi ng agent

Mont ani caci dest er (" WaxEf | akes" avail abl e from KURARI &
Japan Co., Ltd.) 3.5 Silanecoupling agent
Organo-si |l ane ("KBMO, 3" avail abl e from Shi n-Etsu
Chem cal Co., Ltd.) O.4relativeto alum na powder
10Table 5: | eatconductivity (WnK) Spiral Flow (m

Abr asi vewear of nol d Ex. 1.4.3 1.1 2.2 Ex, 2 4.5
1comparest mith ghose obsergigc? )f'or the ‘alumina powdery preducts prepared in

Comparative Examples 1 to 6.

Then the alumina powdery products prepared in Examples 1 to 4 and
Comparative Examples 1 to 4 were blended with resins to prepare resin
compositions and the resulting compositions were inspected for the following
physical properties, according to the following methods.

An epoxy resin, a curing agent, a curing-accelerator, a releasing agent and a
silane-coupling agent were blended fogether in a mixing ratio specified in the
following Table 4, subsequently each resulting blend was admixed with the
foregoing alumina powder at a charging rate of 65% by mass and then each
resulting blend was kneaded with heating in a normal mating type twin-screw
extrusion-kneader (screw diameter, I 25 mm; kneading disk length: 10D mm;
rotational number of paddle: 150 rpm; discharge rate: 4.5 kg/hri heater
temperature: 105 to 110°C).  The discharged product was cooled in a cooling press,
then pulverized 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

the following Table 5.

(1) Heat Conductivity:

A composition was poured into a mold provided with a hollow having a
diameter of 28 mm and a thickness or depth of 3 mm, the composition 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 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 technigque to thus determine the heat conductivity of the
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
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
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4.2 1.1 2.1 Conp. Ex. 1 4.2 0.6 8.8 Conp. Ex. 2 4.1
0.7 6.9 Conp. Ex. 3 3.01.1 2.1 Conp. Ex. 4 4.3 0.8
7.1 Furthernore, resin conpositions used for
form ng heat-radiati ng nenbers were prepared through
the use of the alum na powder products prepared in
Exanpl e 4, Conparative Exanple 5 and Reference Exanple
1. (all of them had an average particle size of 10 p
r@ggédghsg m; or the alum na powdery products obtai ned

[ rati ve Exanpl e Band Reference

&%ﬁ%’iaé "E%Yeé‘f IOF@gP?hem had an average particle size of

0.6 / 2 aynpagition dilng) wes hbwged ¢d 116 nyaprowed thesgmpdole of an
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| i |

‘Hléo‘f‘ﬁl‘ﬂfggﬁx " YR gyRressure exty erc?n‘l-i’;e;ﬂ’ﬁe PELigrs ‘?qr&he disk was

r edetriinel :Imdqthed‘emlt thoe nbtaindolbess qefioeldiot kg (e MESBR2 wear.

Liquid A" and "YE5822 Liquid B" available from GE

T,&%Ef)if%a Silicone Co., Ltd.), alum na powder and a

er were blended in a mxing.ratio specified in

thied bOMakaidlowi ng Table 6 and the resulting |Rate of Mixing
conposn _t| ons were | nspect ed for the follow ng /@W'hl%@é)

nr-onor

'T

T ¥ a o
| U 1 ll CD 1T C\)ul lD UUL Aarrmmcau C a ||| ||a

pfamw@ﬁnpr oduct|<” oresparoselak ﬁym@wpfaéraﬁabl &P ve
Exarrpl e 5 and Refigpenkeydua®dp)lecd) are summariged in

T Ol I I
uelqngf’ro%ﬁ({ewaIng af_;lqonolfn vX‘ﬂk ; gggg} ;ezcﬁeéplgjr&g Ig@an‘pl e
5 Conpar ati ve @zfaﬂrwl@fre @éﬁ@%@é@owﬂ anpl e 2

'si-l-Lcone rubber

anipUIRIEIE 46 ’1"}1;Ih|aﬁylf o]bﬁcﬁps\mﬂ@ Tabhigbde Mﬁn Heat
Conductivity of]. toCRae .8 ngIMFp‘oer o| t he

ver-e-r-epeat nrl v added

oo™

diedeasinigragent; i n Mewlenic th@dr et’%ﬂder( Wahlgﬂ@qeam 51&
powder and the |sivhiinOenskbRERARIGE FTaBa@Nds.t hen
Ltd.)

Silane coupling | Organo-silane (‘KBM403” available from | 0.4 relative to

agent Shin-Etsu Chemical Co., Ltd.) alumina powder

Table 5
Heat conductiirity 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 | 4.1 0.7 6.9

Comp. Ex. 3 | 3.0 1.1 2.1

Comp. Ex. 4 143 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 IXxample 5 and Reference Example 1 (all of them had an

17
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hol | ow having a diameter of 28 nm and a thickness or
depth of 3 mm the m xture was then degassed and

nol ded at 150t for 20 mnutes to give a nol ded body

and the resulting nol ded body was inspected for the

heat conductivity according to the
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" Al scosnty 30The silicone rub
ca&ﬁ?ﬂ”ég}&ﬁﬂéﬁb&%@]ﬂa@a th8dve and prior to mol di ng vvlth
heati ng was subjected to viscosity measurenent using a

B- typ%\‘ﬂ’c%ﬁ&ﬁetn@rad(i gﬁ CLi\%le%llélg}hlg:ofl% 8 MI \éfdd&g‘t‘?ﬂ%%
cigvﬁwde% ¢y o788 DRoibhr ot bomeroohbe Sirai, L)
cOnposi povoderpaepanethrédrovercaridngeli @r atmnxmgl witingspatifidrl in the
Qﬁﬁ&\ﬂnﬂgafgﬁﬁ, ®aAnad F’Ege %ylt P&hco?trz&lnlgglln nQ hb’(ﬂé&%tﬁé ?rh}é)wing

hi ckness 0 | aneter o
Rfyseal awpaﬁfﬁs»ml‘ 6f reuies eh*a!% \*@“&rf 6r PRgiay powdexy products
tyeogeedtin riesgpids U rGeresk stisdeExanglet HendeighindeoBsample 1 are

t ‘HEM L Al ;
st&ﬁmg ?t% ‘éigsthg?oblg\% %rggfr%}%et\}\%géwl{f (ﬁ@lﬂggﬁecpgm%ﬂﬁgalumma
l@ﬁltYerélPC‘ RECP L IhEBZHRBE D (Correes e Feanyyle Spndsleference

GSDd’zli]mpkEXaﬁe siefhabXedlinEXe BllComy Tdbte &, Ref Ex. 1. Silicone
rubber Liquid A, available from GE Toshiba Silicone

%o., Ltd. under the trade nanme of "YE5822 Liquid A"

B Bea Logdupiyiyodleat Badiating Mambes: avail able from GE
Toshi DattE dilieoseukiger lidutdlA, tigevetd eepehadly alew aall stirred, in

%@8%% ele%lﬁbrd Llﬁe" ilﬂ]m%ﬁl gt?w(ﬂr %e %ﬁ%?g 1'1%%%9]@%‘(1% and then
e ava

rﬁegg}nggglxtm[_et\@as c{eﬁﬁq%psa PG hg 1@@&1@1@&] n)un: sample was poured into
Q. Al wrdhidRispel hthotlhe hatiak 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
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.”

() Viscosity

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
rpm.

(6) Abrasive Wear of Mold
The silicone rubber composition prepared above and prior to molding with
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anmount of Liquid A+ Liquid 13) Table 7: Heat
Conductivity (WnK) Viscosity (nPa s) Abrasive War
of Mold (ng) Ex. 4 2.8 140,000 1.5 Conp. Ex. 5 1.6
142,000 1.5 Ref. Ex. 1 Not nol dabl e Not neasurable 6.5
10 Table 8: Heat Conductivity (WnK) Viscosity (nPa -
s) Abrasive War of Mdld (ng) Ex. 5 1.9 176,000 0. 10

heating was passed through a hole of an aluminum disk, which had a thickness of 8
mm and a hole diameter of 3 mm, in an amount of 150 cm?® using an ordinary
temperature-pressure extruder and the weight loss of the disk was determined and
the result thus obtained was defined to be the abrasive wear.

Table 6:

Kind of Material Rate of Incorporation (% by mass)
Ex.4, Comp. | Ex.5, Comp.
Ex.5, Ref. Ex.1 Ex.5, RefEx.l

Silicone rubber Liquid A; available from GE | 18.2 24.5

Toshiba Silicone Co., Ltd. under the trade
name of “YIE5822 iquid A”

Silicone rubber Liquid B; available from GE | 1.8 2.5
Toshiba Silicone Co., Ltd. under the trade
name of “YE5822 Liguid B”

Alumina powder 80.0 73.0

Retarder: Dimethy! 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 ' s) | Abrasive Wear of
(WmE) Mold (mg)

Ex. 4 2.8 140,000 1.5

Comp. Ex. § 1.6 142,000 1.5

Ref Ex. 1 Not moldable Not measurable 6.5

Table 8:
Heat Conductivity | Viscosity (mPa - s) | Abrasive Wear of
(WmK) Mold (mg)

Ex. 5 1.9 176,000 0.10

Comp. Ex. 8 0.9 176,000 0.10

Ref. Ex. 2 Not moldable Not measurable 0.25

As will be clear from the comparison of BExamples with Comparative’
Examples, the resin compositions and the heat-radiating members prepared using
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Conp. Ex. 6 0.9 176,000 0.10 Ref. Ex. 2 Not nol dabl e
Not neasurabl e 0.25 As wll be clear fromthe
conpari son of Exanples with Conparative ' Exanpl es,
the resin conpositions and the heat-radi ati ng nmenbers
prepared using the alum na powder according to the
present invention were found to be ones each having a
hi gh heat conductivity, excellent flow properties and
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dofigosi ti on used for sealing a sen1conductor and a
filler for a heat-radiating nenber. Moreover, the

Qg? -ragAatl genber prepared using the spherlcal a
%f the present invention can be used,
for 1@hm§ham@e powdas agcomdiag -tp adie aresegt Svetionrean be used, for

hﬁﬁ%ﬁ%:rgé @tﬂrlllgg tf&gf‘ﬁs‘e%fm co\Mb%EEt;@ﬁ %@&b{oa %ﬁalo &&eanfduc,tm and a
| |

R 2 Yo M B Tacrtiier, Vipreren P s h e GAB BT Bibbared
tismgdibe i spbenicd do fatumine [ibvder af the presénit eemiadert bonsed, for
Meihod ag Caorlé*aﬁr}gdfa@mimﬁe&r §S8Neat- Pé’cﬁﬂ‘iﬂgoﬂpacae%%h patqb&ﬁ]ﬂmg

Letters or Nunerafs 1 ~ Raw material-supply port;
B&FHBF”“?ﬁ@"“TYﬁ£%H§ i on gas-supply port; 4

Conbust i on-i nproving gas-supply port; 5 Furnace; 6
hﬁﬁatrmgcrﬂﬁl\éhmhebm“@géwst ion gas- suppl y p: Ipe: 258
Conb gPr o r}(% ﬁl%gugffg@ aX eg'xbgglment of the c%c\:}c,le rI].I%ed in the

deV|
practice of the productlon method according to the present invention.

Description of Letters or Numerals

* Raw material-supply port;

* Burner;

+ Combustion gas-supply port;

« Combustion-improving gas-supply port;
* Furnace;

+ Heating device;

« Combustion gas-supply pipe:

- Combustion-improving gas-supply pipe;

Seliv s IR B« T o S U o I

» Collecting device;
10 - - Blower;
A, B, C - - Point of measurement of temperature.

20
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A, B, C Point of nmeasurenent of tenperature. CLAIME:
1. A nethod for preparing spherical a -alum na powder
whi ch has an average sphericity of not | ess than
0.93 and a content of a -crystalline formanong others
Is not |ess than 95% 5characterized in that the
nmet hod conprises the steps of (1) softening netallic
al um num powder or al um na powder through the
CLAIMSE nent with a flanme; (2) solidifying the softened
powder by passing the sane through a zone mai nt ai ned
at a tenperature ranging from800 to 500C, 10(3) o
1. i ndrmethidfgr prerarias prbenieal of -aipmiphpeswdenyyhigh hasjag gverpge sphericity of
notSI&s! tHid 6.85 aRPWESHtedt HFON AhystliFRNBriBinBh@ biked ifthotdless than 95%,
tenperature rani%lgggqn{lrom 50 to_1,500C, and (4)

chagasieriacd e Hgt the e RAiSES BOWERS¥ product while cool i ng
(1)t Refidigemet2llid hmiiRinh @awas @ efluriios pbwiler thloagnthi, treatment with a
a wherein the softened powder is passed through a zone

Bmai nt ai ned at a tenperature ranging frome680 to 780C
(2)i molidifyingt thp s¢Bped PoFéme hyepdsoug e sme thignghh aj zone majntained at a

' %(B}beﬁ powder is passed through a zone
tem#g‘%{ﬁ]t%a{f]% a‘?ﬁfgé(?{e&%g%r ature ranging from1,050 to
(3)1,imueeing the gentent 9f ¢ Phascoby paviwe fhe 1plifdilied Boyrder Shrpygh; ¢ zone

maftaMelatla eiP@hiRictal M RIHEOSNE 1SPIFE @ ty IS not |ess
th 0.9% 5. The rredthod S se fqrt in claiml,
(D ealiestipg P Eespling Rayderyrer “—th‘?s’lii%t"g? M $BFm i s 100%

2. The method as set forth in claim 1, wherein the softened powder is passed through a zone

maintained at a temperature ranging from 680 to 780°C in the step (2).

3. The method as set forth in claim 1, wherein the softened powder is passed through a zone

maintained at a temperature ranging from 1,050 to 1,500°C in the step (3).
4, The method as set forth in claim 1, wherein the average sphericity is not less than 0.95.

5. The method as set forth in claim 1, wherein the content of « -crystalline form is 100%.
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