-1 DESCRIPTION TITLE OF THE INVENTION: ALUMINA POWDER, PROCESS FOR ITS
PRODUCTION AND RESIN COMPOSITION EMPLO%NG IT TECHNICAL FIELD The present
invention relates to an alumina powder havingaE$ghrawerage circularity and an improved flowability at

the time oé ing highly filled, a process for its production and a resin composition employing it, 10
BACKGR %i%g%%g%qE ih’\r’gé@%@é‘ﬁrs, along with the progress in high functionality and high speed

of heat-genauaingetastianicrFoRMORanissSHEIRAT & piRe AMeHnER| Reqh gepeirlien gl %‘ﬁogﬁe?gired

devices having such components has been increasing, and a high heat dissipating property is

also for afsdling Yiiferidl for semiconductors. In order to increase the heat dissipating property of a
sealigg material for semiconductors, an alumina powder having a high thermal conductivity may be
incorporated to a rubber or resin, However, by a common Bayer process alumina powder, it was not
possible thEUfiiently piizethe thermal conductivity of the alumina, because of a remarkable 20rising
viscosity phenomenon at the time of being highly filled. In order to solve such a problem, a method has
been proposedtoSsPra§ean AvaiiHam Blaiesdae povideror aavwilenimyinpyalfigide powder slurry into

flames fror ' ing.an.i ive dispersing. function to optain spherical alumina powder
particles %gg?e%eﬁgo%ﬁiﬁy !ﬂﬂ @ﬁ%%tgﬁeﬁr%l ?gﬂglgﬁﬁ% 6@&@@%‘8%%59?&' fid S5RIGHH P ﬁg'd'@u rface
irregularifiesdierivedainoina abginirum bydiaxideniaw pragarial, even with particles having an average
sphericity of at least 0.90, and thus, they are still desired to be improved. Further, also in a case where
Ba)ﬂé)r process alumina powder is used as a raw material, the product has, on its surface, irregularities
derived figR-the i JRgietiatrand thus is still desired to be improved. 30 PRIOR ART DOCUMENT
PATENT DOCUMENT 2 Patent Document 1: JP-A-2001-19425 DISCLOSURE OF THE INVENTION
OBJECT TO BE ACQD MRS HBDEBYiiHE NMENEON bigisfanahjealinf drel presess éseption to
provide %n alumina Wde(l,; h vi_n\g; a g}gh average circular&y and havin%an improved flow property at
the time oF By FghIFiffed NS UL RS R SrSUGERM Gnti'e ASRRHEbRifRRIGHRBRIAEYThE it.
MEANS ZRAGHONRIISHREVR ORAFCHIIheRIeIen bvention previdesihedeligwingde

accomplish the above object. (1) An alumina powder which has an a-phase content of at most 40% as
mebzuredi BYRAETEIRIRRRY bhitses a6 Alerdge 2iraating oatariehkrtseminwatictithe particlersize

range of f i ize rapge of less than 45 pm, and an average particle
size of a%én?&fé%ﬂ)%gﬁg ﬁg%rﬁgt%%)%e?gﬁ #uéfﬁ%ﬁ’é ga{j[%h%%aéliggnq]eaﬁﬁ H qo%\)/aé@ﬂ?&ﬁﬁé%{%% n%%ing
a-phase allumima powdier lsand Gy Ehhighaluminal powdetinimasayainmebiteated rnd AkBer or
respectively, are subjected to X-ray diffraction measurements, whereupon the integrated intensity of a

peak of 8551 kse HRIERNEH RS HIAME 0P 2R ases lIiRina &y sienlibration fheqssideiftegrated
intensity pleiiash BP:amaiash e eniiac atia s mACST Acena sample.l die luminadpguvder s
subjected to an X-ray diffraction measurement, whereupon the integrated intensity of a peak in the
vichtity o120e43r0eHic Dlatsgnaadaha hibhaiseccohtario s luptdingideilom the calibration line.  (2) A

process for prpducing the alumina powder as defined.in the ahove (1), which 25comprises
heat-treating gnpﬁf\%%z{%g Broducr E)Pf"ﬂpsrgé %mm?n@%q% & §f?ﬁé%8ﬁ%§§%?%%’dﬂ@ing the

alumina glawdeiradepieingit sbe.abpye 42) awiigh eampisssRLsnehing afiay theeatiseateny of a

pulverized product of fused alumina. (4) A resin composition containing the alumina powder as
defined fReRePEROIBIDLARA FiGRSYehiBRe SO G TR vadn edimbositieiaateldinipzontheddove (4),

wherein the resin i )The, resin.composition according to the aboye (4), wherein the
resin is g%ﬁf%%%g('?i?ﬁ‘w h{e'% r%e@tlrﬁdorﬁ%oes%%}\%ggcor%f#&'poatﬁg‘rﬁ Io\?eo(g}’)&,n g@n“?ﬁ% rubber is a

silizone nublber! ({8} Ascatingrregiatatiter demisdrietisiersremMeyingrhiedesHncamRIRIos a5 defined
in the above (4) or (5). (9) A heat dissipator employing the resin composition as defined in any one of

the aboVd(upEStiEFARVIY PRGBS IEaTY oFatisraNy/ BN BTN endbeag Biithe present
inventiop,,it:| o] ide [ r. which h high. average circularity and which
I T T e e T
compositiarseric shaisds suiablialasie fllerartchaprosassdaritsarpaugiiont seiahusina savwesr of the
present invention is useful as a sealing material for semiconductors, a heat dissipator, etc. BRIEF
DESCRIBPYIBRIBIRHANE BRAKINE desikqgl 1o Reaigyienrtic view illustrating an embodiment of the
pregess for producing the alumina powder of the present invention. 20 BEST MODE FOR CARRYING
OUT THE INVENTION

PRIOR ART DOCUMENT
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“Now, the present invention will be described in detail. o For the alumina powder of the present
invention, a fused alumina pulverized product is used as a raw material, whereby it is possible to
reduce the surfAcE @rhEGRYBERIuMinaHéwP bARIERE thereby to increase the flowability. 25Further,
by controlling the a-phase content in the alumina powder to be at most 40%, an improvement can be
made also with respect to the surface irregularities of the particles, whereby the flowability can further
be increas8&.OiHe SiihtasercdhtEntBHOMIT O¢tter be close to 0, and it is more preferably at most 30%,
particularly prefer f to 0%. 30The a-phase content in the alumina powder can be controlled
by changﬁ% rﬁ%@é%ﬁﬁ&%ﬁdﬁﬁéﬂéﬁ%ﬁﬁm BB l;Qﬂ‘llerized product of fused alumina.
Suchcooling canbecatiseiouig sreakaaiaidriedhedymace ahdmiddie aedy ihoaion o he
furnace. The cooling condition in the furnace can be adjusted by the amount of water to bé’spra%d.
In the predeptaggeritonatie anbunrictvatény bespiayes fopedplirigtis preferdliyiageaghl00 L per
one hour, . The avera ticle size.of the alumina powder of the present invention may be
variouslyfsneﬁg(bt?ég C 555%%%% o @Hé%f:%}ti@ﬂ%?59@85%?‘&885%%9%7’ﬂll%\/ﬁ?aétess of the present
invention which will be described hereinafter, it is possible to easily produce an alumina powder having
an avera%? 6particle size of at most 100 pm, particularly from 10 to 95 pm. The average particle size

can be in é‘é‘é@ oFBEre ANl lbkﬁ_b‘bﬁtﬁ@l@@»ﬂﬁ@@ average particle size of the raw material.  In the
presg nvrtion L6 AUSaRe ARG 308! 1E Aing ppner - lsied tobeat st 100 m for

such a reason that if the average particle siZe exceeds
average ¢irculaity=tfiaiieast @95 dhpidentoobtainrabighdinumbiitying Qidoky. iled1egion.the
average ggﬁgllarit)p 15is preferably at least 0.95, and the average circularity is more preferably at least
0.97. 18VEHAYE AMEN S e BE Hieak Rl oo irgaet BPEdmeactasétiuiipaction type
particle sizeodigHiRBON SRS ABUINIRPRA ANG 1 HLASIERAS TFRsMpdel 9207 (manyfactured
by BECKMAN COULTER). With respeBct to particﬁavir%%%ﬁ%%g{ %Sﬁig?g'éigé WAl AR o5
pm, 1 g ghegrmaridle sespetetordariitigsthaving an average particle size of from 25 to less than
45 pm, ) mple, or with respect to particles having an average particle size of from 45 to less
thaﬁ%Zé%r%{!ﬁ)é%o?'gné%er{ﬁ;ﬁlré? u\/\fg@?gocgﬁgemlfroduced directly into a sample introduction section of
the CILASIGRAN JMETER. Fihenpastickasizaidisiibugonmeasemandy AebAR wder in
GRANULOMETER was carried out at a pump rotational speed of 60 rpm 25using water as a solvent
and empioitiy HOFeHLthie HBaner Hinirs pecibaylYorse singieTivalres X conthbsititionf the present
' fthe pre%sent inv?ntion 'nc?r orated and filled in a resin
raied iy 0 kf A

inve”tiOW-@Q&%Q%\QH%t%@%HJJ%RR@’ ‘ijn%lg? a arisity sPhass deieqiry in the

or rubber. In the present invention, one havirig the alumina powadg?% f
incorporateiditndf3TIiHea insacrsinaie tefened tels: itesimeampasitios;raed %@mwrgéh@@lumina
powder of the gﬁsent_inventio,n incorporated and filled in a rubber is referred to as "a rubber

cofmposB8A M EURRPIHOERIY B mpdsiisnd ithere apatiiekiohtbehlipiasepevaipnisnsohjectsd
somelimes:hexisag nGAvas 1 EasinSauReSRD SINe LRRELAAIPASIRG,, o7 DIEG o five the
verage cwcg an?y of

alumina powder highly filled in a resin or rubber, the e afumina powdgrﬁ’s
preferabhicitiigadt 209e38 3 asticulizulgiprbferabliat-lehst 6.63n Ene @vsisagadirouarity-otip alugina
powder {naey be increased or decreased by changing the amount of a fuel gas (e.g. LPG) to be used
for form lrﬂg flames. The average circularity can be measured, for example, by using a flow type
particle jpmag @ly2ek" o6 W% i f lyming powder is
weighedm;ﬁdegﬁ?into agzﬂg)g trﬁ(l beakgr %%gﬁggﬁl of de%?ﬂ%%’ge\-@%?g ?ﬁ?%%%%ﬁil%e@' by stirring
andthe ADY RIEIRS Sisatfbe3inmates bgraedipasdnit cfldased (elgriradenfianest)ltrasonic Cleaner
Powerftg]gyperhlg-lgg",sm nufacﬁured b}/ AS ‘ONE Corporation). Into a JIS 45 pm sieve provided with
a tray, the! slurry i tiE Heakeridy HOBEAEE HHERAPSBE Rl B edRe de hiaebrypdaredvBitthe

sieve, angrdpihes (eerasing HRON RS HRAUGISSHENRINGISWRINSAY IS CATIAd PHI a5 falows; Here,
for the average circularity, the perimeter of a projected image of one particle and the perimeter of a
circle cdftespOri@ifiy ErtReerdiabrmdairdjected fhageafithe particelafieenalytredtyothe (1) in
above-rH g’ﬂp?’g Hﬂ)\g@(pe particle image analyzer "FPIA-3000", the circularity is obtained by the
following formula, and an average value per 36,000 20particles is automatically calculated.
Cisoularig)=Partmetesiofcaimojetiod HBsgrRIDIADANCIERAIMSIANRIBISITGLE resin is an EPEEFPONING
to the area of the projected image of the particle [Average circularity of particles having partiCle sizes
of from 454 200 pm] From 0.15 to 0.20 g of particles on the sieve are weighed and put into a 5 ml
25contaper, : % egus splution is added thereto, followed by
dispers?grz fora ?% gﬁéﬁééﬁ%@ﬁlﬁﬁ%@ﬁ%ﬁ%&gﬁ/él'%l%%g’i%pe éi"gﬁ E?srergr&ti%’r? it§ %‘Hti?eaaﬁﬂtlzmqnto a
flow-type particle image analyzer "FPIA-3000" and measured in a HPF mode/quantitative count
system (total number counted: 36,000 particles, number of repeated measurement: once), whereupon
an analysis is carried out within a 30particle size range of from 45 to 200 pm (circle-equivalent
diameter/based on the number of particles). [Average circularity of particles having particle sizes of

less than 45 pm] 6 The slurry settled in the above tray is stirred by a stirring rod, and 0.5 ml thereof is
cambnled into 2 B ml eaontainer and B ml of a 265 macce0/4 nronviene alvvenl andiieniie enliition iec added



fused alumina as a raw material powder.  As outlin%d, from the top of a furnace, the pulverized
product of a fused alumina is sprayed and melted in flames, and from a middle body portion of the
furnace, Wa#ét-is sprayed into the furnace for quenching, whereupon the obtained spheroidized

particles 15are rted together with an exhaust gas by a é)ow r to a bag filter and thereby
collected%ﬁgrmgﬁgr?%%ﬂé:r%?g LR e ke ‘%%}rib%é‘%")&%f aé@l%ﬁ'gst%h%cﬁ S IRAREPGRE,

acetylenegigisepropane gas or butane and a supporting gas such as air or oxygen from a burner set in
the furnace. The temperature of the flames is adjusted to be preferably at least 2,100C, particularly
preferabl)('af)rorrflz?f@(;’i@ 8R! 2o SERiRe CEBRIRY By SpRIGIROWRRFestD BRefonsitien asninfinsd
nozzle may;be %%qelrmtpgr&ﬁsent invention, it is preferred to carry out the quenching treatment by
spraying water by means of Atornax nozzle BN160 Model (manufactured by Atomax Co., Ltd.). In such
quenchingireafniertiyispraymewateringheepresentinventanthe tesipriaturady hedwnaee is
preferab%owermg 1} om 200 to 400C as compared 25with a case where no water is sprayed.
Suchar d’é‘"%f r bthe temperature in the furnace can be attained preferably by the
above-mentioned spray amount of water. In the process for producing an alumina powder of the
present invention, the a-  phase content of the alumina powder can be adjusted by the spray
amount df¥6EN BORBAGEP dridi b S &g IBE thé\MEhTétaUre condition in the furnace).  The

pul\4 rized proguct lumina as, the raw material to bhe used in the process for producing an
alurrﬁna powdtgf%cc(;:fC)t EJH nge%il?iﬁ\r/%%?%tn',ni\éegré Erably 8°7% [ﬁlfl?/iﬂ?era BrEIB DY R INRIRSYIRfied Bayer

process albininaakar tighnaeking ofdiayenniosessnalitninay, anaredw Nas e ma r@%éﬁ?%tgﬂ'ﬁif@\(erage
particle size of the pulverized product of fused alumina is preferably almost 100 pm, more preferably

from 10 {598 BKE'Bi Hediacvhichs e Huimiidlsdrarpsine prerentipnansbib istis trailisble fef a
sealing jal m@@é’@é IELOES, It ar IOnIC i ifigs i lumina powder.
For the Egﬁgﬁ)ﬁﬂog?gnic impuﬁ%i"zzls&’ir‘l5 gﬁ%ﬁhawﬁgﬁ ﬁﬁs grgﬁi%'t{oﬁi%gjé%% g'ﬁgﬁnﬂeE?Peated
product é&F threpllaerzéa Pproguce sfrfabte akminvan thuniashingHesdtdiesibwith, water. For such washing
treatment with water, a method 10disclosed in JP-A-2005-281063 may, for example, be used. That is,
the treatment is carried out by washing the alumina powder with water having a pH of from 3 to 7
which daggirgt substaptrityeantsnTNg., KrNBA&E Mg/ or Cap:, in the presence of an ion exchange
resin. As the resin for the resin composition of the present invention, it is possible to use, 15for
example, an epiky! rissthsah\Gantr rdsi, busistdintnanasirh edirearesithanonsatufatas polyaster, a
fluororesin; ' imi lyamide imicie or a polyether imide; a polyester such
asa po@%t%lgﬁg@gﬂé%mgiﬁa% g%%%ghﬁgl\&ﬁ%ﬁ%héphthalate; a polyphenylene sulfide, an aromatic
polyester, a polysulfone, a liquid crystal polymer, a polyether sulfone, a polycarbonate, a maleimide-
20modified resin, an ABS resin, an AAS abcj:érylonitrile/acr lic rubber/styrene) resin, an AES

r

(a&%lon%&&%@ﬁ@&%ﬁ@@%%@ /&?FeH}é)/ iHQM EVA (ethylene/vinyl acetate
copolymer) reRB o1 SISFONE (SR ADAAI A ARG Eye Phenol resin, a fluororesin, a

polyimide, a polyphenylene sulfide, a polycarbonate, an ABS resin or a silicone resin is, for example,
preferred. 25Fartituadispriete ped itanidpexyresintdnassiticona fesiad aluriearesinesamgosition of
the presenténvgntion is, one having the alumina powder of the present invention incorporated and filled

i powae .
in the atbYEYHEIRibREd FS<i Bk UbHEr A e ¥ dhippaRdiRsr thesstase thenveraen emrtiag
producegk by pigRslipe nirdeRARIaed ALt %F@a@éw&k\s@vm@?ws by a blender or a Henschel
mixer 30and then kneaded by e.g. heated rollers, a kneader or a single or twin screw extruder,
folfswed by cdolitigeantitisen tlipudvivizatiom Stheardetenndhthelaluminppedatanvasies depending
upon th(i(ﬁn(?rtigulgr apcglications, bléééthe g(rfs%n invention is B characterized,in that the alumina
powder €ar° b8 higHN R tHE TS OPPauHEP, Wi feRSiTein s RidrasyrRadiatdiss af Ibast 40
vol%, meseipreterablriopmies e AN/ haseder bAGoRARIIhe TesinGomRRsiioR-(ne
containing the alumina powder of the present invention in an epoxy resin is 5suitable as a sealing
materiaFftt derhrbatbetslesentodernd dbminahigeteab boaductiti§0skcpadiog! 81 fmeteasiay
sealing %a'%a/gel tfcc))rog/(gmiconductors, the content of the alumina powder is adjusted to be preferably at
least 70 vol%, more preferably from 75 to 90 vol%, based on 100 vol% of the resin composition. One
cantaining they BbimipaaRvaienehthe Presemimepiauér a-5ilicone reainde APsiisapmhher. is
suitable as a heat dissipator. In order to obtain a high heat conductivity as a heat dissipator, the

content ST HehRaRHEGLM R edupa gy rrholasideNierd, nreteprefdrssly flomiTeto 80 vol%,
based | i it] PLES 15 ti ' ill b
describa T o e R ARl Biehpresent

invention is by no means limited to such Examples. Examples 1 to 9 and Comparative Examples 1 to

3 (production of alumina powder) [Production of pulverized product of fused alumina] 20Bayer process
calcined alumina powder "D" (All manufactured by Light Metal Co., Ltd.) was melted by an arc furnace,
followed by cooling and pulverization to obtain pulverized products of fused alumina "A", "B" and "C".

The production of "A", "B" and "C" was differentiated by adjusting the pulverization time. For the
niihserizatinn treatment at the fime of nrenarina the rawvw matarial a hall mill 26(AXYR-15 maniifactiired



Table 1 shows the types and average patrticles sizes of the alumina powder raw materials "A", "B", "C"
and "D" used in the present invention. [Production of &lumina powder] 30[Heat treatment] The heat
treatmentyeR§ SRBiaHONl X ASINGTIe FEeRUGUMARRA MUsshawa i Figh LRlamesef fiom 2,150 to
2,500C were formed by adjusting the spray amounts 9 of the fuel gas (LPG) and the supporting gas
(02 gas) t8'BEUs! ShavMeh!T e prapssi alumina powder raw material (supply amount: 30 kg/hr) was
accompanied with, [ | ount: 20,Nm3/hr) and sprayed from a ngzzle.into flames,
and the obtaineI:J’I;hétrl?%(rﬁnag %gsv@ésﬁwa%sxrz%viﬁé%a rto%mé\a'tv é}a%&i?tcjear. ‘Fﬁeat\é%ﬁp@rra(fﬁf) "5 th¥e flames was
confirmedbioyfimstiaiing @ dstrmooduisidedeciinace and by using a radiation thermometer IS5/F Model
manufactured b%/ Impac. [Quenching treatment] In order to reduce the a-phase content, cooling

treatfhent by spFiny WAt RAGHE Hrsddhead earisasiydesrétien Wars¥dpayiRtontmmbaozzle
BN160 Modgl,LQ(manufastiresl by Aema Ca,c kg raying of water was carried out
from 16 holes qually separﬁ arolu%d ?:r?\% ci'r1g mf%?gﬁgglé?%{e}%f%mafgg?%r%%ér{ﬁggﬁaﬁrr%cgf Fhé
water to Hospraped Waseadjostetits bIC SEhdeamierd obwateifieprayiehbissshigwdir Jabje-2eduither,
with respect t? the degree ofrﬁuenching, the temﬁ%rﬁture of the furnace 15wall was measured by

inserting &R B RS ESHHE IN AT Zoh Rl R ERMATHE e fGrhdd WAl PR esnRRRISHIAEGAFbNtal
plane as the fogalgsfor watelartinsh ARk cealing effesiswerrcirnadyyising i fHpace

wall temperature as a reference. The measured furnace wall temperature is shown in Table 2. [Water
wastiing thagNermueorE @b Rirreidieniny powdsalvas subjected to water washing treatment. The
water washing freat e;%tswi??;;%%rﬁ?d outhln accordance Wlfh the fogﬁévm rocedure. That is, for the

ey Ha & ﬂ&%PBWQ?r\A'/ﬂerein Lit,

water washing treat ent,%’we alumina powder was nixed With deid

Nat and I&dpesnpdebts avere st sietecteduoreasurpanhhy imeans.et ageatenigalsasption
spectrophotometer, to prepare an aqueous slurry 25having an alumina powder concentration of 40

mass%, WKrGPHAd QHies 1bPeIsuesy isafdbracsmmiparn muarmpapprataktpeldengass "Stir
Disperse V175" Ashi Finetech | then subjected to dehydratio

reatment by B e e e ARt e 158 e B
Thisccakésvwas ferielolyab L BEGHOrYB hodrihbyaashegleiypéadtyingrmaehinefto Aflohipisavaten7.

washing-treate. taluminaé)owd r.i .The av%a%e circularity of the alumina powder was measured by
the following metfiod" A ‘?&&J@Hg Sra'ShGRA Bitsaredo PlRragwIEr&iaiRi]d @ 48 average

circularityjwascmaaspiehdaraxamelaidwipigion mlawiing RBpiGeImagn AnyEe NTRIONR9E R

manufactured by Sysmex. That is, 40 g of an alumina powder was weighed and put into a 200 ml

beaker, alPtigb I3 of BsioHiaet iestémREGHtPOANCEE tibRRBH by \stitrieg et tharabyoliispersion for 3

minutes [ F(e. a "Ultrasonic Cleaner Powerful Type VS-150",

man ufacﬁ}sr\?g %13% [féggﬁé%%g%cr({a%ﬂ%%é é'%r% gl‘r?t}g%%%‘%% r}n? é}ue\%s%?"ée%e&’ W%ﬁege%‘i},i%e slurry in
thecbeakpamiakmntraducea avdthgo 38R0 eldeiorized pateriuastpanrad amtheisve, anddhen,
depending W n the particle size, a measurement was carried out as tofollows. Here, for the average
circularity/! t é?béer’ﬁﬂ o PigR RIS oY BrRsracicatiane bErmetarefasaihian 120
correspangin th j J j | .
above-rﬂﬂiogngjdéﬂgﬁm%ﬁﬁﬁéﬁgggg ﬁg@@ﬁ&@%ﬂﬁ%@?’\{ﬁ% écli'r%c{:gluﬁﬁtgy pv?/{g%[%ﬁg?nned by the
followingstettimuianfdhd e\ @agehidlilicdeE3EBOO Phdiplesivkas astdinatinaliyrcalealstedment

15Circularity=(Perimeter j image of a particle)/(Perimeter of a circle corresponding to the
area of tﬁlé ﬁ?é;@%@éﬁé@@%ﬁﬁégﬁﬂ%ﬂ &@i%ﬂl&&i@ BYbEriclaionR)isgriIS8iFRY of from
4519 2009RY Bt 842 EuR20 HAk RARISIRARNHRESieNE e sighes ARFl Ry iRt as mi container,
and 5 ml of a 25 mass% propylene glycol aqueous solution was added 20thereto, followed by
dispersi®@@tdna.0 seconds by an ultrasonic cleaner. The dispersion was put in its entire amount into a
flow-type partiﬁ;lﬁeim@a e anna%%zer "EPIA EOOO" and measured in a HPF mode/quantitative count

t

oS08 R S Bl PLp 8058 Mg LRk BIG: PRHERSUpON

system (total number coun
an analysisiwasreasittRuhihimadpoige gizadamge af KoesApde 20BaM (Girgie-pruivaient
diameter/based 250n the number of particles). [Average circularity of particles having particle sizes of
less thaf¥SHIAT. OrEhBayiieyBetadd e apdoeafdhavassanbinvyrdistirieg mootaaed ar&iml thereof

was, samny int |.container, and 5 ml of a 25 mass% propylene glycol agueous solution was
a@ed,?&ﬁ%@ﬁj%y% 5%5‘.{33#%5%%? 18 %gcgn{gés By a URragoRic ’c?é%igp%%%{wg%a} FURAS
introducpdiiniies entire praesnt inteailow ype prtideimparanalyzenii | A-308Rand measured in a
HPF mode/quantitative count system (total number counted: 36,000 particles, number of repeated
measurirhfr SHB%B%HQ@Gpoﬁu’i”ﬂ%nﬂ?ﬁl&%ﬁ@\ﬁﬁ@é@ﬁié@fﬁdﬂmiW@iﬁﬂﬂiiéf’sizfeW@n@G@rfl‘iom
1.5 to less than 45 pm (circle-equivalent diameter/based on the number of particles).  The average
particle size was measured, for example, by using a laser diffraction type particle size distribution
measuring apparatus, CILAS GRANULOMETER "Model 920" (manufactured by BECKMAN
COULTER). With respect to particles having an average patrticle size of at most 25 pm, 1 g of a

sample, with respect to particles having an average particle size of from 25 to 45 pm, 2 g of a sample,
or with recnect t0o narticlee havina an avverane narticle ci7ze nof from AR t0 120 nm A a of 2 eamnlea wAac

ases



10GRANULOMETER. The particle size distribution measurement by the CILAS GRANULOMETER
was carried out at a pump rotational speed of 60 rpm 8sing water as a solvent and employing the
refractive jindaxiohalaing (leTRBIYesabibto colBe Arphass CMeIi R mRasHEeH By e following
method. The results are shown in Table 3. 15The a-phase content can be obtained by a calibration
line meth6&'BPRSIH Hiffraction. For the measurement of the X-ray diffraction, JDX-3500 Model X-ray
diffraction appar ed by JEOL Ltd,) was ysed, [Method far measuring a-phase content]
Powders prepgrrsgs@yéﬁ%zﬁé%gg gsagé/a Uning. gg\/&vﬁgﬁgﬁifg%%gﬁﬁfé%ﬁm@ﬁ L%@ %%t@i’ﬁéage
ChemicaldGoufhtily) einieh&-phasie @lumitamewdsieTAUMI GRENTIVLE0PR(manwasturespy, TAIME
CHEMICALS Co,, Ltd.) in mass ratios of 0:10, 5:5 and 10:0, respectively, were subjected to X-ray
diffractiorlGASaStemente RFRIRIBGHIHE el Sied ke ereise alcoTeihasadetéeted in the
vicinity of@raasas aleulalsAy and arfalibraionding ghihe integsied niensily iotied against the
mixing 25ratio was made. Tﬁen, a sample of the alumina powder'was su%jecte 0 an X<ray
diffractioriiameasurement, whereupon the integrated intensity of a peak in the vicinity of 20=43 was
calculated, and the a-phase C.onte{‘nt was orgtained from the calibration line. EXAMPLES 11 to19 and

COMPARATIVE ©3XRBER S 111818 SR HRTTLE {8 1B aMPEoMp I ive Eiearyes 11 to 13 in
Table 3,30:pv1s pagURRALLIe PRI Bl shavneitatie and o partsiby olye of e alumina
powder obtained in one of the above Examples 1 to 8 and Comparative Examples 1 to"3, 12 were
mixé®dl to phepéte aREgeKisrasiybethpodition inith REpeat e dhe respeddkemdsindsmpesitionsaf

such Ex nd Comparative Examples, the flowability and the heat conductivity were evaluated
as foIIovﬁsg]R!ﬁ%%Jrﬁ?gr’, ﬁ%ﬁﬁ%ﬁéﬁ i@{%\)@ Sgr sﬁf)?/n\%%r‘}fgpo?rﬁ@%gfn%@ﬁ&?@ﬁ AR $hEI8%end 80
parts by wiumer 0bthet pldetiraROWIEE 05 HXATNRUE OrWerE SRk EThi9PIERI B ATheNANAFRSIRY by

composition, and its flowability and heat conductivity were evaluated as follows.  Here, preparation

of a heat’tisSIpHcr A5 i méakfehe Atorh Sirva: REnddetwad aurtiee Yutasifollaws. A
material [ps SRPISORUEiaEe-PEsRRIAL P B RARnANGKIAFRG By A i, scian-exliusion kneader

was cast into a plate-forming mold of 25 mm x 25 mm x y means of a trans esri?ﬁ"cﬁdmg machine

to priepatbesaiepte fongvaioatibe phttie hedt comduetivitye [Rlowabilitylislsing a spiiab flew el a
spiral flo%lyﬁj}ue of the sealin mate&ial for 15semiconductors, prepared by heating and kneading by

the twin SSreWSIRISHR KNEAGEYWHE RRUNEIEN By hiNRIRCHR A THasse Moty HhikcAMe Hhevided
" ali s . ) . ) . o
Society o Pl I o e Lot RIS NS BN o

175C, theAbrmshhréis peavas Ten iapad davgly presstivie)e dmd geec2 Gyyess (€ HoldiRptinieswas 90

seconds,.| . : COMPARATIVE EXAMPLES 2110 23 [Viscosity. evaluation] In
Examplet's@(iﬁ%c\)é %ﬁ%?ﬁ%ﬁ%g @%%E\%@Qﬂ%‘aﬁ i a'%l%vﬁz,rﬁ%ep\é %9‘%]%7%0& the liquid
silicone pbtiereand theoidparspyaelumednf the alumina powder 250btained in one of the above
Examples 1 to 8 and Comparative Examples 1 to 3, were mixed to prepare a silicone rubber

composition. WitRYESB¥cH B iRelRsphaiveisitehEmasBa o ppdsieometmaien eharipide and

Comparative Examples, tES y'%i . ‘Pl t copngductivity were .evaluated as fmf)ﬂo s. Further, in
Example 29, 30 parts by voI{Jm 0 %ﬁe iq%lli(‘f%i |§%§F§B%é¥%%§%8gﬁsoﬁy vt g"\?lgf the alumina
powder (htairesh ioiExdanipjeod peatelaixesioppepaitas sbeOBE FURPEs ¢omPOSiHEN, and its viscosity
and heat conducti\ai/% were evaluated as follows. Further, as the liquid silicone rubber, YE5822A

(manufactured Mot 20 IMERAES SRR LR SiEve SBeamelghes ArbRSHbWA fogakther with
the,pro onR-condit| r J aratiy, mpJes 1 to
) Tab e ] B e T e A B
was intréullsoeeldrity thepamsidisilioote sabbedy EbaPAAimaonfacieret-hy Mpmanibe dlatedalufollowed
by mixin tf means of a stirrin mfachine NZ-1100, manufactured by TOKYO RIKAKIKAI Co., Ltd..
The visé_%é éed?tiF‘f’e %S?é@kiﬁ%gﬁb ‘%‘E{B@;‘P‘&ﬂﬂﬁ%‘ﬁiHﬁ%&sar‘ﬁ%(éﬁfe(ﬁfPdﬁe?’%@u_ﬂﬁﬂdé&éﬁ%ﬂ@ﬁ, by B
Model VisGoby MR GRAMARM kB SR SANG, 00 10LTRAESh N Begpis
measurement, No. 7 spindle was used, and the measurement was carried out at a rotational speed of
20 rpm atEsomicanssiadreed20€mentunice), preparation ahthedipsisdissipaitad usingthesilicone

rubper co sition was carrjed out,as follows. That is, to the silicone rubber composition comprising
et e LT B R e e AP SR 5 o 1 HRSREE08 RSty
measuremaatgdigﬂighsg’kg@gg rubber YE58223 was added in a ratio of 10:1 by mass, to YE5822A (i.e.
YE5822A:YE5822I3:10:%§. After the addition of YE5822B, the mixture was molded and heat-treated in
an atmd&yREREDCiIrsolaibypbparidasdar draipariegisizacohisailignméastmement] 20The heat
dissipator of the epoxy resin composition or the silicone rubber composition prepared as described
above was molded into a size of 25 mm x 25 mm (length x width) and a thickness of 3 mm, and the
molded member was sandwiched between a 15 mm x 15 mm copper heater case and a copper plate
and set under a clamping torque of 5 kgf/cm. Then, a power of 15W was applied to the copper heater
25case and maintained for 4 minutes, whereupon the temperature difference between the



‘copper heater case and the copper plate was measured, and the thermal resistance was calculated by
the following formula. Thermal resistance (DC/W). 6  Temperature difference (C) between

copper heater capg ansSPRRRERIRIShAARRYET MY ) aRpfirdita g g Rert G AYGIVIR GaR be

rin -Fa?] sz
calculated by the following formula from the thermal resistance (C/W), the heat transter area [aread of
copper heagenpigseitin2) and ﬂw’fa@m@kM@mht)fai ﬂ!femmﬁdé’d mmml,ﬂeh@rgigzt@l elaoying torque of

5 kgf/ H ductiyit =Thickness (m olded product/ (Thermal resistance (cC/W) x
hea% t(r:erlrrlls?e?aarggq mazcéé(l ed, (}N PlpsdPy oPeh %ﬂﬁtﬁ%ﬁ@ﬁﬁc ﬂ?e%%@%h‘u‘éﬁsmﬁém The

propertiesdof sBesieRinsGAMnAsiEens aactheduhhsr ﬁ@mwgf#%z@p@%&?ﬁa%%g%%ﬁ% ﬁg?e

Comparative Examéoles Further. "filler filling rate" in Tables 3 and 4 is meant for the fil

(vol9g) of the” HuiRa ptisteststaind dim it Bsippie ontdeinparative mmléo@ABua&eTABLLzESz

I(Nsr%/%?;)%r%%%r%ggfmﬁgg? ﬁg@%ﬁ?ﬂ rnozzr(igoi-I e%tpl)e_giéturl\l%gng?éfh mles’%ﬁn(g)%lt é?é{fg% Etéir;'i]"%ur;naltce

wall (t) Exarlady 95F4 251024 5QL Q4RI Raki2El 226 2162 B3rbx 8. A 12342BRERUEAZL (circle-
equivalent diameter/based on the number cf particles),

The production of the alumina powder of the present invention is carried out

10 preferably by using the installation shown in Fig. 1 by using a pulverized product of
fused alumina as a raw material powder.

As outlined, from the top of a furnace, the pulverized product of a fused alumina is
sprayed and melted in flames, and frem a middle body portion of the furnace, water is
sprayed into the fumace for quenching, whereupon the obtained spheroidized particles

15 are transporled together with an exhaust gas by a blower to a bag filter and thereby
collected. Formation of flames is carried out by spraying a fuel gas such as hydrogen,
hatural gas, acetylene gas, propane gas or butane and a supporting gas such as air or
oxygen from a bumer set in the furnace. The temperaiure of the flames is adjusted to
be preferably at least 2,100°C, particularly preferably from 2,100 lo 2,300°C.

20 For the cooling by spraying water into the furmace, a twin-fluid nozzle may be used.
In the present invention, it is preferred to carry out the guenching treatment by spraying
water by means of Atomax nozzle BN160 Model (manufactured by Atomax Co., Ltd.).

In such quenching treatment by spraying water in the present invention, the
temperature in the furnace is preferably lowered by from 200 to 400°C as compared

25 with a case where no water is sprayed.

Such a range of lowering the temperature in the furnace can be attained
preferably by the above-mentioned spray amount of water.

In the process for producing an alumina powder of the present invention, the a-
phase content of the alumina powder can be adjusted by the spray amount of water

30 (corresponding to setling of the temperature condition in the furnace).

The pulverized product of fused alumina as the raw material to be used in the

process for producing an alumina powder of the present invention, is preferably a
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process alumina, an arc furnace may be used. The average particle size of the
pulverized product of fused aiumina is preferably at most 100 tm, more preferably from
10 to 95 pum.

In a case whete the alumina powder in the present invention is to be used for a
sealing malerial for semiconductors, it is necessary to reduce ionic impurities in the
alumina powder. For the reduction of ionic impurities in the alumina powder, it is
preferred to subject the flame-treated preduct of the pulverized product of fused alumina
to washing treatment with water.  For such washing treatment with water, a method
disclosed in JP-A-2005-281063 may, for example, be used. That is, the treatment is
carried out by washing the alumina powder with water having a pH of from 3 to 7 which
does not substantially contain Na*, K*, NH4", Mg." or Ca,*, in the presence of an ion
exchange resin.

As the resin for the resin composition of the present invention, it is possible o use,
for example, an epoxy resin, a phenol resin, a melamine resin, a urea resin, an
unsaturated polyester, a fluororesin; a polyamide such as a polyimide, a polyamide
imide or a polyether imide; a polyester such as a polybutylene terephthalate or a
polyethylene terephthalate; a polyphenylene sulfide, an aromatic polyester, a
polysulfone, a liquid crystal polymer, a polyether sulfone, a polycarbonate, a maleimide-
modified resin, an ABS resin, an AAS (acrylonitrile/acrylic rubber/styrene) resin, an AES
(acrylonitrile/ethylene/propylene/diene rubber/styrene) resin, an EVA (ethylene/vinyl
acetale copolymer) resin or a silicone resin.  Among them, an epoxy resin, a phenol
resin, a fluororesin, a polyimide, a polyphenylene sulfide, a polycarbonate, an ABS resin
or a silicone resin is, for example, preferred.

Particularly preferred is an epoxy resin or a silicone resin.

The resin composition of the present invention is one having the alumina powder
of the present invention incorporated and filled in the above-mentioned resin or rubber.
The resin composition of the present invention can be produced by blending
predetermined amounts of the respective materials by a blender or a Henschel mixer
and then kneaded by e.g. heated rollers, a kneader or a single or twin screw extruder,
followed by cooling and then by pulverization.  The content of the alumina powder

vaties depending upon the particular applications, but the present invention is
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characterized in that the alumina powder can be highly filled in the resin or rubber, and
its content is preferably made to be at least 40 vol%, more preferably from 65 to 90
vol%, based on 100 vol% of the resin composition.

One containing the alumina powder of the present invention in an epoxy resin is
suitable as a sealing material for semiconductors.  In order to obtain a high heat
conductivity exceeding 3 W/m-k as a sealing material for semiconductors, the content of
the alumina powder is adjusted to be preferably at least 70 vol%, more preferably from
7510 90 vol%, based on 100 vol% of the resin composition.

One containing the alumina powder of the present invention in a silicone resin or
silicone rubber, is suitable as a heat dissipator.  In order to obtain a high heat
conductivity as a heat dissipator, the content of the alumina powder is adjusted to be at
least 65 vol%, more preferably from 70 to 80 vol%, based on 100 vol% of the resin
composition. |

EXAMPLES

Now, the present invention will be described in further detail with reference to
Examples, but it should be understood that the present invention is by no means limited
to such Examples.

Examples 1 to 9 and Comparative Examples 1 to 3 (production of alumina powder)
[Production of pulverized product of fused alumina]

Bayer process calcined alumina powder “D" (A11 manufactured by Light Metal Co.,
Ltd.) was melied by an arc furnace, followed by cooling and pulverization to obtain
pulverized products of fused alumina “A”, “B” and “C”".  The production of *A”, “B” and
“C” was differentialed by adjusting the pulverization time.

For the pulverization treatment at the time of preparing the raw material, a ball mill
(AXB-15, manufactured by Seiwa Giken Co., Ltd.) was used, and as pulverization
media, alumina balls (balls with a diameter of 30 mm) were used.

Table 1 shows the types and average particles sizes of the alumina powder raw
materials “"A”, “B", "C” and “D" used in the present invention.

[Production of alumina powder]

[Heat treatment}

The heat treatment was carried out by using the production apparatus shown in

Fig. 1. Flames of from 2,150 to 2,500°C were formed by adjusting the spray amounts
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9
of the fuel gas (LPG) and the supporting gas (O, gas) to be as shown in Table 2.  The

alumina powder raw material (supply amount: 30 kg/hr) was accompanied with oxygen
gas (supply amount; 20 Nm®hr) and sprayed from a nozzle into flames, and the
obtained alumina powder was recovered from a bag filter. The temperature of the
flames was confirmed by installing a burner outside the furnace and by using a radiation
thermometer 1S5/F Model manufactured by Impac.

[Quenching treatment]

In order to reduce the a-phase content, cooling treatment by spraying water into
the furnace was carried out.  For such water spraying, Atomax nozzle BN160 Model
(manufactured by Atomax Co., Ltd.) was used. Spraying of water was carried out from
16 holes equally separated around the circumference of the furnace. The temperature
of the water to be sprayed was adjusted to 10°C. The amount of water sprayed is
shown in Table 2.

Further, with respect to the degree of quenching, the temperature of the furnace
wall was measured by inserting an R themocouple in a horizontal direction {o the
furnace wall surface in the same horizontal plane as the nozzles for water spraying, and
the cooling effects were confirmed by using the furnace wall temperature as a reference.
The measured furnace wall temperature is shown in Table 2.

[Water washing treatment]

The obtained alumina powder was subjected to water washing treatment. The
water washing treatment was carried out in accordance with the following procedure.
That is, for the water washing treatment, the alumina powder was mixed with deionized
water of pH=7 wherein Li*, Na” and K' components were not detected by measurement
by means of an atomic absorption spectrophotometer, to prepare an agueous slurry
having an alumina powder concentration of 40 mass%, which was stirred for 1 hour by
means of a stirring and mixing apparatus (tradename “Stir Disperser RSV 175"
manufactured by Ashizawa Finetech Ltd.) and then subjected to dehydration treatment
by a filter press. The water content of the obtained cake was at most 20 mass% in all
cases. This cake was dried at 150°C for 48 hours by a shelve-type drying machine to
obtain water washing-treated alumina powder.

The average circularity of the alumina powder was measured by the following

method. The results are shown in Table 3.
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[Average circularity]

The average circularity was measured, for example, by using a flow type particle
image analyzer “FPIA-3000" manufactured by Sysmex. That is, 40 g of an alumina
powder was weighed and put into a 200 ml beaker, and 100 m! of deionized water was
introduced, followed by stirring and then by dispersion for 3 minuies by an ulirasonic
cleaner (e.g. tradename “Ultrasonic Cleaner Powerful Type VS-150", manufactured by
AS ONE Corporation).  Then, into a JIS 45 pm sieve provided with a tray, the slurry in
the beaker was introduced, and then 300 mi of deionized water was poured on the
sieve, and then, depending upon the particle size, a measurement was carried out as
follows. Here, for the average circularity, the perimeter of a projected image of one
particle and the perimeter of a circle corresponding to the area of the projected image of
the particle were analyzed by the above-mentioned flow-type particle image analyzer
“FPIA-3000", the circularity was obtained by the following formula, and an average
value per 36,000 particles was automatically caiculated.

Circularity=(Perimeter of a projected image of a particle)/{Perimeter of a circle

corresponding to the area of the projected image of the particie)
[Average circularity of particles having particle sizes of from 45 tc 200 pm]

From 0.15 to 0.20 g of particles on the sieve were weighed and put into a 5 mi
container, and 5 ml of a 25 mass% propylene glycol aqueous solution was added
thereto, followed by dispersion for 10 seconds by an ultrasonic cleaner. The dispersion
was put in its entire amount into a flow-type particle image analyzer “FPIA-3000” and
measured in a HPF mode/quantitative count system (total number counted: 36,000
particle, number of repeated measurement: once) whereupon an analysis was carried
out within a particle size range of from 45 to 200 um (circle-equivalent diameter/based
on the number of particles).

[Average circularity of particles having particle sizes of less than 45 um)]

The siurry settled in the above tray was stirred by a stirring rod, and 0.5 mi thereof
was sampled into a 5 ml container, and 5 ml of a 25 mass% propylene glycol aqueous
solution was added, followed by dispersion for 10 seconds by a ultrasonic cleaner,
The dispersion was introduced in its entire amount into a flow-type particle image
analyzer “FPIA-3000" and measured in a HPF mode/quantitative count system {total

number counted: 36,000 particles, number of repeated measurement: once) whereupon
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an analysis was carried out within a particle size range of from 1.5 to less than 45 Hm
(circle-equivalent diameter/based on the number of particles).

The average particle size was measured, for example, by using a laser diffraction
type particle size distribution measuring apparatus, CILAS GRANULOMETER “Model
920" (manufactured by BECKMAN COULTER).  With respect to particles having an
average particle size of at most 25 um, 1 g of a sample, with respect to particles having
an average particle size of from 25 to 45 um, 2 g of a sample, or with respect to
particles having an average particle size of from 45 to 120 im, 4 g of a sample, was
weighed and intreduced directly into a sample introduction section of the CILAS
GRANULOMETER. The particle size distribution measurement by the CILAS
GRANULOMETER was carried out at a pump rotational speed of 60 rpm using water as
a solvent and employing the refractive index of alumina (1.768) for setting.

The a-phase content was measured by the following method. The results are
shown in Table 3.

The a-phase content can be obtained by a calibration line method of X-ray
diffraction. For the measurement of the X-ray diffraction, JDX-3500 Model X-ray
diffraction apparatus (manufactured by JEOL Ltd.) was used.

[Method for measuring a-phase content]

Powders prepared by mixing a-phase alumina powder AA-05 {(manufactured by
Sumitomo Chemical Co., Ltd.) and 8-phase alumina powder TAIMICRON TM-100D
(manufactured by TAIMEI CHEMICALS Co., Ltd.) in mass ratios of 0:10, 5:5 and 10:0,
respectively, were subjected to X-ray diffraction measurements, whereupon the
integrated intensity of a peak of a-phase detected in the vicinity of 26=43° was
calculated, and a calibration line of the integrated intensity plotted against the mixing
ratio was made.

Then, a sample of the alumina powder was subjected to an X-ray diffraction
measurement, whereupon the integrated intensity of a peak in the vicinity of 26=43° was
calculated, and the a-phase content was obtained from the calibration line.
EXAMPLES 11 to19 and COMPARATIVE EXAMPLES 11 to 13

In Examples 11 to 18 and Comparative Examples 11 to 13 in Table 3. 30 parts by
volume of the resin blend shown in Table 5 and 70 parts by volume of the alumina

powder obtained in one of the above Examples 1 to 8 and Comparative Examples 1 to 3,
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were mixed to prepare an epoxy resin composition. With respect to the respective
resin compositions of such Examples and Comparative Examples, the flowability and
the heat conductivity were evaluated as follows.

Further, in Example 19, 20 parts by voiume of the resin blend shown in Table 5
and 80 parts by volume of the alumina powder of Example 9 were mixed to prepare an
epoxy resin composition, and its flowability and heat conductivity were evaluated as
follows.

Here, preparation of a heat dissipator used in the measurement of the heat
conductivity was carried out as follows. A material for semiconductors, prepared by
heating and kneading by a twin screw extrusion kneader was cast into a plate-forming
mold of 25 mm x 25 mm x 3 mm by means of a transfer molding machine to prepare a
sample for evaluation of the heat conductivity.

[Flowability]

Using a spiral flow mold, a spiral flow value of the sealing material for
semiconductors, prepared by heating and kneading by the twin screw extrusion kneader,
was measured by means of a transfer molding machine provided with a spiral flow
measuring mold in accordance with EMMI-66 (Epoxy Molding Material Institute: Society
of Plastic Industry). The transfer molding conditions were such that the mold
temperature was 175°C, the molding pressure was 7.4 MPa (gauge pressure), and the
pressure holding time was 90 seconds,

EXAMPLES 21 to 29 and COMPARATIVE EXAMPLES 21 to 23
[Viscosity evaluation]

In Examples 21 to 28 and Comparative Examples 21 to 23 in Table 4, 40 parts by
volume of the liquid silicone rubber and the 70 parts by volume of the alumina powder
obtained in one of the above Examples 1 to 8 and Comparative Examples 1 to 2, were
mixed to prepare a silicone rubber composition.  With respect to the respective silicone
rubber compositions of such Examples and Comparative Examples, the viscosity and
the heat conductivity were evaluated as follows.

Further, in Example 28, 30 parts by volume of the liquid silicone rubber and 70
parts by volume of the alumina powder obtained in Example 9 were mixed to prepare a
silicone rubber composition, and its viscosity and heat conductivity were evaluated as

follows. Further, as the liquid silicone rubber, YE5822A (manufactured by Momentive
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Material) was used.

The obtained results are shown together with the production conditions for the
alumina powders (Examples 1 to § and Comparative Examples 1 to 3) in Table 4.
[Viscosity measurement]

For the viscosity measurement, heat-treated alumina powder was introduced into
the liquid silicone rubber YE5822A manufactured by Momentive Material, foliowed by
mixing by means of a stirring machine NZ-1100, manufactured by TOKYCO RIKAKIKA!
Co., Ltd.. The viscosity of the mixed silicone rubber composition was measured, after
vacuum deaeration, by B Model viscosity TVB-10, manufactured by TOKI SANGYO CO.,
LTD. For the viscosity measurement, No. 7 spindle was used, and the measurement
was carried out at a rotational speed of 20 rpm at a room temperature of 20°C.

Further, preparation of the heat dissipator using the silicone rubber composition
was carried out as follows.

That is, to the silicone rubber compesition comprising the liquid silicone rubber
YE5822A and the alumina powder, prepared in the above viscosity measurement, liquid
silicone rubber YE5822B was added in a ratio of 10:1 by mass, to YE5822A (i.e.
YES822A:YES822B=10:1). After the addition of YE5822B, the mixture was molded
and heat-treated in an atmosphere of 120°C to prepare a heat dissipator.

[Heat conductivity measurement]

The heat dissipator of the epoxy resin composition or the silicone rubber
composition prepared as described above was molded into a size of 25 mm x 25 mm
(length x width) and a thickness of 3 mm, and the molded member was sandwiched
between a 15 mm x 15 mm copper heater case and a copper plate and set under a
clamping torque of 5 kgf/cm.  Then, a power of 15 W was applied to the copper heater
case and maintained for 4 minutes, whereupon the temperature difference between the
copper heater case and the copper plate was measured, and the thermal resistance
was calculated by the foliowing formula.

Thermal resistance (°C/W)=

Temperature difference (°C} between copper heater case and copper plate/
Power (W) applied to heater
The heat conductivity can be calculated by the following formula from the thermal

resistance (°C/W), the heat transfer area [area of copper heater case] (m*) and the
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thickness (m) of the molded product under a clamping torque of 5 kgf/cm.

Heat conductivity (W/m-k)=Thickness (m) of molded product/

{Thermal resistance (°C/W) x heat transfer area (m?)}

Tables 3 and 4 show the results of measurement of the physical properties of the

resin compositions and the rubber compositions in the respective Examples and

Comparative Examples.

Further, *filier filling rate” in Tables 3 and 4 is meant for the filling rate {vol%) of the

alumina powder obtained in each Example or Comparative Example.

TABLE 1

Symbol for alumina powder

Type of raw material

Average particle size

raw material {pmj}
A F’ufvgrszed product of fused 46.4
alumina
B F’ulvgnzed product of fused 95 &
alumina
C Puivgrszed product of fused 104 3
alumina
D Calcined alumina powder 48.9
TABLE 2
Symbol
Z?Lmina Amount gfogmf Amount of Temperature g?gff;i;we
powder of LPG o PP 91 water sprayed | of flames wall
3 2 . o
raw (Nm*“/hr) (Nm¥hr) {(L/(hr-nozzle)) | (°C) (=C)
malerial
Ex. 1 A 25 125 0 2150 1046
Ex. 2 A 25 125 5 2150 883
Ex. 3 A 25 125 15 2150 921
Ex. 4 A 25 125 20 2150 853
Ex. 5 B 40 200 0 2300 1351
Ex. 6 B 40 200 5 2300 1236
Ex. 7 B 40 200 15 2300 1125
Ex. 8 B 40 200 20 2300 1038
Ex. 9 A 25 125 20 2150 853
comp. C 50 250 0 2400 1390
Ex. 1
Comp. ® 80 300 0 2500 1455
Ex. 2
Comp. D 25 125 0 2150 1026
Ex. 3
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136170.0931-61.-09. Amount.of |

(Nm3/hp)..(LIihe RbpaiprEtal SE 9Sal-Sz Variety

Blend (mass%)

Epoxy resin

Orthocresol novolac type
{*EOCN-1020" manufactured by
Nippon Kayaku Co., Lid.)

63.8

Curing agent

Fhenol novolac resin {(*PMS-
4261" manufactured by Gun Ej
Chemical Industry Co,, Ltd.

32.1

Curing accelerator

Triphenylphosphine
(manufactured by HOKKO
CHEMICAL INDUSTRY CO.,
LTD.

0.6

Releasing agent

Montanoic acid ester
("WaxEflakes” manufactured by
Clariant Japan)

3.5

Sitane coupling agent

Organosilane {"KBM-403"
- manufactured by Shin-Etsu
Chemical Co., Ltd.

0.5 Part by mass to100
parts by mass of alumina
powder

As is evident from Tables 3 and 4, the resin compositions using the alumina

powders of the present invention have low viscosities and high spirai flow values, and

5  thus, the flowability is remarkably improved.

The resin compositions using the alumina powders of the present invention are

suitable for application to a sealing material for semiconductors or a heat dissipator,

INDUSTRIAL APPLICABILITY

10 The alumina powder of the present invention is useful as a filler for a resin

composition and further useful for a molding compound or a heat dissipating sheet for

e.g. automobiles, portable electronic equipments, industrial equipments or household

electric appliances.

Further, the sealing material for semiconductors obtainable from the resin

15 composition of the present invention is useful as a component of which the heat

dissipation property is important, such as graphic chips.

The entire disclosure of Japanese Patent Application No. 2008-118246 filed on

April 30, 2008 including specification, claims, drawings and summary is incorporated

herein by reference in its entirety,

20

MEANING OF SYMBOLS

1:  Melling furnace
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4. Supporting gas supply pipe
Raw material powder supply pipe

Water supply pipe

5

6

7. Bag filter
8 Blower
9

R thermocouple



-The resin compositions using the alumina powders of the present invention are suitable for application
to a sealing material for semiconductors or a heat ditSipator. INDUSTRIAL APPLICABILITY toThe
alumina powder of the present invention is usef der for a resin composition and further useful
for a molding compound or a heat dissipating sheet for €.g. automobiles, portable electronic
equipmehts, intlusthiahiequipmedatsdritiotsehatde|sictic appliances.at mo&iustver athensealingdnaterial
for semiconductors obtainable from the resin 15composition of theé)resent invention is useful as a

componB¥tiBRIRIITIRE Melbafksivaavh Bespers S finshahleasth 85 framet ehihe partitke entire
disclosugg,of Japangss rateat Apalicaien Nen 20DR IR0 e on &Rg%g%gg%i?gﬁﬁ#gﬁ%o

specification, claims, drawings and summary Is incorporated herem by reference in'i €
MEANING=D&08 YMBOESitavidltihg iuanase (2nBurner 3: Fuel gas supply pipe 4: Supporting gas

supply pipe 5: Raw material powder supply pipe 6: Water supply pipe 7: Bag filter 8: Blower 9: R
thermoc ﬁ%Ofd%@&?l@%{%%ﬂ'@ﬂﬁﬁﬁéﬁ%wwr which has an a-phase content of at most 40% as

measuresh Rl RS I IMAGTRINAGy A YRBLR FHAI ALALRAY. 095 figle size
range of from 45?% 200 pm and the parfi@lle size rangeaé%ss t%ﬁr? ?585%% gr?qda gr[]} %\E?ec?\é%%gﬂérticle
size of anarsstdesprh OfrethddHod medsuksgestihalye mentehibPewderX prgpdifeddyonixing a-phase
alumina powder and -ph?&se alumina powder in g:ass ratios of 0:10, 5:5 and 10:0, respectively, are

subjectdt 18 K1Y Gifradtioh RrERSLTsmEeS Ak yﬁ@ﬁ'iﬁ@ﬁﬁé@%&@iﬁt@ﬁ%&%ﬁﬁﬁﬁ& Phase
defgctedigihe 4Pyisinity of agﬁﬁeamawaegagmﬁoﬁaub@%mgn&&@@%%%ﬁ@%ﬂ}&@é&y plotted

against the mixing ratio is made; and then, a sample of the alumina powder is subjected to an X-ray
diffractiG@ atesistiremernavaéreiiporeds mddhaed dntensite of dheealinittepdeioity of 205i43tisd

calculat{aoda%@g_}he gfﬁha e content is obta%ne from the allbritlon line, 152.A process for producing

the alumina powder as defined IRCHam T Whith conhstis e HBRIrRIGH Y e REIVeR 8PS LIS fused

aluminavigifiagnes 28-Te iproskstaiepracueingdha-aAkenina ReVEes ReRosding A (Raiey R which
comprises quenching after the heat-treatment of a pulverized product of fused alumina. 4. A resin

compostién containing the alumina powder as defined in Claim 1 in a resin 20or rubber. 5. The resin

coppposition Qrding.t im 4, [ resin Is an epoxy.resin. 6 ..The resin.composition
according to %ﬁg)im 4,gv?/r?%rﬁrj§?iwu(-:‘c lf}g ﬁ%%%ﬁﬁ'o%é ?gls%ﬁ.r aD]s ﬁyi fénr%é}ﬁ* c%Tl%EB?Jsitigﬁ Et cording to
Claim 4covhpridagheahletispasiichee rebhen 256 Afdaabaganaierialiarsasiconductors, employing
the resin composition as defined in Claim 4 or 5. 9.A heat dissipator employing the resin composition
as defiried |:1TLEH§ BiRCEpEifinid s ing the alumina powder according to Claim 2, which

comprises gquenching after the heat-treatment of a pulverized product of fused alumina.
4. Aresin composition containing the alumina powder as defined in Claim 1 in a resin
20 or rubber,
5. The resin composition according to Claim 4, wherein the resin is an epoxy resin.
6.  The resin composition according fo Claim 4, wherein the resin is a silicone resin,
7. The resin composition according to Claim 4, wherein the rubber is a silicone
rubber.,
25 8. Asealing material for semiconductors, employing the resin composition as defined
in Claim 4 or 5.
2. Aheat dissipator employing the resin composition as defined in any one of Claims

4ta7.



