Description 5 Fly Ash Powder and Producti on Method Thereof and Resin
Conposition for Sem conductor Encapsul ati on and Sem conductor Device Using
t he Sane <Technical Field> The present invention relates to a fly ash powder
havi ng excellent wettability (affinity) for resins effected 10 by the
washing and elimnation of ionic inpurities and a production method thereof,
as well as to a resin conposition for sem conductor encapsul ati on which
uses the same and further to a sem conductor device using the same. 15
<Background of the Invention> As Psaasi@iier by conpressi on nol di ng,
extrusion nolding and injection nolding, plastic products which are wused
in various applications are produced by once nmaking a resin conposition
into a state of having fluidity by 20 heating or the like and then form ng
it into a déSiy eksh shewdes mnd pProdeekipnetiehbpd. Thewend andc&etsdinn
mechani cal characteristics, increase in quality and the like, an inorganic
filler represenCedpbpilhjoni fioga, Sepdlaringnctear Fovarsulatomrandie [ i ke is
conventionally added to the 25 aforenentioned resin conposition. 1
Particularly, in the SawédcohduchereDedtidepUsiganitdendimter encapsul ati on
whi ch encapsul ates a sem conductor with a resin, a fused silica is
conventionally used as the inorganic filler, because its

<Technical Field>

The present invention relates to a fly ash powder
having excellent wettability (affinity) for resins effected
10 by the washing and elimination of ionic impurities and a
production method thereof, as well as to a resin
composition for semiconductor encapsulation which uses the

same and further toc a semiconductor device using the same.

15 <Background of the Invention>
As represented by compression molding, extrusion

molding and injection molding, plastic products which are
used in various applications are produced by once making a
resin composition into a state of having fluidity by

20 heating or the like and then forming it into a desired
shape in a predetermined mold. Aiming at certain
mechanical characteristics, increase in quality and the
like, an inorganic filler represented by by silica, calcium
carbonate, talc or the like is conventionally added to the

25 aforementioned resin composition.



5 coefficient of thermal expansion is small, it has electrical insulation
property and its dielectric loss is small even at the high frequency range.
Anong such fused silica, fused silica of a crashed state was previously
used, but recently, high density filling property of 10 inorganic fillers is
required fromthe viewpoint of the solder resistance, heat cycle resistance
and the |like due to changes in the packagi ng form acconpanyi ng the higher
integration of sem conductors. In the conventional naterials for
sem conduct or empaafdudhadiady,, tite tHendidy oflta avetsrti®wf £&2 i norganic filler
was approxi mately 70% by weight based on the total, but in the recent
appl i cat i Gasmicdiidilc e Wrnaagsia tiems i wlyidh | éhagppibaeesya t he bl endi ng
anount is set to 90% by weight or nore in sone cases. However, when a
mat eri al femisRAGMhC twirt 2 enesps Ul at fosed ssprepar €68 usi ng t he
conventional fused silica of a crashed state or the |ike alone and bl endi ng
it at a Ricvdrtichal1PAWedy awithd DhorgdwicifiThyseSbacafisebliem t hat the
resin viscosity at the time of nolding becones considerably high and, as a
resul ts urddffliidignt? o aikbrivdY eefpons bl iheshake, fieqguestly occur in the
packages, which substantially unable to carry out the 2 nol ding.
Accor di nglefle s iRYd Ic il n dul iadh o b Lty SaEd B6s adispbetieal 1bysedssilica or
the like is used in the application of the material for sem conductor
encapsul atsman 1 wWhierh e qtid asidh Hrépiendy fahdd Ng AMaRerdyech Regead !y, 5
spherical inorganic fillers are used also in the general

silica, fused silica of a crashed state was previously

used, but recently, high density filling property of

10 inorganic fillers is required from the viewpoint of the
solder resistance, heat cycle resistance and the like due
to changes in the packaging form accompanying the higher
integration of semiconductors. In the conventional
materials for semiconductor encapsulation, the blending

15 amount of the inorganic filler was approximately 70% by
weight based on the total, but in the recent applications
which require high density filling property, the blending
amount is set to 90% by weight or more in some cases.

However, when a material for semiconductor

20 encapsulation is prepared using the conventional fused
silica of a crashed state or the like alone and blending it
at a high ratio of 90% by weight or more, it causes a
problem that the resin viscosity at the time of molding
becomes considerably high and, as a result, un-filling,

25 wvoid, wire flow and the like frequently occur in the

packages, which substantially unable to carry out the



field of materials for sem conductor encapsul ation and other fields of
plastic nolding materials. The spherical fused silica prepared by
spheroidizing crystal silica of a crashed state with a thermal spraying 10
met hod may be exenplified as such a spherical inorganic filler which is
practically easily avail able. However, it has a disadvantage of being
expensive, so that there is a demand for an inorganic filler which
corresponds to the spherical fused silica and can he provi ded i nexpensively
15 and i nmldnge aRedbBkrdifAgly,, Spheeilddd dnwHgnid |fLH e suckrashed state
I's crushed and subjected to thermal straying in the spherical fused silica
of the af gpeEildaanathddiersdmlics pBaythy Takdols wsedpant thée dianeter is
determ ned by the <crushing grain size, so that an average particle dianeter

20 of 5 ~agplivdsicntdfaline tietd 181 . £AE il EghJuctbri nélpsuphessnt
situation that the spherical silica having a particle dianeter of |ess than

5 ~m necesgdlch frlqiixdy ﬂwid%éiﬁiimiﬁ@rﬁeﬂ@éeﬁtw aldactipg a small
anount of fine powder captured by the back filter at the production 25 step

of thes MalspharaWa10 ifRIRth i Y1 AT Nt CafeSPNBES Cah thé| §€Aeby1an _
extrenely expensive synthesis nethod. Thus, 3 since a conventional spherical

silica firadlAvdE drialds A5 ldmhcsHABEieF SfcappadxtidhehyafromsS to 8
~Lmis expensive due to its | ow supplying amount and difficulty in

synt hesi s othed & iy idmlpIsdiLa ndidind iMeceevsies  having 5 a particle
di ameter of less than 5 gmis extrenely
The spherical fused silica prepared by spheroidizing
crystal silica of a crashed state with a thermal spraying
10 method may be exemplified as such a spherical inorganic
filler which is practically easily available. However, it
has a disadvantage of being expensive, so that there is a
demand for an inorganic filler which corresponds tc the
spherical fused silica and can be provided inexpensively
15 and in a large amount. Also, since the crystal silica of a
crashed state is crushed and subjected to thermal straying
in the spherical fused silica of the aforementioned thermal
spraying method, its particle diameter is determined by the
crushing grain size, so that an average particle diameter
20 of 5 um is substantially the limit. Accordingly, it is the
present situation that the spherical silica having a
particle diameter of less than 5 um necessary for high
density filling is prepared by collecting a small amount of
fine powder captured by the back filter at the production

25 step of thermal spraying method or by obtaining a spherical

silica by an extremely expensive synthesis method. Thus,



expensive, an inorganic filler as an inexpensive spherical fine powder has
been in demand. On the other hand, the fly ash discharged in a | arge anount
from coal conbustion power plants is a spherical 10 matter, and it is known
that its fluidity is inproved when used as a nolding nmaterial, such as

i nprovenent of fluidity of concrete when it is blended as a concrete

m xture. in addition, since the aforenentioned -fly as', is a by-product
conponent, it is quite econom cal and excellent in affinity 15 with resins
and has haideesa @bt venefifdnaileniphefritdaar naill i ex phivse opowde £ hhavengqai val ent
to those of the spherical fused silica, so that it alnpst satisfies the

af or ement pared cleddiamerieirs o fSiapparddiymaasdias ffon e taf®r@mensi oned fine
powder and ultra fine powder regions 20 are produced in a | arge anmount as
fracti on tkpensheos dye tar iids 1GwWSKIdd18fihg idmddnteVvaiendiffibéultyi sn
superior also fromthe econony point of view However, ionic inpurities in

a | arge agputhedie, AhAS@Nisphiedikanlf Is ldasda silrfmcef il pdwdas PLRIngffinity
25 with resins. Wen it is used as an inorganic filler for plastics use, it
causess pr abpaikigleh ddameteragd agaid dhah duqud A d rdegedmal i spersion in a
resin as the matrix conponent, so that it was difficult to apply it to
practi cal eipenisivegdl aduSnidr@lads S Gl 1as R e al e didns Sedll SEREHCEQL
encapsul ation and the like. For the purpose 5 of solving such problens, a
met hod hagiheepopideRoshad beenMitiddddnount of alkali netal ions as

inmpurities is
On the other hand, the fly ash discharged in a large
amount from coal combustion power plants is a spherical
10 matter, and it is known that its fluidity is improved when
used as a molding material, such as improvement of fluidity
of concrete when it is blended as a concrete mixture. 1In
addition, since the aforementiocned fly ash is a by-product
component, it is quite economical and excellent in affinity
15 with resins and has hardness and coefficient of thermal
expansion which are equivalent to those of the spherical
fﬁsed silica, so that it almost satisfies the
aforementioned requirements. Since fly ashes of the
aforementioned fine powder and ultra fine powder regions
20 are produced in a large amount as fraction fly ashes by
various classifiers, it is evident that it is superior also
from the economy point of view.
However, ionic impurities in a large amount are
present on the fly ash surface and it has poor affinity

25 with resins. When it is used as an inorganic filler for

plastics use, it causes problems such as its aggregation



reduced by baking fly ash at a high tenperature and then washing it with a
m neral acid agueous solution (cf. Patent Reference 1). 10 Reference 1:

JP- A-11-199218 <Di scl osure of the Invention> However, the aforenentioned
silica powder in the form of fine powder obtained by taking into
consideration of 15 only the reduction of the anobunt of alkali netal ions is
not sufficient enough regarding its affinity (wettability) wth various
resins, and is insufficient as various applications, for exanple, as the

appl i cat i duedftd herr&GOI £AeAL Epoedi oAt eni al rE8insagi edaduaiterixencapsul ation
in 20 which demand for its reliability has been further increased in recent
years. ThaedM@sfdit) wenthad bDaswasedipndeuby takapglgueh tsituations into
consi deration, and an object thereof is to provide a fly ash powder having
reduced | @rdctiGRI i d¥e 2bn COALEOLs andeBdsekhent aaf hbmieky afwettlogbi 1 ity) for
various resins, a production nethod thereof, a resin conposition 5 for

sen conducdei PSSt At éABapbih LAt UsRSahlethaniikand Por SERE Cpagdpekar

devi ce. For the purpose of achieving the aforenmentioned object, a first

gi st of ther HESeINg | SWERt bBBbLERE les m8tRodShhkybash pevwgesedhiigh contains
substantially no silanol group, wherein electric conductivity of water

extract afdifich s@Rki Lifo@ht 10fJalkaleméti1asBnpovdeimpari@@erl i@f pure
water at 20C for 6 hours is 200 S/cmor less. Also, its
reduced by baking fly ash at a high temperature and then
washing it with a mineral acid aqueous solution (cf. Patent

Reference 1) .

10 Reference 1: JP-A-11-199218

<Disclosure of the Invention>

However, the aforementioned silica powder in the form

of fine powder obtained by taking into consideration of

15 only the reduction of the amount of alkali metal ions is
not sufficient enough regarding its affinity (wettability)
with various resins, and is insufficient as various
applications, for example, as the application of the
aforementioned material for semiconductor encapsulation in

20 which demand for its reliability has been further increased
in recent years.

The present invention has been made by taking such
situations into consideration, and an object thereof is to
provide a fly ash powder having reduced ionic impurity

25 content and excellent affinity (wettability) for various

resins, a production method thereof, a resin composition



second gist resides in a nethod for producing a fly ash 10 powder, which is
a nethod for producing the aforenentioned fly ash powder, wherein a fly ash
powder material is baked at a tenperature of from500 to 900C, and then the
aforenentioned fly ash powder material after baking is washed using an

aci di ¢ aqueous sol ution having an acid 15 concentration of 1.0 nol/I| or

| ess, subsequently washed using pure water, dried and then pul veri zed.

Also, its third gist resides in a nethod for producing a fly ash powder,
whi ch i s #&ofretskead comduartedil Gintgap el 8t iosre et ¢:1o niesle s f tlye asimpowdad, awher ei n
a fly ash powder material is baked 20 at a tenperature of from500 to 900C,
and t hen tslemicahdietent idenddd.l y ash powder material after baking is washed
usi ng an aci di ¢ aqueous sol ution having an acid concentration of 15.0 nol/1
or nore, subseqremnt kthenwpslredselsifngchilesinwrf ethe dfiictbmentveieded and t hen
again baked at 25 a tenperature of from500 to 900C. Also, its fourth gist
resi des i pbjecdsSi & EAHIASidilsn FOrtise P oaEshic t Divén ehempses Bdésninwai ch
conprises the aforenentioned fly ash powder as an inorganic filler, and its
fifth gi stEleaisthe povwdera WA Guliteiinls dbCeaiPIigi mg &id&Abronduct or

el ement havi ng been encapsul ated by the aforenentioned 5 resin conposition
for sem cagrdu@t,0wheredps Wlaidtic Bpddkdtigriwef cobfwetédecékveadti hEEaki on of
fly ash as a by-product material, the present inventors have solved the
probl ens isewaklivgd dfn 10t & W .thEhaly Sash sowdes i 160 uAll esf wedgecarri ed out

in order to obtain a fly ash

water at 20°C for 6 hours is 200 puS/cm or less. Also, its
second gist resides in a method for producing a fly ash

10 powder, which is a method for producing the aforementioned
fly ash powder, wherein a fly ash powder material is baked
at a temperature of from 500 to 900°C, and then the
aforementioned f£ly ash powder material after baking is
washed using an acidic aqueous solution having an acid

15 concentration of 1.0 mol/l or less, subsequently washed
using pure water, dried and then pulverized. Also, its
third gist resides in a method for producing a fly ash
powder, which is a method for producing the aforementioned
fly ash powder, wherein a fly ash powder material is baked

20 at a temperature of from 500 to 900°C, and then the
aforementioned fly ash powder material after baking is
washed using an acidic aqueous solution having an acid
concentration of 15.0 mol/l or more, subsequently washed
using pure water, dried, pulverized and then again baked at

25 a temperature of from 500 to 900°C. Also, its fourth gist

resides in a resin composition for semiconductor



10 powder fromwhich ionic inpurities are renoved and which is excellent in
affinity (wettability) for resins and suited for practical use. As a
result, it was ascertained that a fly ash powder which does not
substantially contain silanol group, wherein electric conductivity of water
extract after 15 soaking of 10 g of the fly ash powder in 100 m of pure
water at 20*C for 6 hours is set to 200 ~i S/cm or |less, has excellent
affinity (wettability) for resins and is suited for practical use as an
I nor gani ¢ endapauliativar,] odsi ctpptongat i 9as . tHdcafaf¢reentibeedr £3gnashnventi on
was 20 acconplished by finding that such a fly ash powder can be obtained
by baki ng powider ash gpoviderrgmtisr ifallbtr o andnjpes af Uf thofistoreS@8eso 9000C,
and then washing the aforenentioned fly ash powder material after baking
usi ng an iaciadiseragueclisctsnt Wevite subgerieidd ya Wwaathi agndtctiskng 25 pure
water, drying it and pulverizing it, and then again baking it at a
t enper at ured efenft (raal{Yy tlee 80 Ericagepeldited) by othé hef acedenbhosadr at i on of
t he af orenmenti oned aci di ¢ agueous sol ution. <Best Mde for Carrying Qut the
| nvent $ onx&s iNe domperdiiotdidre icer Mderiieopdwsest émvapsabathon. described in
detail. The fly ash powder of the present invention is a purified powder
prepared by wasBingakichgr el RF iedfertivepurtitliess tidn it cODY aasls as
substantially no silanol group 10 shown by the followi ng formula (1),
wher ei n elaebly-Hprodimitd uci tas tal Of thveatere s € abivard ter s Shakengobired0 g of the
the problems involved in its use. That is, a series of
studies were carried out in order to obtain a fly ash
10 powder from which ionic impurities are removed and which is
excellent in affinity (wettability) for resins and suited
for practical use. As a result, it was ascertained that a
fly ash powder which does not substantially contain silanol
group, wherein electric conductivity of water extract after
15 soaking of 10 g of the fly ash powder in 100 ml of pure
water at 20°C for 6 hours is set to 200 puS/cm or less, has
excellent affinity (wettability) for resins and is suited
for practical use as an inorganic filler in various
applications. Thereafter, the present invention was
20 accomplished by finding that such a fly ash powder can be
obtained by baking a fly ash powder material at a
temperature of from 500 to 900°C, and then washing the
aforementioned fly ash powder material after baking using
an acidic aqueous solution, subsequently washing it using

25 pure water, drying it and pulverizing it, and then again

baking it at a temperature of from 500 to 900°C depending



fly ash powder in 100 ml of pure water at 200C for 6 hours 1is 200 pS/cm or
| ess. Particularly preferably, it contains substantially no silanol group
shown by the following 15 formula (1), wherein electric conductivity of

wat er extract after soaking of 10 g of the fly ash powder in 100 m of

pure water at 160'C for 24 hours is 50 gS/cm or less. --Si-OH.... (1) 20
In this connection, the aforenentioned term 1lcontains(s) substantially no
silanol group"” according to the present invention neans that ratio of the

silanol grexpth&0ateat cbficAntPaliohess ther @ preh@ndilondy QW pic | ess, 25
particularly preferably 0.040 or less, as a result of chemcally nodifying

silanol groghe&ist B81a8Lbace of the 8 fly ash powder with
tridecafluoro-1,1, 2, 2-tetrahydrooctyl- 1-trichlorosilane (to be referred to
as TDFS hereinafter) and then determining its anount by carrying out X-ray
phot oel ectron spectroscopy analysis (ESCA analysis). This 5is

ilTustratiyelyt: desgei PSH cArtPenfobhewthe. 1fldhtien>l 9 of fly ash powder
is diluted with 95% et hanol containing 10% TDFS to be used as a fluorine

systemscoupl i Ng \aeN! , emiSGH ks QUL E | Enkeppateft aRdeneiBhekextraction is
carried out for 100 hours or nore to renpve unreacted TDFS. After 10 its

washi ng, thesSALE PRVEEEais dried at 110C to obtain a sanple in which
silanol group is chemcally nodified. This sanple powder is fixed to a
conductive pressi{& rBLNH | YSwALPESEVEnL APFelOn LAl h¥eALiRSES anal ysis.
purified powder prepared by washing and removing ionic
impurities, which contains substantially no silanol group
10 shown by the following formula (1), wherein electric
conductivity of water extract after socaking of 10 g of the
fly ash powder in 100 ml of pure water at 20°C for 6 hours
is 200 uS/cm or less. Particularly preferably, it contains
substantially no silanol group shown by the following
15 formula (1), wherein electric conductivity of water extract

after soaking of 10 g of the fly ash powder in 100 ml of

pure water at 160°C for 24 hours is 50 uS/cm or less.

=Si-OH e (1)
20
In this connection, the aforementioned term
“contains (s) substantially no silanol group’” according to
ﬁhe present invention means that ratio of the silanol group
content is 0.10 or less, more preferably 0.090 or less,
25 particularly preferably 0.040 or less, as a result of

chemically modifying silanol group on the surface of the



In this connection, the device to be used in the 15 aforenenti oned ESCA

anal ysis and neasuring conditions are as follows. That is, Shimadzu/ Krat os
AXI S-Hi s of Shimadzu Corp. is used as the analyzing and neasuring devi ce,

Al Ka (using a nmnonochromator) is used as the X-ray source, and the X-ray
output is set to 150 W(15 kV) . The 20 photoel ectron ejection angle is set
to 90 against the sanple surface, and the analyzing area is set to 300 x
700 pm Also, the binding energy is shifted and corrected based on the Cs
peak top &3y288h0peVdetheriadl tafide@iiiforBfl tihe S+ edetalgy tiPo byyThem cal
nmodi fication nmethod is 25 determ ned by calculating the ratio of silanol
group to 1tetrakhIorbsil@re/ [(Bd be HdHeideBS [&3 2IiFs KéfdBi4f83) 9 In the
above formula, [FIs] and [Si2p] are F and Si atom (atomic) %respectively

obt ai ned fhamthken dedc®ndpifigdAAlsS amoithtd Byeddriryiing M €akcth@t i on, the
term "does not substantially contain silanol group"” according to the 5

present i prekbedBcitRAnCapes tidaicddie dratliveitf (EScOdddSidis) nammlis ratio of

the silanol group content becones 0.10 or |ess, nore preferably 0.090 or

| ess, partikcuhaikyrahobaiableyd2i@4d dn [t@ss foll®ving asirnad ke used as the
material of the fly ash 10 powder production nethod of the present

i nventionoies f1pgakishChewdel filsn@iasitdd) Wifth fdsue afans et hy has a
shape close to spherical. As ionic inpurities, for exanple, amoniumion,

sulfate i 00s ¢BlFS ¥B beNuseddiadMa iIfAho /IRGN@SIdHEM UbuEIH i i dgerh©N and the
| i ke are contai ned
salting out is repeated, and Soxhlet extraction is carried
out for 100 hours or more to remove unreacted TDFS. After
10 its washing, the sample powder is dried at 110°C to obtain
a sample in which silanol group is chemically modified.
This sample powder is fixed to a conductive pressure
sensitive adhesive tape to carry out ESCA analysis.
In this connection, the device to be used in the
15 aforementioned ESCA analysis and measuring conditions are
as follows. That is, Shimadzu/Kratos AXIS-His of Shimadzu
Corp. is used as the analyzing and measuring device, Al Ko
(using a monochromator) is used as the X-ray source, and
the X-ray output is set to 150 W (15 kV). The
20 photoelectron ejection angle is set to 90° against the
sample surface, and the analyzing area is set to 300 x 700
um. Also, the binding energy is shifted and corrected
based on the Cls peak top as 285.0 eV. Thereafter, amount
of the silanol group by chemical modification method is

25 determined by calculating the ratio of silanol group to

total Si [Si-OH]/[Si] = ([F1lsl1/13)/{[Si2p] - ([F1ls]1/13)}.



15 in al
burning i

these ionic inpurities vary depending on the carbon species. As an 20

exanpl e,

ash havi ng an average

det ect ed,

arge amount in the fly ash which underwent partially inperfect
n a so-called coal conbustion power plant and passed through an
NO, renmpval system and an electric dust collector. Though the anounts of

the electric conductivity of water extract after extraction of
ionic inpurities in fly ash by soaking of 10 g of an unwashed fraction fly

a materiahsfarresgMtCondyhbotagiadptiloat,| AheVterl Odyad isd ng the 5
af orenenti oned unwashed fraction fly ash having an average particle

di aneter gin6tgAtiAslgadontatiRe sGUENIL! Jiresgd =Hddhi@pnes g used in

materials for sem conductor encapsul ation and then a hardened product

d p¥esBardenivBdthbhs inatekitdls, thhe hdldanad Proxdundi ves) spdjected 10
to sufficient post-hardening and pul verizzation, 10 g of pulverlzed matter

of the hapgdeaed preducbr\WaseS@aladoln gkp MHondent HerdudL 0l ®ror and t hen

obt ai ned

ionic inpurities in the

24 hours
electric

10

15

20

25

conductivity of the water extract at "C was 44

preferably 0.040 or less.

The fly ash to be used as the material of the fly ash
powder production method of the present invention is
particles of fine ash in the flue gas, and generally has a
shape close to spherical. As ionic impurities, for
example, ammonium ion, sulfate ion, calcium ion, sodium
ion, magnesium ion, chlorine ion and the like are contained
in a large amount in the fly ash which underwent partially
imperfect burning in a so-called coal combustion power
plant and passed through an NO, removal system and an
electric dust collector. Though the amounts of these jionic
impurities vary depending on the carbon species. As an
example, the electric conductivity of water extract after
extraction of ionic impurities in fly ash by socaking of 10
g of an unwashed fraction fly ash having an average
particle diameter of 6 pm in 100 ml of ultra-pure water at
20°C for 6 hours is an extremely high value of about 1000
pS/cm, wherein about 500 ppm of ammonium ion, about 500 ppm

of sulfate ion, about 200 ppm of calcium ion and about 20

10

particle dianeter of 6 ~= in 100 m of ultra-pure
wat er at 130tRef abobGeh@bimuls ,arrFastr e [ S1i2g)] \wddier eindlutaddi®o 25

~tS/cm wherein about 500 ppm of anmoni um i on,
i on, aboufa28RippMokeepkeitdelgn otd idRAUErdth ¥l PRADIsiSHi sHgho1E ar e
and pH of the extract is about 10. In addition, for exanple,

about 500 ppm of sulfate

when

is

_ fly ash were extracted -in the ultra-pure water for
1889€ermarbi ghekFernsngt or.edo g nre@%sug%&qr&ntaﬂ of 160'C, 15



~tS/cm show ng about 10 tines larger value in conparison wth the case of
the af orenentioned current fused silica, and particularly, the sulfate ion
concentration was 1360 ppmwhich is about 100 tines higher concentration in
20 conparision with the case of the aforenentioned current fused silica.
Thus, since the anount of ionic inpurities in extracted water becones | arge
when unwashed fly ash is wused directly as a bl endi ng conponent of a
material for sem conductor encapsul ation as described in the above, 25
vol une reppat b¥i tpddiumhdoae e pledtitdied)f e pobtat Ndde etedctlisor
sem conduct or encapsul ati on becones 1.0 x 1014 11 O-cmat 100'C, which is
1/ 10 or | ebsutstothat considerably poor results are obtained by various
noi sture resistance tests. The fly ash powder of the present invention is 5
prepared using Bnfhagdashopowder smtmpilal, ehehaianmageailadr gdr anount of ionic
inpurities as described in the above and by purifying this via a specific
net hod. | Beafldbhdaetoas enldapsillatdsh pasderadicdd alsimgy beheised as the
material of the fly ash powder of the present invention, a material having
10 a desi afdramenggenpadr intladhedidafataert iioh @iyt eixl |1hawialedredveardgeised in
response to its application and the |like. The average particle dianeter can
be neasurpdrtielecdaapeter v BQ um Lastead fdf adid aurseait efusgdt ype
particle size distribution measuring device. 15 Accordingly, the fly ash
powder of silhgcpr gefstralilRVeudladd i nC Maltairis lsulFdmnddmildondin-tsdéd anol  gr oup,
wherein

encapsulation and then a hardened product is obtained by

hardening this material, the hardened product was subjected

10 to sufficient post-hardening and pulverizzation, 10 g of
pulverized matter of the hardened product was soaked in 100
ml of ultra-pure water, and then ionic impurities in the
fly ash were extracted in the ultra-pure water for 24 hours
under a high temperature high pressure condition of 160°C;

15 electric conductivity of the water extract at 20°C was 440
puS/cm, showing about 10 times larger value in comparison
with the case of the aforementioned current fused silica,
and particularly, the sulfate ion concentration was 1360
ppm which is about 100 times higher concentration in

20 comparision with the case of the aforementioned current
fused silica. Thus, since the amount of ionic impurities
in extracted water becomes large when unwashed fly ash is
used directly as a blending component of a material for
semiconductor encapsulation as described in the above,

25 volume resistivity of hardened product of the obtained

material for semiconductor encapsulation becomes 1.0 x 10

11



el ectric conductivity of water extract after soaking of 10 g of the fly ash
powder in 100 m of pure water at 200C for 6 hours is 200 AS/cm or |ess,
and which is preferably 20 purified into such a level that electric
conductivity of the water extract becones 10 [tS/cmor |ess. Particularly
preferred is a case in which electric conductivity of water extract after
soaking of 10 g of the fly ash powder in 100 m of pure water at 160'C for
24 25 hours is 50 AS/cmor |less, and which is purified into such a |evel
that it comMad st SLOGIGNbdldhy k0 19iltarad Iggaip. sd 2eHist t den ef deeabbyi oned
pure water, for exanple, industrial water and service water which contain a
smal |  anpubk a@ksudtisc ddeWhtidiassd My vl Bacd angies it € ra@dils tahtea- pure

wat er that contains alnost no ionic inpurities 5 and the |ike my be cited.
Anong themesitis.is particularly desirable to use ion exchange water or
ultra-pure water. Illustratively, it is suitable to use a pure water having
an el ectric congnet iyt wshf pbwldeemodr thes preBemtf linwasttipawdies of the
present invention is 10 produced, for exanple, by the two kinds of nethods
shown 3 n pkhgafeld asing O wladhebuden Etshticdl odored twing 13 Largwhi ch a
fly ash powder material is baked at a tenperature of from500 to 900C.

Ther eaf t eamolun® ffOrTER iiaiRrctifdies ash yEicibamt i | the adib&ve bakiingy ! S
washed using a diluted 15 aci di ¢ agueous sol ution having an acid

concent r abu@R f@fink Ghilvila & JpRssifisdihcefimd! | nvasldad ivsi NG Putiee wat er,

dried and then pulverized.
fly ash powder material to be used as the material of the
fly ash powder of the present invention, a material having

10 a desired average particle diameter is optionally selected
and used in response to its application and the like. The
average particle diameter can be measured, for example,
using a laser diffraction scattering type particle size
distribution measuring device.

15 Accordingly, the fly ash powder of the present
invention contains substantially no silanol group, wherein
electric conauctivity of water extract after soaking of 10
g of the fly ash powder in 100 ml of pure water at 20°C for
6 hours is 200 pS/cm or less, and which is preferably

20 purified into such a level that electric conductivity of
the water extract becomes 10 pS/cm or less.

Particularly preferred is a case in which electric
conductivity of water extract after soaking of 10 g of the
fly ash powder in 100 ml of pure water at 160°C for 24

25 hours is 50 pS/cm or less, and which is purified into such

a level that it contains substantially no silanol group.

12



The other nethod is a production nethod (2) in which a fly ash powder
material is baked at a tenperature of from 20 500 to 900C. Thereafter, the
af orenenti oned fly ash powder material after baking is washed using a
concentrated acidic agqueous solution having an acid concentration of 15.0
mol /|l or nore, subsequently washed using pure water, and then dried and

pul veri zed. Subsequently, this is again 25 baked at a tenperature of from
500 to 900C. 13 As described in the above, the firstly carried out step for
baking a fly ashspendensfsirbhientibaedapgeeoiwaited) 230 &:nI® C is carried
out before the washing steps by an acidic aqueous solution and pure water,
and unbur aaduegikhanl wadled aPPFeaxvded ha tsay fticwfcddyarsha pomdelr particl es
are renoved, so that the subsequent washing can be carried out

ef fi ci ent hrouBY W&ESHiond d Aepualiad &4,y cas i qiowidethdisgengvatfefiCagldc  aqueous
solution after the aforenentioned baking step, 10 al kali ne conponents (e.g.,

cal cium untrhephlry achefowieit cdntang edmasx: tintiddidennpesi possi bl e as a
result to renove ionic inpurities to extrenmely |ow | evel. The

af orement haaedhaciidke aRAYEBES SAHd.i OAmbAgN@hempalitt G Pantildulidrad; as | ong
as it can elute alkaline 15 conponents in the fly ash powder, and its

exanpl es HaghudBlevab Qe AGHCQRQULkThIRIg Waltsers Wih st f -k agdoF i ¢ aci d,
sul furic acid, phosphoric acid and the |like. Regarding acid concentration

of the aC![Q!LﬁsQQHQbe%lSym Ui QR shii tabledas Rafd & tufardacrthdhengi xi ng and
stirri ng treatnents
an electric conductivity of 1 pS/cm or less.
The fly ash powder of the present invention is
10 produced, for example, by the two kinds of methods shown in
the following. One of them is a production method (1) in
which a fly ash powder material is baked at a temperature
of from 500 to $00°C. Thereafter, the aforementioned fly
ash powder material after baking is washed using a diluted
15 acidic aqueous solution having an acid concentration of 1.0
mol/l or less, subsequently washed using pure water, dried
and then pulverized.
The other method is a production method (2) in which
a fly ash powder material is baked at a temperature of from
20 500 to 900°C. Thereafter, the aforementioned fly ash
powder material after baking is washed using a concentrated
acidic aqueous solution having an acid concentration of
15.0 mol/l or more, subsequently washed using pure water,

and then dried and pulverized. Subsequently, this is again

25 baked at a temperature of from 500 to 900°C.

13



20 in the acidic aqueous solution at such an acid concentration that

di spersion of the fly ash powder becones proper, fromthe viewoint of
efficient prelimnary washing. Al so, according to the present invention,
two Kkinds are used as the aforenmentioned acidic solution by 25 taking the
subsequent steps into consideration as described in the foregoing. One is
an aci di ¢ aqueous solution having 14 an acid concentration of 1.0 nol/1 or

|l ess, and in describing nore illustratively, it is to use a diluted strong

aci d aqueous sQditdedePfbdd 0iDERE MovEesSthé 29rEt1yTharkewar ohitmit of acid
concentration in this case is 5 generally 1.0 X 10-3 nol/|. The other one is

an aci di csta8ueotSpsRi MG QneDy A5nOpBRbLE QL tRRHE thandanged@ICrading nore
illustratively, it is to use a concentrated acidic aqueous solution of 15.0

mol /1 or 3o ecdt 9@ i TheaMpRey odd MdrOfe achd $RORERGT 3LELR b LRI s case
is not 10 particularly limted, but in the case of comercially available

concent r af ey 1y dL QebbRE | SoBGtdon! hnéiSpaeaekakby, ahaUtuinbarild lcaddbn

addi tion, when thée aforenentioned acidic aqueous solution of 15.0 nol/l| or

more ks Uusedl amBOREes abh 0Bnaf sgabkanel o8r eup ReROPBRAEeMBLRkARlAeSQANat it 15
IS necessary to carry out final re-baking within the range of from 5000C to

9000C as depsvdidedssnehle £RECHAL08qudhESwashifl @Anablkdict y2quRP RSOl ution
having an acid concentration of 1.%unDI/I or léss is used, formation of
silanol Qepp.{isSnEpptrolled in conparison with the case of 20 the use of an
aci di ¢ aqueous solution of 15.0 nol/l or

By washing the baked fly ash powder using an acidic
aqueous solution after the aforementioned baking step,

10 alkaline components (e.g., calcium) in the fly ash powder
are eluted, so that it becomes possible as a result to
remove ionic impurities to extremely low level.

The aforementioned acidic agqueous soclution is not
particularly limited, as long as it can elute alkaline

15 components in the fly ash powder, and its examples include
various aqueous solutions such as of hydrochloric acid,
sulfuric acid, phosphoric acid and the like. Regarding
acid concentration of the acidic aqueous solution, it is
desirable to carry out the mixing and stirring treatments

20 in the acidic aqueous solution at such an acid
concentration that dispersion of the fly ash powder becomes
proper, from the viewpoint of efficient preliminary
washing. Also, according to the present invention, two
kinds are used as the aforementioned acidic solution by

25 taking the subsequent steps into consideration as described

in the foregoing. One is an acidic aqueous solution having -

14



nore, and as a result, a tendency of somewhat inproving dispersibility
(wettability) with the epoxy resin which is described |ater can be seen.
The washing step using pure water, which is carried 25 out after the

af orenenti oned washing step using an acidic aqueous solution, reduces ionic
inmpurities considered to be 15 adhered on the surface of fly ash powder
particles, by soaking the fly ash powder of after baking and acidic

aqueous sol ution washing into pure water, preferably carrying out shaking

or stirrigng gpeakbABenthd thibar eby 15 cehidigierid NIt idih the ionic
inpurities into the water extract. The pure water to be used in the

af or ement 4aBedi LYAGN MBGeS H2N usTrAd viRART,| GW ald td ived ed.daneesdm lar to
the aforenentioned case, for exanple, industrial water and 10 service water

whi ch contaisng asabl a%ﬁg'éﬂts ebi1u@iioh JFMUN WAY1 Pr IWs£xchapge wat er and
ultra-pure water that ardly contain ionic inpurities and the |like may be

cited. ifphaddbiibenainiencFubkher coaddnit-atidh tihe @mudagd ionic
inpurities is planned corresponding to the intended anmount 13 of ionic

i npurid i e§enblah 3ydeSor abhe-1 qudiSal | ORHeXhafage ontatied M ddidfs pure water
in response to the washing degree. Illustratively, it is desirable to use a

pure wat g4, B8UENYo2Rt8bACHE & 5CONWAlI1VidyY mfrel Hnel G Ued &SSoiddr t her,
tenperaturé of pure water in the 20 aforenentioned washing step which uses
pure vat efots 024uskPRhkiGBhY! Yt hE ted us0a WfhddntTDe Yhidis the range
aqueous solution of 15.0 mol/l or more at 20°C. The upper
limit of acid concentration in this case is not
10 particularly limited, but in the case of commercially
available concentrated hydrochloric acid, it is generally
about 15 mol/l. In addition, when the aforementioned
acidic aqueous solution of 15.0 mol/l or more is used,
generation of silanol group becomes remarkable, so that it
15 is necessary to carry out final re-baking within the range
of from 500°C to 900°C as described in the foregoing. Thus,
when an acidic aqueous solution having an acid
concentration of 1.0 mol/l or less is used, formation of
silanol group is controlled in comparison with the case of
20 the use of an acidic aqueous solution of 15.0 mol/l1l or
more, and as a result, a tendency of somewhat improving
dispersibility (wettability) with the epoxy resin which is
described later can be seen.
The washing step using pure water, which is carried
25 out after the aforementioned washing step using an acidic

aqueous solution, reduces ionic impurities considered to be

15



fromO to 100'C. In nore illustratively describing, a nethod in which an
extraction washing operation by ordinary tenperature water of fromO to
20'C, a solid-liquid 25 separation operation and a drying operation are
continuously repeated about 4 to 5 tinmes, and then an 16 extraction washi ng
operation by high tenperature hot water of from80 to 100'C, a solid-liquid
separation operation and a drying operation are al so continuously repeated
about 4 to 5 tines, is desirable because it renders possible 5 economn cal
and effi chdnéredduat the eurfheeardufllyofashomictvddmuarttickes ) by hi s
connection, when the washing is carried out using a high tenperature high
pressure wahkingf th&0EA¢ ashnpowdeirhefi Gfited Makirng esndaicb®iéurt her
reduced, but the apparatus becones |arge scale so that the economc 10

per f or managquesueossildeiahl washdngedntdl pmreseldtdd | prakerdiby at the tinme of
m xing and stirring the fly ash powder and pure water in the

af or enent capedingsbukg shbRinghioh stdesipiy @paaiaidrs, nid fleetélsyl arly
limted too, but it is desirable to increase 15 the washi ng frequency by

i ncreasi ngfeathienefliyt beutlingathe powder impegdused aditd i €He okatde anount of
washi ng water can be made. In addition, the mxing stirrer at the tinme of
extracti oaxemabitng in the aforenmenti oned washing step is 20 not
particularly limted, and a general disper-stirrez or the |ike having
superior di spershéipiuty watdseldo BkSasedr egatliengfohemindiesmid i oned
solid-liquid separation
washing step is not particularly limited, and similar to
the aforementioned case, for example, industrial water and
10 service water which contain a small amount of ionic
impurities, or ion exchange water and ultra-pure water that
hardly contain ionic impurities and the like may be cited.
In addition, when further reduction of the amount of ionic
impurities is planned corresponding to the intended amount
15 of ionic impurities, it is desirable to use ion exchange
water or ultra-pure water in response to the washing
degree. Illustratively, it is desirable to use a pure
water having an electric conductivity of 1 pS/cm or less.
Further, temperature of pure water in the
20 aforementioned washing step which uses pure water is not
particularly limited too, and it may be within the range of
from 0 to 100°C. In more illustratively describing, a
method in which an extraction washing operation by ordinary
temperature water of from 0 to 20°C, a solid-liquid

25 separation operation and a drying operation are

continuously repeated about 4 to 5 times, and then an

16



met hod, repeating frequency of the solid-liquid separation operation can be
reduced and reduction of the ionic 25 inpurities can be attai ned nore
econom cally, when the water content of fly ash cake after the separation
is 17 small. The solid-liquid separation nmethod in this case is not
particularly limted too, and for exanple, a nethod by filtration making
use of a filter such as of pressure filtration or the like, a
centrifugation nmethod, a decanter 5 separation nethod which uses difference

in specifigtrgaaviby whehwagnobky¥aaibnabyd WGl tepe st e Hewdirdiger
sedinentation, and the Iike may be cited. Next, in the drying step which is

carried ogt afbmrsothe aboreeat sened-vaghiagsspapathah WpRTatilch water, it
is 10 necessary to renove water conpletely fromthe fly ash cake, but the

dryi ng mesjhQdai arf9hgpapbirathanl urkl Gilised coatdnulRis1 el fted B0 in
which the fly ash cake after solid- liquid separation is dried and

solidified t8 8 Biglhs,t eBparaiva®leVeRcatskeale daHdrSPdhfbrati on net hod
by a 15 spray dryer, and the |like may be cited. In this connection, when

the flyy agsBohsSmaggiegaliedsat ctiba t! r@ueftiocdl WENGhd lanicurftesd# albeid 0 enpl oy
a suitably | oosening operation. In addition, when an acidi c agueous

sol ution 9hpdPilied0 NPh/EnDE EBhReLEidRCUwhant BReal;a58ABAL ii@ned washi ng
step which uses an acidic aqueous solution, it is necessary to re-bake the

fly ash poudeseRuUbuer h38HgVhanile AeRpRFRRLRNEd gl W AIRD wie o A
tenperature condition
100°C or more, the ionic impurities can be further reduced,
but the apparatus becomes large scale so that the economic
10 performance is considerably reduced.

Also, solid-liquid ratio at the time of mixing and
stirring the fly ash powder and pure water in the
aforementioned washing step which uses pure water is not
particularly limited too, but it is desirable to increase

15 the washing frequency by increasing ratio of the fly ash
powder, because reduction of the amount of washing water
can be made.

In addition, the mixing stirrer at the time of
extraction washing in the aforementioned washing step is

20 not particularly limited, and a general disper-stirrer or
the like having superior dispersibility is used. Also,
regarding the aforementioned solid-liquid separation
method, repeating frequency of the solid-liquid separation
operation can be reduced and reduction of the ionic

25 impurities can be attained more economically, when the

water content of fly ash cake after the separation is
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of from500 to 900" C. Thus, by carrying out the re-baking, 25 amount of
silanol group forned on the surface of fly ash 18 powder particles is
reduced, and kneading ability, noldability and fluidity becone good.
Accordingly, the action and effect obtained by carrying out re-baking under
the aforenentioned tenperature 5 condition can be considered as foll ows.
That is, it is considered that the groups having OH group (e.g., a silanol
group) are remarkably forned on the surface of particles of the fly ash

powder i nskhelaf oreaesdlodetiyasli Bgpstapivhi £Bthd8eSnd tHiGh ceecend rati on
aci di c aqueous solution of 15.0 10 nol/| or nore, and the wettability

beconmes paet pheritlgargshingtedeaiord fand dor ROWGRI1NCh and Eisdbd BPNPONent
to be mxed and forrmulated for obtaining a resin conposition are not

hydr ophi | E€1tASt@aBneKaRRhg, ukkke ofes FilWERORBIHLS 4D e prseshid material s
for sem conductor encapsul ation are epoxy 15 resin, phenol resin and the

like. Sineeiltbayisheokasheallike, hydicephehifagadieoneidedid) ty dScpoesr When
sinply washed with pure water, thus causing poor kneading. As a result,

theregs gepassihbhi hxtabdr adyehnaserl daliceriencand d ldddbisic sprddaty it
becones substantially difficult to use themas 20 nolding materials. Thus,

it is congbdpeed Ehyt abReasll adeler @LRMD a3S oF FraiHuiayi Ng OH group on the
fly ash powder surface is reduced by carrying out the aforenentioned re-

baki ng, aBddasmBAELeRoRD! dali thiy 1amd fayi B ity Obtained. In this
connection, surface treatnent with a special silane 25 coupling agent can be
consi dered for ﬁ@ﬂﬁyiﬂﬂ EﬁéaHQ&ing step which is carried out after
the aforementioned washing step that uses pure water, it is
10 necessary to remove water completely from the fly ash cake,
but the drying method is not particularly limited, and, for
example, a method in which the fly ash cake after solid-
liquid separation is dried and solidified in a high
temperature oven, a heat drying solidification method by a
15 spray dryer, and the like may be cited. In this
connection, when the fly ash is aggregated at the time of
drying, it is desirable to employ a suitably loosening
operation.
In addition, when an acidic aqueous solution of 15.0
20 mol/l or more is used in the aforementioned washing step
which uses an acidic aqueous solution, it is necessary to
re-bake the fly ash powder pulverized wvia the
aforementioned drying step, under a temperature condition

of from 500 to 900°C. Thus, by carrying out the re-baking,

25 amount of silanol group formed on the surface of fly ash
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group. However, since this is an expensive treating 19 nethod, the

| nexpensi ve and conveni ent re-baking treatnent is recomended fromthe
econom cal point of view The fly ash powder obtained in this nmanner can be
applied to the filling materials of various fields, such as 5 electrical
insulating materials, fillers of paints, materials for sem conductor
encapsul ation and the like. As an exanple, in the materials for

sem conductor encapsul ation, very expensive spherical fused silica is
frequent | yowged paobithesviewpedited, aalkd abdadingl Grillarwaet eri stics and
fluidity characteristics. However, since the fly ash powder of the present
I nvent i onméEdabhkxpgnahdefanddiphebeeame igbodan be used effectively as the
inorganic filler for the materials for sem conductor encapsulation. 15 As

an exanpl e of theceB®inglyhethtyaashopoudar egfetlte obpiaamed bynvention, the
inorganic filler for the materials for sem conductor encapsul ati on may be
cited as ggsseyihgdoutnréhBaihayeunBegattiend fiokremesh iyl tiilerdtuis used
in the same nanner as of the conventional inorganic fillers, 20 -and its

appl i cat i @naethed bsnnBé pahkiadkadl wsl iewiltiesks . Thenaesie  cawpas tion for
sem conduct or encapsul ation as an exanple of the application which uses the

fly ash gendedepédt BRapr eRengroapenha®inigsS OROgHAY | @UAr ) Ya ditddsed. For
exanple, it contains an epoxy resin, a phenol 25 resin, a hardening
accel er atgfoapyl adei PengaRbblli Fbehedndn ithegereifalde/ df gdreriorer afs powder
or in the formof tablet
the fly ash powder in the aforementioned washing step which
uses a high concentration acidic aqueous solution of 15.0
10 mol/l or more, and the wettability becomes poor when the
washing-treated fly ash powder and a resin component to be
mixed and formulated for obtaining a resin composition are
not hydrophilic. As an example, the resin components to be
used in materials for semiconductor encapsulation are epoxy
15 resin, phenol resin and the like. Since they are basically
hydrophobic, the wettability is poor when simply washed
with pure water, thus causing poor kneading. As a result,
there is a possibility of reducing moldability and fluidity
so that it becomes substantially difficult to use them as
20 molding materials. Thus, it is considered that the silanol
group as a group having OH group on the fly ash powder
surface is reduced by carrying out the aforementioned re-
baking, and superior moldability and fluidity are obtained.
In this connection, surface treatment with a special silane

25 coupling agent can be considered for removing silanol

group. However, since this is an expensive treating
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20 in which the f ornmer is nade into a tablet. A part or the entire portion
of the aforenentioned inorganic filler is replaced by the fly ash powder of
the present invention. The aforenentioned epoxy resin, phenol resin, 5

har deni ng accel erator and inorganic filler are not particularly limted,
and those which are conventionally used as the materials for sem conductor
encapsul ation are optionally used. In addition to the epoxy resin, phenol
resin, hardening accelerator and inorganic filler, a 10 conventionally known
flame retaednBl, @&hkl dfRxpeingridentandsosiddigryard-bak 19 ces8atgent, a

pi gnent or coloring agent, a silane coupling agent, a stress |owering agent
and the iki keceihehdaddifirone thgeRicoroai el gimnabt Wwiaslkded in  response to
the necessity. is The resin conposition for sem conductor encapsul ation

whi ch uses the tThy 83k pewdpbwdbrt BBtpAQSANEd REER iihedn cdie Y oduced, for
exanple, by a series of steps in which the aforenmentioned respective

conponent sppll €etokBUkhled id1d ngTmead raiRd 4 e vl toud Xeth Laser s@cheas ed
condi tion By 20 applying to a kneader such as a mxing roller or the liKke,

this is ceokedriealoamsh@FERanY WatcithNerE aul e igedpdines, conventional |y
known neans, and then this is made into tablets as occasi on denmands. The

encapsul ahheBrobhla For GemddenductcdMHcdpEulth tidn SAKd e EPORY . resd n
conposition is not particularly limted, and it can be carried out by a
conventi ongl byadbple, in the materials for semiconductor
encapsulation, very expensive spherical fused silica is
frequently used from the viewpoint of reliability

10 characteristics and fluidity characteristics. However,
since the fly ash powder of the present invention is
inexpensive and spherical, it can be used effectively as
the inorganic filler for the materials for semiconductor
encapsulation.

15 As an example of the use of the fly ash powder of the
present invention, the inorganic filler for the materials
for semiconductor encapsulation may be cited as described
in the above. Regarding its use embodiment, it is used in
the same manner as of the conventional inorganic fillers,

20 and its application method is not particularly limited.

The resin composition for semiconductor encapsulation
as an example of the application which uses the fly ash
powder of the present invention is not particularly
limited. For example, it contains an epoxy resin, a phenol

25 resin, a hardening accelerator and an inorganic filler and

is generally in the form of powder or in the form of tablet
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known nol di ng nmet hod such as a general transfer nolding or the like.
<Exanpl es> Next, Exanples are described together with conparative
exanpl es. As shown bel ow, various fly ash powders were produced. 10
Exanples 1 to 6 [Fly ash powder A] A5 kg portion of a fly ash powder
material (average particle dianmeter 2 ~tm was prepared, and this was baked
at a tenperature of 6000C for 8 hours. Subsequently, this was 15 m xed by

stirring for 24 hours in 50 kg of an acidic aqueous solution, i.e.
hydr ochl oinC wadicth atee ddermed Lits aradehavitg a ttambent r gt |mtofo:abtmé 1.0
nmol /1, and then solid- liquid separation was carried out al nost conpletely

by a pressatieef plotrérioh |dff atheorafapemeadn toindd el nakgani&ef{l Ye20iash on t he
filter was put into 50 kg of pure water of ordinary tenperature and m xed
by stirri mgpllacedbbyt the Aliynuisds pcanted eh tSod i pleds st disepatabhon t her eof
was effected al nost conpletely by the same pressure filter filtration
operation. Thi sThashfagenpatiabned kyoaft/direaiy 2pHearglermddiie, pure water was
repeated a total of 10 times, and then the sane washi ng operati on was
repeat®d aatdealinal aZzZzelleratees airl nophaddaraPpuf £l et eir®fn®OC. The t hus
obtained fly ash cake was dried and solidified in a drier of 120C for 24
hours, angatlepulhelggdriagaieels widk thuweouwghigh are conventionally
used as the materials for semiconductor encapsulation are
optionally used. In addition to the epoxy resin, phenol
resin, hardening accelerator and inorganic filler, a
10 conventionally known flame retardant, a flame retardant
assisting agent, a release agent, a pigment or coloring
agent, a silane coupling agent, a stress lowering agent and
the like other additive agents can be opticnally added in
response to the necessity.
15 The resin composition for semiconductor encapsulation
which uses the fly ash powder of the present invention can
be produced, for example, by a series of steps in which the
aforementioned respective components are formulated and
mixed and then melt-mixed under a heated condition by
20 applying to a kneader such as a mixing roller or the like,
this is cooled to room temperature and then pulverized by a
conventionally known means, and then this is made into
tablets as occasion demands.
The encapsulation of a semiconductor element using

25 such an epoxy resin composition is not particularly

limited, and it can be carried out by a conventionally
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| oosened to prepare the fly ash powder A of interest. 5 [Fly ash powder B] A
fly ash powder material having an average particle dianmeter of 5 pmwas
used. Except for this, a fly ash powler B was prepared in the same nmanner
as in the fly ash powder A 10 [Fly ash powder O A fly ash powder materi al
havi ng an average particle dianmeter of 25 pmwas used. Except for this, a
fly ash powder C was prepared in the sanme manner in the fly ash powder A.
15 [Fly ash powder D] A5 kg portion of a fly ash powder naterial (average

particl e ghewRtiR61diRE) mbBECAN eA2heds andehkirsInags ket aloldidgryer ature
of 600C for 8 hours. Subsequently, this was mxed by stirring for 24 hours
in 50 kg gheanirel di c 20 aqueous sol ution, concentrated hydrochloric acid
aqueous solution having a concentration of about 15.0 nol/l, and then
solid-liquid separation thereof was effected al nbst conpletely by a
pressure filter filtration operation. The cake-like fly ash on the filter
was put igkRamPl&g>of pure 25 water of ordinary tenperature and m xed by
stirring for about 30 mnutes, and then solid-liquid separation thereof 23

was efsfected alw@st, coxRhsletyaby dbeceapedpregeeherf klittdr filtration
operation. This washing operation by ordinary tenperature pure water was

repeat ed gohphahtolelBxhinp®ss. and then the sane washing operation was
repeated a total of
As shown below, various fly ash powders were

produced.

10 Examples 1 to 6
[Fly ash powder A]
A 5 kg portion of a fly ash powder material (average
particle diameter 2 pm) was prepared, and this was baked at
a temperature of 600°C for 8 hours. Subsequently, this was
15 mixed by stirring for 24 hours in 50 kg of an acidic
aqueous solution, i.e., hydrochloric acid aqueous solution
having a concentration of about 1.0 mol/l, and then solid-
liquid separation was carried out almost completely by a
pressure filter filtration operation. The cake-like fly
20 ash on the filter was put into 50 kg of pure water of
ordinary temperature and mixed by stirring for about 30
minutes, and then solid-liquid separation thereof was
effected almost completely by the same pressure filter
filtration operation. This washing operation by ordinary
25 temperature pure water was repeated a total of 10 times,

and then the same washing operation was repeated a total of

22



5 15 times using ultra-pure water of 90'C. The thus obtained fly ash cake
was dried and solidified in a drier of 120'C for 24 hours, and then the
aggregates were thoroughly |oosened to prepare a fly ash powder. Next, the
thus obtained fly ash powder was further baked at a tenperature 10 of 600*C
for 8 hours to prepare the fly ash powder D of interest. [Fly ash powder El
A fly ash powder nmaterial having an average particle dianmeter of 5 ~= was
used. Except for this, a fly ash 15 powler E was prepared in the same nmanner
as in thelfl yimels ysdwdemlpra-Fureasintponwdsf JOCA f Freathusowidrimeter i al
havi ng an average particle dianmeter of 25 ~= was used. Except for this, a
fly ash 26lgoadér cEksasrasr ebdrest and tdwel ighinfi evhnirera adriert @€ 129°Gish
powder D. Conparative Exanples 1 to 6 [Fly ash powder G 25 In the
pr epar at i 6rroR4t heuafsor emehtthemedhid yagmpteggpmwiorefs; tihereoeghiki ng treat nent
at a tenperature of 6000C 24 for 8 hours was not carried out. Except for
this, a flposeskdpdedpreBaress biree Fdred s ndwlesarke olmmetengstn the fly ash
powder D. [Fly ash powder H 5 In the preparation of the aforenentioned fly
ash powdéFlE, asheposrdeakiBig treatnent at a tenperature of 600C
A fly ash powder material having an average particle
diameter of 5 uym was used. Except for this, a fly ash
powder B was prepared in the same manner as in the fly ash
powder A.
10 [Fly ash powder C]
A fly ash powder material having an average particle
diameter of 25 pm was used. Except for this, a fly ash
powder C was prepared in the same manner as in the fly ash
powder A.
15 [Fly ash powder D]
A 5 kg portion of a fly ash powder material (average
particle diameter 2 pm) was prepared, and this was baked at
a temperature of 600°C for 8 hours. Subsequently, this was
mixed by stirring for 24 hours in 50 kg of an acidic
20 aqueous solution, concentrated hydrochloric acid aqueous
solution having a concentration of about 15.0 mol/l, and
then solid-liquid separation thereof was effected almost
completely by a pressure filter filtration operation. The
cake-like fly ash on the filter was put into 50 kg of pure

25 water of ordinary temperature and mixed by stirring for

about 30 minutes, and then solid-liquid separation thereof
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for 8 hours was not carried out. Except for this, a fly ash powler H was
prepared in the sanme manner as in the fly ash powder E. 10 [Fly ash powder
] I'n the preparation of the aforenmentioned fly ash powder F, the re-baking
treatment at a tenperature of 600C for 8 hours was not carried out. Except
for this, a fly ash powder | was prepared in the same manner as in the fly
15 ash powder F. [Fly ash powder J] A5 kg portion of a fly ash powder
material (average particle dianeter 2 pn) was prepared, and this was baked
at a tenpasabtffecebdbQfnob®r cOmMpAte 10 Uif & &and Iprasdurd poeler J. [Fly
ash powder K] A fly ash powder material having an average particle dianeter
of 5 pm waslusediohxeppratabnt.hiBhia Fhyhaflg opewdehiol BWysS guddpagd in the

same nmanner as in the fly ash 25 powder J. 25 [Fly ash powder L] A fly ash
powder matempakabavenguss aueeageaparicpelatedliaamRiterl &£ 200 neiwss psed.
Except for this, a fly ash powder L was prepared in the sane manner as in
the fly ashd thpawdRe damEr adebingh opleatich eaah r¥dpdded hustobdnided fly
ash powders Ato L are shown in Table 1 which is described Ilater, and
el ectrg ¢ gondifabsViukyngl uldkarpaxer atlitd oFa®@0°C. The thus obtained
fly ash cake was dried and solidified in a drier of 120°C
for 24 hours, and then the aggregates were thoroughly
loosened to prepare a fly ash powder. Next, the thus
obtained fly ash powder was further baked at a temperature
10 of 600°C for 8 hours to prepare the fly ash powder D of
interest.
[Fly ash powder E]
A fly ash powder material having an average particle
diameter of 5 uym was used. Except for this, a fly ash
15 powder E was prepared in the same manner as in the fly ash
powder D.
[Fly ash powder F]
A fly ash powder material having an average particle
diameter of 25 um was used. Except for this, a fly ash

20 powder F was prepared in the same manner as in the fly ash

powder D.

Comparative Examples 1 to 6
[Fly ash powder G]
25 In the preparation of the aforementioned fly ash

powder D, the re-baking treatment at a temperature of 600°C
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of the aforenentioned fly ash powders Ato L was neasured 10 in the
follow ng manner. That is, 5.0 g of each of the aforenentioned fly ash
powders was put into a pressure container and soaked in 50 ml of ultra-pure
water (electric conductivity, 1 pS/cmor |less) at 160C for 24 hours to
obtain a water extract. Thereafter, electric conductivity 15 of this water
extract was neasured using an electric conductivity neter (nfd. by Hori ba,
Type DS-15, cell constant 0.1). The results are shown in the foll ow ng
Tabl e 2. farag8dhbues, waat nototatrird esi lcantnl Broeptcdptrerthiisn a2&Elgach of the
af orenentioned fly ash powders Ato F was neasured in accordance with the
af or enent ashedowsidkanGl wagr puppasedein rtid ¢Gameasnarinegyr net hod. tHdef Iesul ts
are also shown in the following Table 2. 26 Table | Acid washing treatnent
byRe- |st&€R pgwdemsDsol uti onbaki ng Washi ngtreat- baking treatnentl1.0
nol /115. 0 nol /| treat nent ment HClby pureof of 600, C xconcentrat xHCL
concen- waf{EL$088E Bohdetr #fi on onx 8 hrs Fly ash
5 In the preparation of the aforementioned fly ash
powder E, the re-baking treatment at a temperature of 600°C
for 8 hours was not carried out. Except for this, a fly
ash powder H was prepared in the same manner as in the fly
ash powder E.
10 [Fly ash powder I]
In the preparation of the aforementioned fly ash
powder F, the re-baking treatment at a temperature of 600°C
for 8 hours was not carried out. Except for this, a fly
ash powder I was prepared in the same manner as in the fly
15 ash powder F.
[Fly ash powder J]
A 5 kg portion of a fly ash powder material (average
particle diameter 2 um) was prepared, and this was baked at
a temperature of 600°C for 8 hours to prepare a fly ash
20 powder J.
[Fly ash powder K]
A fly ash powder material having an average particle
diameter of 5 um was used. Except for this, a fly ash

powder K was prepared in the same manner as in the fly ash

25 powder J.
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YesYesYes powder A Fly ash YesYesYes powder B Fly ash YesYesYes powder C Fly
ash Yes-YesYesYes powder D Fly ash Yes-YesYesYes powder E Fly ash

Yes- YesYesYes powder F Fly ash powder GYes-YesYes Fly ash Yes-YesYes Dowder
H Fly ash Yes-YesYes powder | Fly ash powder JYes- Fly ash

[Fly ash powder L]

A fly ash powder material having an average particle
diameter of 25 pum was used. Except for this, a fly ash
powder L was prepared in the same manner as in the fly ash

5 powder J.

Production steps of each of the thus obtained fly ash
powders A to L are shown in Table 1 which is described
later, and electric conductivity of water extract in each
of the aforementioned fly ash powders A to L‘was measured

10 in the following manner. That is, 5.0 g of each of the
aforementioned fly ash powders was put into a pressure
container and soaked in 50 ml of ultra-pure water (electric
conductivity, 1 uS/cm or less) at 160°C for 24 hours to
obtain a water extract. Thereafter, electric conductivity

15 of this water extract was measured using an electric
conductivity meter (mfd. by Horiba, Type DS-15, cell
constant 0.1). The results are shown in the following
Table 2.

In addition, ratio of the silanol group content in

20 each of the aforementioned fly ash powders A to F was
measured in accordance with the aforementioned silanol
group content ratio measuring method. The results are also

shown in the following Table 2.
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Yes- powder K Fly ash Yes- powder
particl econductivitysilanol group dianeter
ash2450. 080 powder A Fly ash5360. 080 powder
ash2500. 035 powder D Fly ash5470. 035 powder
ash2480. 190 powder G Fl'y ash5370. 190 powder

(pun) (S/cmcontent (-) Fly
B Fly ash25150. 080 powder
E Fly ash25310. 035 powder
H Fly ash 25200. 190

Table 1
Acid washing treatment by Re-
1st HCl aqueous solution baking
. Washing treat- |
baking 0 mol/1 treatment | ment
treatment 1.0 mol/ 15.0 mol/l reatmen m
HC1l by pure of
of 600°C x . HC1l concen-
concentrati . water 600°C
8 hrs tration
on x 8
hrs
Fly ash Yes Yes - Yes -
powder A
Fly ash Yes Yes - Yes -
powder B
F1
y ash Yes Yes - Yes -
powder C
Fly ash Yes - Yes Yes Yes
powder D
Fly ash Yes - Yes Yes Yes
powder E
Fly ash Yes - Yes Yes Yes
powder F
Fly ash Yes - Yes Yes -
powder G
Fly ash Yes - Yes Yes -
powder H
Fly ash Yes - Yes Yes -
powder I
Fly ash
powder J Yes
Fly ash Yes _ _ _ _
powder K
Fly ash Yes _ _ _ _
powder L

27
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powder | Fly ash257000. 030 powder J Fly ash553000. 030 powder K Fly ash
2554200. 030 powder L As is evident fromthe above Table 2, the electric
conductivity of water extracts of the fly ash powders J to 5 L obtained by
the initial baking treatnent alone showed an extrenely high value of from
5420 to 5700 S/cm while the electric conductivity of water extracts of the
fly ash powders Ato F obtained via the production steps of the present

i nvention showed a | ower value of 50 S/cm showing 10 that the ionic

i mpuriti egaviee2r educed by the series of washing steps. In addition,

regarding the ratig of therdhsilanodl gramecorient, therpalibocef thae
sil anol @roup contjent grggglgly ash RIEE St =1 €y | Wﬂ%} gﬁﬁi #gg tled to
the washiing step of ing 15.0 of cgngentrated hydra r cijd
qian?’et KT sz sit

aqueous $ol ution bl Uuu_, ebtdd to-the I)\Qlu ng vﬁ_gen‘l__v\g_s_g_lgo
show ng hF@;H F‘é§| dual rati@ of siljanol groups while t ne ratg ogd silgnol
group wasPoregfic@d lto 0.10 or less,| or from0.035 to 0/080, in the fly ash
powders AFily Esdbt di ned by & he production stgps of the preqpqhugnvention
10 Next, |poweetr ®Bas| carried out on {t he change of state )

Fly ash

powder C 25 15 0.080

Fly ash

powder D 2 50 0.035

Fly ash

powder E 5 47 0.035

Fly ash 25 31 0.035

powder F

Fly ash

powder G 2 48 0.190

Fly ash

powder H 5 37 0.190

Fly ash 25 20 0.190

powder I

Fly ash 2 5700 0.030

powder J

Fly ash

powder K 5 5300 0.030

Fly ash 25 5420 0.030

powder L

As is evident from the above Table 2, the electric

conductivity of water extracts of the fly ash powders J to
5 L obtained by the initial baking treatment alone showed an

extremely high value of from 5420 to 5700 pS/cm, while the

electric conductivity of water extracts of the fly ash

powders A to F obtained via the production steps of the

present invention showed a lower value of 50 pS/cm, showing
10 that the ionic impurities were reduced by the series of

washing steps. In addition, regarding the ratio of the
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of dispersibility due to difference in wettability between a |iquid epoxy
resin (EP-827, nfd. by YUKA SHELL) and each of the aforenentioned fly ash
powders A to L. Regarding the test nethod, 5.0 g of the liquid epoxy resin
(EP-827) 15 and 10.0 g of each fly ash powder were put into a beaker, Kkept
at 170C while heating, and sinply stirred and mxed for 5 mnutes using a
glass rod. State of the mxed slurry thereafter was observed with the naked
eye and evaluated. The results are shown in the follow ng Table 3. 20 29
Table 3 Wiltaholi dyoepaktoatear,okhEPr8&21cand aheh spdwiherl Krmaghpowder A0
Fl yashpowder BO Fl yashpowder G0 Fl yashpowder DOO Fl yashpowder EQO
Fl yashpowtlet €80t Fb§ ashpofiller &XhFpypadkpewde tidX IFwha sihp ewade rsub Fdrasdpowder JOO
Fl yashpowder KOO FlI yashpowder LOO 00: The powder is uniformy dispersed in
EP- 827 antb belt®omesshangl esep efeaminfolf.0 mol/l of concentrated
hydrochloric acid aqueous solution but not subjected to the
5 re-baking treatment was 0.190 showing high residual ratio
of silanol group, while the ratio of silanol group was
reduced to 0.10 or less, or from 0.035 to 0.080, in the fly
ash powders A to F obtained by the production steps of the
present invention.
10 Next, a test was carried out on the change of state
of dispersibility due to difference in wettability between
a liquid epoxy resin (EP-827, mfd. by YUKA SHELL) and each
of the aforementioned fly ash powders A to L. Regarding
the test method, 5.0 g of the liquid epoxy resin (EP-827)
15 and 10.0 g of each fly ash powder were put into a beaker,
kept at 170°C while heating, and simply stirred and mixed
for 5 minutes using a glass rod. State of the mixed slurry
thereafter was observed with the naked eye and evaluated.

The results are shown in the following Table 3.

20
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5 0: The powder is alnost uniformy dispersed in EP-827, to such a degree
that some granul ated parts are observed. X The powder is not uniformy

di spersed in EP-827, but 10 aggregates and becones gl ossl ess particles. As
is evident fromthe above Table 3, in the case of the sanples in which each
of the fly ash powders Gto | having high ratio of the silanol group
content was mxed 15 with the liquid epoxy resin (EP-827) and stirred, the
fly ash powder was not unifornmy di spersed, but the powder particles
becanme anTapgeegated state and became gl ossless particles. Contrary to
this, infthe case of the Ty ashtRAEl S Aod fabyh NG LBLEAGT QT The

si | anol group 20 content, or| identical to thosg wh|%h substantially do not
I I’\Q n\Arlnr narj' I faYal ATV a¥dlal III’\I 'F nre% I QV‘ C‘Q!“I Qn I‘I I’\

I. LILA Y2 UV\IUL/I ul C I \ll CJ VVCT O aTi T or T y \C L} \J A" | LYA~AvEen) |

gl ossy cf EAHVaEBrRPWHPraan t uniformy dispers€d to such a deoree t hat
sone gra1Elgtadhppph§eweBe observed. Thus, it i® clear fromthe results of
the 5 afapggegghogquggbte 2 anq.TabIe 3 that mebpablllty for the epoxy

avi ng. ARESFeREn EoRASELLE Ity of 5o 6 cm o025 and. w hreduced s | anol
gr oup, th&H_ﬁéPePOHﬁGEU@éd by enpl oying a bakidg)step a_washing step using
10 an ac| Hig aqhepuwdsmlﬁtlon and a washing step@sing pure water as|the

basi c st epsy gghtgb&dggnaﬁctlon, in the case ofxthe fly ash powders J to L

since thge 19 aghpigg%rgg Vi X

Fly ash powder I X
Fly ash powder J 00
Fly ash powdexr K 00
Fly ash powder L 00

00: The powder is uniformly dispersed in EP-827 and becomes
a glossy creamy form.

O: The powder is almost uniformly dispersed in EP-827, to
such a degree that some granulated parts are observed.

X: The powder is not uniformly dispersed in EP-827, but
10 aggregates and becomes glossless particles.

As is evident from the above Table 3, in the case of

the samples in which each of the fly ash powders G to I
having high ratio of the silanol group content was mixed

15 with the liquid epoxy resin (EP-827) and stirred, the fly
ash powder was not uniformly dispersed, but the powder
particles became an aggregated state and became glossless
particles. Contrary to this, in the case of the fly ash
powders A to F having low ratio of the silanol group

>20 content, or identical to those which substantially do not

contain it, the powder particles were uniformly dispersed
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only the aforenentioned initial baking treatnment, the silanol group is
smal |, the powders are uniformy dispersed 15 and their wettability is
good, but since they contain ionic inpurities in |large anmounts, the
el ectric conductivity is extrenmely large so that it is evident that they
are unfit for the applications for which high reliability is required in
the electric, electronic and the like fields. 20 Next, epoxy resin
conpositions for sem conductor encapsul ation were prepared as materials for
sem conduztdrbeemsapsughvssn, cueany fhemaf oremdnmbisenachifflogmdgh powders A to
F. Regardi ng bl endi ng conponents of the aforenentioned 25 epoxy resin
conposi t i dispedHOdweo ghtichaat degreebéhrnéf epmedgtranad atgal tPardter evexaf t er) of
a cresol novol ak epoxy resin, 31 15 parts of a brom nated epoxy resin, 58
parts of cbpéeved. novol ak resin, 2 parts of a hardening accelerator (1, 8-
di azabi cycl o[ 5, 4, O] undecene-7), 2 parts of carbon black, 1 part of a silane
coupling agent ,Taparits D¢ cheamuboomakhé aasuBOS pértbein each of the fly
ash powders Ato F were used. These respective conponents were fornul at ed
and el takoeadentioned Tabliee? asidnfablei 38i whatowedtabitlamye riainirtthel 00C) .
Next, this nelted products were cooled and then pulverized to obtain 6
ki nds of epexy resin #8scimposivedoasdf dispemsdbidutyomwasndapedvadd am
Thereafter, a sem conductor elenment was nounted on a 16 pin dual inline
package (Estamphe BpPddhetd hamimgt anceleygtrdot condachkdwditygoff & n-fill ed by
transfer nol di ng using

uS/cm or less and with reduced silanol group, which were

produced by employing a baking step, a washing step u;ing
10 an acidic aqueous solution and a washing step using pure

water as the basic steps. In this connection, in the case

of the fly ash powders J to L, since they were prepared via

he aforementioned initial baking treatment, the

only t
silanol group is small, the powders are uniformly dispersed

15 and their wettability is good, but since they contain ionie
impurities in large amounts, the electric conductivity is
extremely large so that it is evident that they are unfit
for the applications for which high reliability is required
in the electric, electronic and the like fields.

20 Next, epoxy resin compositions for semiconductor
encapsulation were prepared as materials for semiconductor
encapsulation, using the aforementioned fly ash powders A
to F.

Regarding blending components of the aforementioned

25 epoxy resin compositions, 100 weight parts (to be referred

to as “part” hereinafter) of a cresol novolak epoxy resin,

31



each of the aforenentioned epoxy resin conpositions, 15 hardened under a
condition of 175C x 120 seconds, and subjected to a post-curing of 175C x 5
hours, thereby producing respective sem conductor devices. The

sem conduct or devices produced in this manner by resin-filling with the
epoxy resin conpositions for 20 sem conduct or encapsul ati on, prepared using
the aforenentioned fly ash powders Ato F instead of the fused spherical
silica powder as a conventional inorganic filler, showed no problens in

usi ng theps Bareknd@sar babmAppliedakplobyy reAinjes® idaattd noft he grgmwgoi ng, the
present invention is a fly ash powder in which the electric conductivity of
wat er exthaeblakt eessfnakkngatrisgodf at hardeniagh aeaederrdtod (OOB-+1 of pure
wat er at 200C for 6 hours is 200 ~tS/cmor less, and it contains

subst anti ail hyanfcgthansl 4godupdecBaeadse af phkits, ofetdaathdd thaadkthi s powder
with a resin conposition beconmes proper, and as a result, noldability and
fluidity paeaenmefescelilant. cbipaddigt agentsushparitdsy ofs kakbhfimyvklesax s produced
by baking a fly ash powder naterial at a tenperature of from500 to 900' C
and tken ¥pahBog phetsafar egent o@netefl tdyaskhppesidermtzerialF afdes baki ng
using an acidic aqueous solution, having a specified acid concentration,
subsequentt¥dWwasSihdge Use $ife Pt € WBbBpon8hts woréhebrfluYaedanadpul veri zi ng
it. Alternatively, when the aforenentioned aci di c aqueous sol ution having a
hi gh aci Omelt-kneaded for 3 minutes using a mixing roller

(temperature 100°C). Next, this melted products were
cooled and then pulverized to obtain 6 kinds of epoxy resin

10 compositions for semiconductor encapsulation.

Thereafter, a semiconductor element was mounted on a
16 pin dual inline package (16 pin DIP) lead frame to carry
out wire bonding, resin-filled by transfer molding using
each of the aforementioned epoxy resin compositions,

15 hardened under a condition of 175°C x 120 seconds, and
subjected to a post-curing of 175°C x 5 hours, thereby
producing respective semiconductor devices.

The semiconductor devices produced in this manner by
resin-filling with the epoxy resin compositions for

20 semiconductor encapsulation, prepared using the
aforementioned fly ash powders A to F instead of the fused
spherical silica powder as a conventional inorganic filler,

showed no problems in using them.
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concentration is used, this is produced by further re- baking at a
tenperature of from500 to 900' C after the aforenentioned drying and

pul veri zation. By such a 20 production nmethod, the aforenmentioned fly ash
powder from which ionic inmpurities are renoved to a considerably | ow
cont ai ni ng anount and which contains substantially no silanol group is
obt ai ned, and, for exanple, |ow cost products having characteristics
simlar to those of the 25 inorganic fillers (e.g., spherical fused silica
and the kizkehstaidale aphptldicaed 1id3y>Accordingly, the fly ash powder of the
present invention is useful, for exanple, as electrical insulating
materials, fillBReSdeeerpbedt & nantendoaiigalingf,0rthes giiechicimrention
encapsul ation. Particularly, when used as 5 materials for sem conductor
encapsul aiiison, fik astapoweerddsi mililah Used dedctKitbddndiiet{et ty hef
conventionally used expensive spherical fused silica in view of the
reliabili witedndxftrdict b tex0 sdadinedictd @ afhe GBly Cadh bsowaati zed. Thus,
the resin conposition for sem conductor 10 encapsul ati on which conpri ses t he

fly ash poodemlobsft pRrepwasent ath\e@iti @6ras hbarisnaksgaioc S/ Adrelod S
excellent in noldability and fluidity, and sem conductor devices resin-
filled theeew,t Anditc koata ieGUisud stin ik T1IRe OB nshagroweuUNnt erpart s,
can be obtained. 15 Wiile the invention has been describe in detail and
W th ref epega@sieo oEpatiifsi,C wardathiiTas dhadhkiof pdvdedt Wi a resin
composition becomes proper, and as a result, moldability
and fluidity become excellent. In addition, such a fly ash
10 powder is produced by baking a fly ash powder material at a
temperature of from 500 to 900°C, and then washing the
aforementioned fly ash powder material after baking using
an acidic acqueous solution having a specified acid
concentration, subsequently washing using pure water, and
15 then drying and pulverizing it. Alternatively, when the
aforementioned acidic aqueous solution having a high acid
concentration is used, this is produced by further re-
baking at a temperature of from 500 to 900°C after the
aforementioned drying and pulverization. By such a
20 production method, the aforementioned fly ash powder from
which ionic impurities are removed to a considerably low
containing amount and which contains substantially no
silanol group is obtained, and, for example, low cost
products having characteristics similar to those of the

25 inorganic fillers (e.g., spherical fused silica and the

like) can be obtained.

33



apparent to one skilled in the art that various changes and nodifications
can be nmade therein wi thout departing from20 the spirit and scope of the
invention. This application is based on a Japanese patent application filed
on May 8, 2003 (Japanese Patent Application No. 2003-130367), the entire
contents thereof Dbeing thereby incorporated by reference. 25 34 Claiml1l. A
fly ash powder containing substantially no silanol group, wherein the

el ectric conductivity of water 5 extract after soaking of 10 g of the fly

ash powder in J;Q@comiﬁ%f, PURE $@yCasAl peldErf BF @hbOpiesent200 ~LS/cm or
| ess. 2. The fly ash powder according to claim1, wherein 10 the electric

conducti vih¥eRtibheiBuhge¥RlCr £bs Exakpiem Ak &1@%tridalA Ml £0f
producing a fly ash powder, which is a nethod for producing the fly ash

powder ofngtabiuisor£21142sWabehpaonRsl 888 atleel 2afs )M Ng a fly ash powder
material at a tenperature of from500 to 900'C, a step of washing the fly

ash powdegefiBt&hiabt8tt 8hchpkindtishng ﬁQr@QEQier?guﬁHHﬁ aQkdt a@n having an
acid concentration of 1.0 nol/l or less, a step of subsequently washing the

sane WS Ngafe2PaPUr fo¥atehi c8RdudtdteRnehpdhiiatd and gidly &dZidy the sane.
4- A method for producing a fly ash powder, which is a method for producing

the fly agbsppydey @fell 8kMals@bs@itute for the conventionally used

expensive spherical fused silica in view of the reliability
and fluidity, so that reduction of cost can be realized.

Thus, the resin composition for semiconductor

10 encapsulation which comprises the fly ash powder of the
present invention as its inorganic filler is excellent in
moldability and fluidity, and semiconductor devices resin-
filled therewith, which are equivalent to the conventional
counterparts, can be obtained.

15

While the invention has been describe in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from

20 the spirit and scope of the invention.

This application is based on a Japanese patent
application filed on May 8, 2003 (Japanese Patent
Application No. 2003-130367), the entire contents thereof
being thereby incorporated by reference.

25
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whi ch conprises a step of baking a fly ash powder material 25 at a

tenperature of from500 to 900'C, a step of washing

mat eri al

same using a pure water,

the fly ash powder
after baki ng using an acidic 35 aqueous sol ution having an acid
concentration of 15.0 nol/l or less, a step of subsequently washing the

a step of drying and pul verizing the sane, and a

step of again baking the sane at a tenperature of from5 500 to 900C. 5. The

met hod for producing a fly ash powder of
step using a pure water

claim3 or 4, wherein said washing
conpri ses repeaied steps of water washing with a

pure water 10 having an electric conductivity of 1 S/cmor less at from O

to 100C,

filtration and drying. 6. A resin conposition for sem conductor

encapsul ation, which conprises a resin, and the fly ash 15 powder according
to claiml or 21as AnFiposgrnpéwdét | €6ntdinThg EBBkRaG@TRIIKt hen for

sem conduct or

vei ghts of ekReagaNa¢ tefd IsbRkSingB o fA 1961 GENHE o1V 1¢ o SUF | Sh NP0 @
sem conductor 25 el ement having been encapsulated with the resin

conposi tign £er aseiireORdiHelOlh tePORPS Bbat EOR-aTeOdi POt syl B or 7. 36

10

15

20

25

less.

2. The fly ash powder according to claim 1, wherein
the electric conductivity of the pure water is 1 puS/cm or

less.

3. A method for producing a fly ash powder, which is
a method for producing the fly ash powder of claim 1 or 2,
which comprises a step of baking a fly ash powder material
at a temperature of from 500 to 900°C, a step of washing
the fly ash powder material after baking using an acidic
aqueous solution having an acid concentration of 1.0 mol/l
or less, a step of subsequently washing the same using a

pure water, and a step of drying and pulverizing the same.

4. A method for producing a fly ash powder, which is
a method for producing the fly ash powder of claim 1 or 2,
which comprises a step of baking a fly ash powder material
at a temperature of from 500 to 900°C, a step of washing

the fly ash powder material after baking using an acidic

35

encapsul ati on according to claim6, wherein ratio of the

ash powdek;i2aabRY gheulp) 0GR rf itHeLled ddtAite ddisdie 20y COFNOSi Fhedrf or
sem conductor encapsulation is from10 to

fly
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aqueous solution having an acid concentration of 15.0 mol/l
or less, a step of subsequently washing the same using a
pure water, a step of drying and pulverizing the same, and
a step of again baking the same at a temperature of from

500 to 900°C.

5. The method for producing a fly ash powder of
claim 3 or 4, wherein said washing step using a pure water
comprises repeated steps of water washing with a pure water
having an electric conductivity of 1 puS/cm or less at from
0 to 100°C, filtration and drying.

6. A resin composition for semiconductor
encapsulation, which comprises a resin, and the fly ash

powder according to claim 1 or 2 as an inorganic filler.

7. The resin composition for semiconductor
encapsulation according to claim 6, wherein ratio of the
fly ash powder occupying inorganic fillers in the resin
composition for semiconductor encapsulation is from 10 to
100% by weight based on the total weight of inorganic

fillers.

8. A semiconductor device comprising a semiconductor
element having been encapsulated with the resin composition

for semiconductor encapsulation according to claim 6 or 7.
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