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BACKGROUND OF THE | NVENTI ON Field of the Invention. The present iHg%nt ih
relates to high-purity'spherical silica and a process for producing such
silica. The high-purity spherical si]ica according to the present invention

has excellent surface snoothness and"high sphericity and finds particularly

advant ageous use as a filler in resin conpositions for encapsul ati ng
advanced integrated . circuits_ and associ ated el ectronic parts. Hereinafter
the resin conposi t iorl WHEH ¢ CIREERI Q) E|$imicfﬂﬁxﬁ65§6é£§@tpoas '
encapsul ating materi al s. Descn|ﬁ|55b c¢$§’£§m9te' he
advancenent ok ﬁh@tﬁg{ a,tged,,_'g_l reul ts u

- s avd e ub - ke

Xcallar LrIzcs smcothnass and nign
SPnSXiciiy and Zinds parciculax: c g a )
e Y Falolu.ar.y advantacesus uUsa

2y byd CLUs Us 2
fillar in ragin /A 3 = = d -
— b he s v - - - — -~
=SS~ Compesilicns for ancan tiating advancad
- -— - - —t e

Wit= =i opa
-—aa maaS an;r‘ceme—._ O: K "‘ac*‘atarz C., —
= = -

. -
o inz 1123, The
e —— - s o
..... ~&.20 CI In2 Zhiz inm walz—iaa - = N
13 L za2lactia- I0 I3 2ncapsulating

. e ing

mazaxi p LI.Crass! 3
=Y B =9 = lLJ2ASLOC ANnG SFa L almac o S =
S -2 Talckness of caccaces is
. - -t
cecrsasing Alsc, &
sasin A=3C, Qgnand is risinsg o
& 15 Tlsing Ior higher cualit-,
Ve - i T S - -
SRCATSULAILING natarsi e ="
z S S<-&.LS SO zTIat the chios Ll
~Lal I chlios can ze wel
oYyorac=asd muy 5 el =
F-SLSCc-Ss DY 2 tiln-secticn of such a matarial
: tarial
[aad}
-a
e encap n - 3 bt
I sulating macerlal is racguirad to ze
ragliscante - b )
2 szan to [ . by
Jexmal ~8SS slnce thermal stress i built
i i1

1 2 thermal expansion coefficiant
hf v s > .

scetween the silicon chip and the encapsulating material In

Ao L % 1 - - o -
order to bring the thermal éxpansion coefficient of the
encapsulatir i

psu.ating material as close as possible to that of the

ilico hir i i
S$iilcon chip, a method is ennloved in which silica with a
nt is added to resin as
r at the hlghest EOssible filling rate

i

-
[
M

Hitherto, ground silica having
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areal. ratio of the chip in relati-on to'1ts éncapsul at

I ncreasing and the thickness of packages is decreasing. Also,
hi gher quality encapsulating materials so that the chips can be
The encapsul ati ng
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occurrence of soft errors in advanced integrated circuits
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However, the encapsul ating material whenifilled with such ground silica to
a high filling rate is increased in viscosity and therefore deteriorated in
fluidity at the tine -2- of molding, making it difficult to obtain a
honbgeneous package having the desired properties. Also, the ground silica
particles having sharp edges tend_tg cause early wear of the nolding die
and may break through the surface protective filmof the chip to danage
alumniumw ring on the chip. In view of the above, there is a demand in
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matarials Lo scme extant as compared with the use of ground
silica having sharp edges. This is true evan when the
£illing rate of Ziller in the encapsulating materials is
nigh. However, such improvement in encapsulating material
fluidity as thers is not so remarkable. Accordingly,
spherical silica having high sphericity and excellent
surface smcothness and suited for use as a filler for
encapsulating materials has been a want in the industry.
SUMMARY OF THE INVENTION

An object of the present invention is to provide
nigh-purity spherical silica suited for use as a filler for

encapsulating materials of electronic parts, which silica,
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change of silica i nto hydfophobfé

pe, strength of calcined silica

m ni m se occurrence of
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The partlcles obtalned accordlng to the nethod.(I S

‘l'ow in sphericity

and ineffective for inproving fluidity. According to the nethod (2), the
silica particles produced from atomi zation vary in size depending on the
condition of the sol solution, and it is difficult to obtain the spherical
silica particles falling in the desirsed-size range. The spherical silica

particles obtained according to the nmethod (2) or

(3) shrink greatly when

cal cined, formng particles wth poor surface snoothness or surface

unevenness.
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matt er:
spheri cal

deri-ved from the Staﬁtihgwna arial .

silica has prevented lowering of the fluidity of encapsulating

The “use of*€onventi onal

materials to sone extent as conpared with the use of ground silica having

in the

shar p edges.

This is true even when the filling rate of filler

Howewver

such i nprovenent

I n encapsul ati ng

encapsul ating materials is high.
material fluidity as there is not so renmarkable. Accordingly, spherical

silica having high sphericity and excellent surface snpoot hness and suited
for use as agtiklker stoe-engapsul-at, -ng-naterlals has been a want in the
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- 4 -:even‘when bl ended in a resin for: encapsul atlng to a filling rate of
60-90 Wt % based on the resin, will not cause substantial |owering of
fluidity of the encapsulating nmaterial, and in which the content of

radi oactive and ionic inpurities is significantly low It is further an

obj ect of the invention to provide_agprocess for producing such spheri cal
silica. The present inventors have pursued studies for overcom ng the prior
art problens such as nentioned above and, surprisingly, have found that by
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The encapsulating matarial produced bv
ca of this invention as £

ity for molding.

The process for producing high-purity spherical

silica according to the prasent iavencion comprises the

following three sceps

Step 1: Preparation of spherical silica gel parxticles.

An emulsion containing an agueous alkali sili
solution and an emulsion containing an aguecus mineral acid
solution are brought into contact with each other to produce
porous spherical silica gel particles.
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with a mneral acid to obtain
obtained silica to a heat treatnent,
and surface snoot hness of spheri cal

5hjarbuéhspheri¢ar7si]fca and subjecting the

it is possible to control sphericity
silica and to obtain high-purity

spheri cal si
Accordi ngly,
hi gh-purity,

lica suited for use as a filler in encapsulating materi al s.
the present invention provides a process for producing
spherical silica, which conprises mxing an enul sion

silicate solution with an enul sion conpri sing

conpri sing an aqueous al kal

an aqueous mneral acid solution to produce a silica gel

conpri sing
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- i Viebhaiel A=l o L b ~
=== -r=ICUS sgnerical silica Tarziclas ggoozined
~ P S P At e R a2 !
T arm 9 ~m Y Nl . 3 - = o
SLSP <4 are ca.lined o afford mhe orelarrad procer-ias
< | oreiarrad Toxogercia S
I, =1 - fote)
sceciiie @ In tha prasans lnvanticn 2o the mavesd
~Cn o the zarticlas
r—ﬂ_,: a‘,\
~-.2 alCve sfeps gra 1317 i
S a8 L..uscratad mcre par-igcularls
. sarzicularly
(=3 DAy o s = '
(= FISfaratlcn of scherical silica gel cgarzislas
{Stap ) ) -
o = :
b FI8faraticn ¢f smulziars
- A e - D
T =l ~ - -~ =
=-- =88 Pricess o thisg invan-ian an 2mulsic
aVanTo o, «. SRUSLCn
lotelshel- Bibohibelodir = : N N b
ccocrnzainin € 21 aguecus alxall silisa-a soluticn ané an
e A Zicn ané an
STMULSISn CCntaining anm semismrne -
S &% aguacus minsral acid selucisr awa
Trazaxad, An oacs S ac=""+ : 3 i
P =t RERSCUS a_kz2li siliczzs selusicg and a
- o - - -
aguecus minaral acid golie-s
>y 2~ acid scluczion ara Separataly dispersed, in
22 Iorm cf fins pars=iel : ) i )
o) S-S Parcicles as disperss phass, in rasgeczivy
~ iR - -—- - St e Nt e
Licuids seri XK=arn ; .
a *ig as sxternal phase, which ars immiscibla with
the above-mentciored : i N
1tioned agqueous solutions, =c prepar wataer-in-
i1 s . ; i ) T
oil {W/0) type emulsions.
An agque 1! I sili
) fUS0uUs alkali silicate solution, a liquid for
Iorming extaxnal pha , o
Sezmldlal n i S<r1 i
: 1 pnase and an emulsiZying agent are mixad
anca amulsifiad by i ; £
ifled by using an emulsifier or other approoriate
-~ - - ey
means to pravara Y : )
pI2npars a W/0 type emulsion containing an agqueous
Ty 3 B N
aikali sgilicate solution
Similar) i
Miiar.ly., an aquecus mineral acid solution, a
lution,

liguid for forming exte

ara mixed and emulsified to pre
containing an aqueous mi

The alkali si1

rnal phase and an emulsifyving agent

pare a W/O type esmulsion
neral acid solution.

-~

lcatas usable hers iaclude sodium
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particles as a di sperse phase and in which the aqiieous mineral acid
solution is provided in the formof a water-in- oil (WO type emnulsion,

t he agueous mneral acid solution being dispersed in the formof fine
particles as di sperse phase. The invention further provides high purity
spherical silica obtainable by the aboye.process and conprising not nore
than 1 ppb of radi oactive substances. Preferably, the electrical
conductivity (at 25[err]C) of a solution obtained by boiling for 20 hours
at 160[err] G:a madar ecofadd: 0, 9; 0f . J;:Jge silica.,and 100 m of distilled
water is 10 [err]S/cmor_ bel ow The hi gh- pur Fty-8pherEarF3si PEga  asusr di ng
to the invention geherat?y® conprives-abostc 90% by wei ght or

L e -
P v\;-.\—e:_:a:.-‘h I 3. :i~=5 aS 33
~CL I s._-c3 las SLlunA, S Zaa
1o zha
EFlaob-TolbE~ 2" a2’ -~ -~ =
Re-=UUS K31 S1L.73C2 3¢ umiam {x omqens .
—=-~C0 L3 3JrX2Z2rxazlv 1 3 vamea A=
e -« R Tangea C:Z
- - (Y -2 -
~C <0 WIX, TCr2 2vaTawvsiag 23 =a 37 2
~I2T 3 AL/ Lz T2 32 wNTy%
N8 mMitasc -
- L] - e, - IcLos 5. M ~
S-3~ 2CL3Ss usadle in the amulsicn
iSicr
o hal=toV" hol- bolh e kel v - 3 M
SI2TarXrac il ~C.ule su nUric scid nizris acis
-— - e Sy ik
Je 2, nizxic 3
— 1
ek le b aleTole e b = ~ -~
owvdrochlcoric acid, a=s o oo o hlib 3
, “o SU_DIUrXic acli ¢y nitvio geis
-~ - - Nt

‘- s -
rangce oI L to G wtk =
e © 2V WISy, prafsrxaslyv 3 to 1S wC%.
The amcunt 57 minaw ! }
- = - gy — — - — ~
N_nax &. &CLd tO pe used is Trovaerls

F Vel l-Val b= b R =73
AGU8CUS a.fa.l silicaca Sclution favrming an = =
— - — - =
‘ “Tlon Zorming cone of ths
te v .y 1. = - - "
SMULSIONS us=aga o SOLS inran=—:iAn T2 amcunt = -
-T2l ~2 3l Ccz _nara
peal = naral
R . S :
RCA L3 alTustas s 3T = bl -
C a3z Tnh= L2732 2CLS o askxal: nolar
b = -X3.1 [oLar
razio will fall w
AT —e e 232 SIS 3 vo-e =
- ZSLln = 3 2 ¢ 0.2-2
S =22 OZ '~ -4
P - s =
A3 —=a SAmid A . =
- -l = -~ ——— -~ P -
- 9 ~ - ~cINLNT 2X-arna Toase, Tonaxs s

hydrocarbons such ag n-octane, gasoline and kerosene

: . Ker ne,
alicyclic hydrocarbons such as cyclononane and cvclodecare,
and aromatic hydrocarbons such as toluene, xylene,
ethylbenzene and tetraline.

The weight ratio of aquaous alkali silicacs
SO%ut%on to oil and the weight ratio of agueous mineral acid
SO-ution to oil are both in a ranca of from akbout 8 : 2 to
about 2 : 3.
) For emulsifying agenz, it is possible to use any

“YPe of emulsifying agent provided thac it acts to stabilize
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nor e of pamﬂéges having a sphericity of fromabout 0.9 to about 1.0. The
rati o of the neasured val ue of specific surface area by the BET nethod to
the theoretical value of specific surface area corresponding to the
particle size is 3 or |less. Thus, in one aspect of the present invention,
there is sprovided high-purity spherlcal silica which is obtainable from an
aqueous al kali silicate solution and it which the content of radioactive
substances is less than 1 ppb, the electric conductivity of the extract of
boiling lixiviation of silicais 10 [err]S/cmor below, the content of the
particles mnthva”spher|6|ﬁVuoh.©1% 1070 i6590%or ore, and the ratio of
the measuredsvakue 9f Spegifi-c surface area det erm ned by BET et hdd<t o t he
t heoretical value of speC|f|6'surFac afba‘tdﬂﬁéspﬁﬂd%hgffi»the pacticle

3 -2 / C“" a -
size is 3 or>Fess. - 3C2CS, Cellulcse 2thers oI Limi-aad wazar-
. pa
SCluZlilizy, 308 =ha Titea -~
3 1k=2 ~2 13 rzcocomencdad Tz ouse 3
ncnicnlic suxfactanc
-

lavanTion thara MY e menzicnad Scrbizan facctv acid astaws

. - — - - e e - e 2
SUCL 35 ScrdLtan menclauraza, sorsi-—s- mencralmizazs

o PSRN DY -.CL —-_—laazoZ2,
ScroLtan monost2arats and sorsi-an menAClas=s -

an  ihi\saans -_aR e,
pcilvoxyetivians sorbican Zatty acié sstars suzh as
b cn

) .~ — H L -
po-voxyetliylens sorbitan monc-auracte, polycxya:tivians
scroizan menopalmitata, Sclyoxvecthylene sorbis
N - e St am e

menesta2arata gnd PO'VQtya—ny1awa Sornizan mercolazr -
-~ ed., ACCC 2302

— e ———u

T e = s o =
Tolvexyezhylana far--
o ~L7e *2 LATTY acid estars such as volvoxveszhrlama

e aT nyreen = a
[HOPOIONN R DT~ o
R e T ;JC O /=-:‘.f-e:".e moncsT2arzta znd
~ -24T32T2 and
e DT a b ol -l LT . -~
Sl D202 Tonccelag-a. 3 - -~ =
he =0y 8 .‘.V..VC--a...a, ang g_vcara Zattv acli =as-ars
-t - -~ - - — e = [
S, gEm memamaed 3
SUCh S SZ22 b eed - . -
54 2 S S<~C acid mcnccl /C2YLC2 znd ¢laic acid
- J -— - —h i ) S -k

.
=8 amoun g o=x g S
- ~ b Y . - e — - -~ -
a Nt 90f zas SQULSIIving agent T2 ze addzd s
in a rarca ~r O - =
-—-- = -— - S St -— = % 0—° 3
1 T “O S Wt¥% basad cn the aguecus zlk i

-

(:_n_) rangrati = ’ : P71
P-__a- “lon oI spherical silica gel oar:;cles

-

p T =
Al 8ému.sion containing an agqueous alxali silicazs

sciution and an emulsicn containing an aquecus mineral acid
anTliitE s Ar e : -
So.ution prepared in the manner describe ed akove ars mixad

Wiea stirring. The reaction of mineral acid and alkal:

S§ilicate rorms a porous spherical silica cal In ths
oroce cZ chi ine =i d
proc A1S lavention, the porcus silica gal produc=2d at

SS
tals stage may be one which is solidified only az the
surface, witih the inside of th parcicle bei not
sufficiently solidified because of the presence of alkali.
The order of mixing is not critical: emulsion

containing an aqueous alkali sili cate solution may be added
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In a preferred enbodi ment Offfhe-pFoéesé'6F"fhé?in0ention
are water-in-oi

sol ution and an aqueous mneral acid solution, respectively,
in the formof fine particles as dispersed phase PREFERRED EMB

THE | NVENTI ON The high-purity sphericaj silica according to the
i nvention is one which can be obtained froman aqueous alkali s
in which the content of radioactive substances is

tghe~ Ccﬁﬂ‘e?ﬂ"i)f*\ihag)aq(t

npasured
2rmex

ppb,
of silica |sw10-LerrJ§ycn1or

spher|C|ty

Iess
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g
R e T
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— -t e
—— et e
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- - 2 lode!
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e S Ay

-
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(WO type emulsions in which an aqueous al kali
are di spersed

amul

t he enul si ons

silicate

ODI MENTS OF
pr esent
ilicate

|l ess than 1

sol ution and
the el éét rircalmu_ s conductd ity of the extract of b0|I|ng l'i xiviation
e§ﬂhavtqg a

A e

2% e

[ QD S S



n‘_..w-{‘ o .
val ue of  spéci .surface area~by BET nethod I's not higher than 3 tines the
t heoretical val ue of specific surface-amea. corresponding to the particle
si ze. The radi oactive substances usually present in silica are U and Th. It

is desirable that the gontent QL hh%ggtrawqgngﬁa@gsypstaﬂgeseaacihe
hi gh-purity spherical 5|Iféé of” invention Is as |ow as possible

Specifically,. %&bc§on1 §gn§g4$1guaéng&ggigpp@p_ thaté exéeadsrisppb,

soft errors A e cause On the ot her hand, alkali netals such as Na, K

and Li, aIkaI|n%'%@rthdnuéﬂsggggﬂtexLé}g@@d &8, agidoeshatnkonlcacapurities
such as O maAy cause corrosion of alumniumwiring, so that it is desirable
that the highpurdian sphetd cals siddg@ &dnébisutbugnthenubeesubst/ant isdl |y
free of such inpurities. The content of these inpurities can be detern1ned
directly By appraprdai® analisisadaneand, abdt egecverad 1n the usua
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wa<7 Zor zed use.
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gel sparzic.es (S:te2p 2)
; Tna porcus spherical silica gel cbtalned in
10 Step 1 is treated with a solution containing an acid.
As acid, there can be used mineral acids.such
as sul.phuric acid, hydrochloric acid, nitzic acid, etc..,

. ‘ . » . : = - 3 -
waich sulpnuric acid or nitric acid is preZerIiec. as

R

usad. Th2 acid ceoncentraticn 3£ =hs treating sciutlon
ts 30 w=% or lass, preferably in a zange oI 3 to 20 wWiE.

accomplished by a one-stage treating method, but it Is
20 desirable to divide the treating operation into at least

two stages £or extraction removal of trace amounts of

impurities. It is also possible to employ a multi-stage

rreating system in which the treating solution is

ranewed for each stage. The treatment in this step is
25 preferably carried out with stirring.

The treating temperature is not specified in
this invention, but

it is recommendeé to conduct the
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the present invention; the electrical conductivity of “the extract of
boiling lixiviation of silica was measuredldnd given as an index of ionic
i mpurity content. This system was enpl oyed for the foll ow ng reasons: i)
el ectrical conduetavttypncapekhatdbneat| oadoptirechasren fgasy eof> quat i ¥y or

properties of

the product; ii) this systemis a nore sinple and

clearer way of shadteat ko thae diecedted@ndlorsiistpwridy 995733 SYs a very
strict method for evaluation of quality. The electrical conductivity of the
extract of boi EERGUEiRkF@i aFieort "@R taelnitc &£ de T I IFEB5Et2§ v erftTRIFF § 258
nmeasured at 25[err]C with the specinen (extract) prepared by adding 10.0 g

-

of sanple siliBaste-1003mM -5f PEieé W& 10 drd doi Fihg 1 M tIf et ater

160[err] C for

0

20

25

gg,hgurs. In the high-

. - ~y p s Y - 1q v -
...... ncrmal Dressuce. The nigher the camperatur: 2

aoparatus 2v the acid and anergy CcoOst, 1T 1S WmCIL
ar-aczical TS carrw oul the freatment ati 2 Iamperatur2 ia

a range oI 100 to 130°C, preferably 110 to 140°C.

T
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abou: 30 miautes =0 abcu: 20 nhcurs in the case ci

batchwize cperaticn ané abcout 30 seconds to about 20

hcours In fhe case of coniinuvcus coperation.

Toe nvdrous sphnerical silica particies wilch
nave undergone the acid tresatmen: ars then washed Witk
wazer oI a sultable tamperazurs and, i1I necessary,

further sublected to daacid

o}
(4]
r
0
n
]
4
[1]
a0}

is preferably a refined or high-purity prod

'alectronic grade". Also, the wate:;used for dilution
oI the materials and the acid used in the process or for
wasning of silica is preferably pure water with few
impurities.

3y the treatment in this step, the content of
impurities includiag radicactive elements in the silica

b - -

particles is remarkably lowered. Specifically, the
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- 7 - purity . spherical éif?cé'of thisllnvéhfion,'ihe value of this

el ectrical conductivity is not higher than 10 [err]S/cm The sphericity
specified in the present invention is ®exptessed by the ratio of the nininal
diameter to th | diameter of one sj)ica particle. The val ug aof
sphericity mé’?gc?%r %ne‘ SRR y°§e"f‘e6"f"rngg§03p3r lsiuglgegso%laar%ngl ectron
m crograph of, thes sj-liga particles, opasuLjng the |,nal- di.ameter and the
m ni mal di ameter of eac '§$ i bwéé?%gsé% %%?riége§ga§ﬁ§aéa 6%|a%§%ﬁﬁ§ e

ratio of the-ginigmd diafet esodo {he mRi gal.dhaneter jof jgach particle. In
the high-purity spherical silica of the presént invention, the content of

the particles: Raddigs asEphedd G tynk Nrd £3N98:0Ee@- 9ot 02140 <=5 :90%p, mor €.
The particles with -

. \ .. = s _
3 A~3C, e.sclirical conduczivicy 2f the axzrace
el e B AT N 2 Nt -ac ~ 7

CL D0L-l0G .l¥iwvlaticn of sillica can be raduced s lower

zhaa 10 uS/ca.

(3) Prying and calcinaticn of nvérous spherical silica

extractlion removal of impurities in Sten 2. This water
can be categorised: into two tvpes: adhersnz water and

scunc wates., Usutvallv adnsrant wasmar can bDe =2asilvy

The nydrous spherical silica particles arce
subjected to a drying treatmen: Zor removing acdherent
20 water and further subjected to a calcining treatment for
removing bound water and compacting the silica particles.
The silica particles obtained according to the
process of this invention are the fine spherical

particles having a particle size distribution in a range

-

)
(o)
m
.J
r
0
',—J
o
o

v
a

and an average particle size (diameter) of
about 10 to 15 um, but as they have high sphericity and
excellent surface smoothness, they can be subjected to

a drying treatment without agglomerating with each
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a spheficity of less than 0.9 have a wide iation froma perfect sphere.

The encapsul ati ng materi al
in fluidity at the tinme of nolding.

poor

surface area is>é&
hi gh-purity spherical

contai ning such silica particles as filler is
In the present invention, specific

MEFoy¥@®as S e urta wiforparyi cl e surface snoot hness of the
silica of this invention. Generally, specific surface

area SA of a solid (porel es¥) I3Fe -gphere iseqiien hy= the;{of| ovbAgnent

equation (1): SA_(nlerr]/.q)

= 6/(d x D) (I') where d is dianeter

([errlm and D I'S"trUe speci fT @A t4a = Fr om the= Bguations¢l o sbeec,

specific surfac
di aneter of d (
foll owi ng eqgsat i

20

grea_SA-(nf.err]/g), of a true sphere of silica having a

ri'm ~and a1 G SPeCiFi @Yt aite y- 0fa 2.2 | sigevearbyet he

:
Bpékt¥’s§QeEQ%% %Q%EFEForetical_value of

—an = Smiima =
Tange I Ccn2 mIinuza to 49

e
e

acurs

QI LG Tr=2anmant
-
S:lan et L —_ AT -
22C- groups (=Si-CH) reside on zha surfaces
- -~ .
cf che silic roic ~ed =
Pl ~+LC& DartTic.as cotalrnac Ircm The wat =XocCess,
s
ate ol 2
anc clhi2se sl anc. SToUTSsS arz2 comzinad wi=n-
= —ai2 -
watar - thae fades: “m o - = : :
= <12 alXcsthers &o =3I e zzundé water. These
B <

specifi - - .

spec C Suilace aresa, calscipnation is preferably carried
- - ’

out at a temperature of 1,000°C or above, more

time is
to 20 hours

M Sy -y e :
i conrormity to the calcination tempera-ure

The a:=nm here £ lei i t
ospnhere Zor calcina=-ion may be oxvgen

or carbon dioxid S If
on dioxide gas. £ necessarcy, an inert gas such
4s nitrcgen or argon Gas may be used.

ctecommended for practicail

reasons.
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specific surface? ‘ar ed vof €

approximately 0.27 n2/g. SA = 2.73/d - 17
silica used as a filler for encapsul ating
usual ly by 8 -

sphere " wW'th ahdlaneter of 10 [err]mis

(I'l') The spherical
materials has its pores closed

cal cTwét ¢ Dnicsophhat ctlke sbrhacedsauobhdess dfo tdne

silica particles can be evaluated by the anount of deviation of the

measur ed val ugoicspecdfi tassriacenarea feom itight lgoeesticddl” Adldie.

i nstance, on the surface of the spherical

For
silica particles prepared by

flame fu3|ng,it@?e—%&ts#unﬁﬁ9°nﬁmp9§pn@ﬁ§9 GC F&TesR8ECE3ENS S or med by

recondensation of vapors of Si
t he ca.c.ne

evapor at ed
w.Ihout cau S.7¢ 3.

w

0 -

- . -

is possible

-

spn particles

Z'lDL.- iries

uranium by using an agueous alkali

starting material

The high-purity s

invention are notably high

Lo obt

smocthness, a nigh sphericity and a vary

produced according to the pr

by hi gh-t

- - =
faring cf

PPy

enperature flanmes, and

Ll l-) ﬂa::LA ag avnn

- -

0

h i
-2S

retary xilzn, Zlame

--a

haviag exce

low content

including radiocactive elements such as

silicate solution as

pherical silica particles

'n

Q he present

T

c

®
(]

§s ©

in rity, excellent in

surface smoothness and also high in sphericity as

compared wikt

tth the silica particles obtained with the
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speci fi c surfage. area’ of ﬁe fused‘%ﬁrtlcles with a dlaneter of 10 [err]m
exceeds 1 n[err]/g and is usually abouti® ‘R2/g. The encapsul ating materi al
made by using such particles as filler is still unsatisfactory in fluidity
at the tine ofjro®tdang, sa thet ptreent Limeepairgri clese ofpddif4 ¢ surface area
of the spherical silica is neasured by the BET (Brunauer, Emmgett, and,
Tel l er) net hotdawhrchonsZknéwparnicheaait éﬁdﬁ&ﬁﬁﬁﬁﬁﬁﬁ?t%?v&nrﬁrt%@ =3
specific surface area of the solid is cal cul ated fron1the(§dsor tion of the
nononol ecul ar - kayar CARGCERE 1586t C8RalRNEAES ofe IS ARG R by~ %%1 g*‘g
adsorption isotherm (BET adsorption isaotherm based on the polynolecul ar

| ayer adsorptcon"”The SPECRESECSArrEce AEe V-G MR spherical silica of this
i nvention is not nore than 3 tinmes the theoretical value,. and the p pg esent

[ Si lavanzico ~urTth illdsToate
spherical §ilica has excefl @agsens invenzica is -ursaes s
halow witn z2fersnce 2o the examples and ccemparative
axamplas. The Zsllowing sxamples, howeve:D, shculd not

"
®

gsant LowvanTion

ne conszrued to limi: zhe scope of the D

-y EZxample 1

(&l

(1) Preparation of spherical silica gel partic.s2s

(i) Preparation o

rn
1]
H
[
!
n
| I
0
o
n

A nonionic surfactan:t (REICCCL S2-C10,

1
w
‘l
3]
0Ny
fu
(8}
[{}]
5
‘
-
1))
[§]
.l
}
N
n
Q
n
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t-’l
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[}
o
fu
n
fv
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(R}
]
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4]
[N
(@]
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[+ ]
vy
I‘:
fu
"
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fier at 18,000 r.p.m. for one minute to prepare 268 g of
20 a water-in-oil (W/0) type emulsion containing an agueous
alkali silicate solution.
Meanwhile, the surfactant, the oil and a 5 wt}
agueous sulphuric acid solution were mixed in a weight

ratio of 1 : 44 : S5 and treated by an emulsifier under

(3]
w
A |
m
wn
fu
a
)]

conditions as described above to prepare 842 g
H Do Tahuri
of a W/O type emulsion containing the agueous Su-paUr:LC

acid solution.
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surface snoet hness: The encapsul ating nat e

“ﬁf”prdaUced by using the

spheri cal silica of this invention as ¥?l4+er shows quite favorable fluidity
for nolding. The process for producing high-purity spherical silica
according to 5hp)psggggua&ﬂy@n5¢qgoﬁgnpgése§ ihe,fobhowhng: thegeagkeps:

Step 1: Preparation of spherical silica gel particfes. An enulsion

contai ning an aquegats.ad kajidasidacate solution and an emul si on contai ni ng
an aqueous mneral acid solution are brought into contact with each ot her
to produce porous spherlualwsidt cpiged paclstbaswas a@cSteps2thebxtraction

renoval of

§ e
W

20

i mpurities in spherical

T s g+ =" < - =
sulpnhurzs 2cid solution emulsion wizh stisziag. afszer
L B gaa Ta- ~ o - = -
aQdlTilh Was compi2teq, stiscing was Zucizher continuecd
- - n - - . b -~ - i
at -oaQm temperazurs 2gr- one nour Then 1,009 £ o2 a 15

rzaction liculd and the mixed liguid was heazed =0 100°C
and stirrec Ior one ncur. 3y this zreatment, :he

emulsion-lixke reacticn liguid was separated into an o
phase (upper layer) and an agueous prhase (lower layer).

The 0Ll ghase was removed and the silica gel

I Thg2 L3Ua. wav.

,7) -~ {b-«gﬁ—"\"\ c-‘: it el B - Y~ - ari ~st S . al

Ve —ah i - AN o dad P h:lL‘ ~~~~~ S I sonear.ca.n. sL.lca g——-
DaTTiC.2s

immersed in a freshlv prepared 16 wh3 aguacus suiphuric

cid scliuticn, stirrzad at 100°C for one hour to ex:tracs

3

impurities and then washed twice with pure water of an
amount 10 times the weight of silica gel. Af:er
repeating the above extracting and washing operations
twice, t“e obtained silica gel particles were washted
with pure water uatil pE of the washings became 4 and
then dehydrated by using a Nutsche funnel to obtain

hydrous spherical silica

0

articles.
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silica gel. The spherical sili¢a gel -partrttessobtained 'n" Step 1 are
treated with a-mneral acid for extract+o®@renoval of inpurities contained
in the particles to obtain hydrous high-purity porous spherical silica
particles. Step 3: Cal ci ra{d an, of Jg%%pygdsgpgpéﬁglSsilgga,Qagttclgs. The
hydrous spherical silica partTéTes obtained th Step 2 are tal cinéd to
afford the prefgrred: prapesddes: specifiedobp tBe Brgsentgi Bvention to the
particles. The above steps are illustrafed more particul arl’y below. (1)
Preparation of sspherd cadzsidiga, gebnpast kol es: ¢ Skapobk-tilas we-R eparation
of emulsions In the process of this invention, an eful sion containing an
aqueous al kal i sidd=cat e solattd pp=afdlidNseaker (cne Licr-2) and calcined

5 at 1..00°C Zzr 30 miautas.

1Y were all below 1 ppm and the fotal concentrazion of

radiocactive elements U and Th was beiow 1 ppbd .
Zlactrical conductivity of the extract of
belling lixiviation of silica particles, determined in
the mannter cascrlibed sefsrs, was 1.8 uS/ca.
=3 The i

cotained sillica pariicles was 11.5 um and theil
gravity was 2.20.
The specific surface area cf zhe particles as
measured by BET method was 0.5 m2/g, which was 2.1 times
20 the theoretical value.
Also, the obtained spherical silica particles

were tiose in which the content of the particles with a

spnericity of 0.9 or above was more than 90%, and both
sphericity and smoothness as judged from the electron
According to the secticnal observation of the

particles by electron micrographs, all of the spherical
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ermul si on_contai hi hg an agtiedys™m neral ~aci d 'sofution are prepared. An
aqueous al kali silicate solution and an adueous mneral acid solution are
separately dispersed, in the formof fine particles as disperse phase, in
respective | i gl ss seayi 59- 25618708k PRASS, A Shndle M SCDIG Lh the
above- nentioned aqueous sol uttons, to prepare watér-in- oil (WO type
enmul si ons. An 2OKE0HS al kali silicate solution, a liquid for form ng
external phase and an enul sifying agent are m xed and emul sified by using
an enmul sifier or other appropriate neans to prepare a WO type emul si on
contai ning an aqueous alkali silicate solution. Simlarly, an aqueous

m neral acid sokakpda, 2a liquid for form ng external phase and an

enul sifying agent are mxed and enmulsified to prepare a WO type emul si on

a PN I
P

cont ai ni ng an aqueous mi e abracedh: 56l ¥Fi Ramo” was

- ot
i ~o -se

Ine agueous scluzio

wec 2uceSDth

~y -
ot -

™
193

glass

watar

SO

seccme 20,
sion

I
PR

cont

)
o
)
[
@
0
b
n
)
’.‘
b
)
...‘
'—‘-
n
ot
’-—J
',40

-

"

W

was followed except

[ )

({4

utions preparad

th 5, L0 ané 3 wtyg,

O

respectively, for preparation of emulsion containing an

” . .
agueous sulphuric acid solution, to obtain the spherical

20 silica particles. The resul:s of measurements and

observgtions of the obtained silica particles werze as

shown below.

1

The procedure of Example was followed except

that the method of addition of

.
-

he emulsions was

Replaced

|

et Has Been
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The al kali silicates: usabl'e hiére: 1 nélrude sodi um -10 - silicate,
potassiumsilicate, lithiumsilicate, etg,,_but sodiumsilicate is usually
used. The concentration of silica (as SiQ2) in the aqueous al kali silicate
solution is pseérgallythataisanga embilsdodd aarda imdrg @refasuadsys 15 to 30
wt % The mneral acids usable in the emulsion preparation include sul phuric
acid, nitric askdhuhydrgékl erilaticind vast @cidsuts %lﬁ'pl‘ﬁﬂ‘-i-c’*a?ﬂ d or nitric
acid is preferably used The acid concentration in the solution js in a
range of 1 tocGOLAET: 6r SFelEepLs (9 LR5 9SS solution To obtain Iie

soherical s.llca narciclas., The z2sults OI mMeasure2mentcs
3 > yanT: s - N s 3 m it ima wmomes =T ga—a
3  ané chsarvazlons Jf zhne opralinaed sL_LCE paftlil.gs wers

Comparazive Zxampls 1

The nrocedu

"

2 cf Zxample . was follcowed =2xcest
shat an emulsicn containing an agueocus water glass
10 solution was added to thne non-emulsified aqueous -

T ol 3o~ - AT ;o y 1Y Seewd 1 e -
sulgnuric acid solutions wizh &the sulfuric acid cencent

ocservations of the cbtained particles wers as snOwWD

. A
wm
(8]
U]
i 4
O
€

The resulis of measurement of impurity
content, electrical conductivity of the extract of

o
O
Y
-

ing lixiviation, average particle size (diameter)

and specific surface area and the results of observat igon

( T

city

| add

20 of the electron micrographs for determining spner

|

and solidity of the silica particles obtained in
Zxamples 2-4 and Comparative Zxample 1 were as follows.

As a resul

(21

of analysis of the obtained

spherical particles, the concentrations of the conta ined

(18]
wm

lements Na, X, Li, Ca, Mg, Cz anéd Cu were all below 0.1

ppm, with Fe being 0.8 ppm in the examples and

This Sheet Has Been Replaced

RN




R

The anmount of mi neral".acid“t'o be used is properly decided in accordance
with the amount of alkali in the aqueous.alkali silicate solution formng
one of the enulsions used in this inventfdn. The anbunt of nineral acid is
adjusted so t b \,aeral i d tq.al kal,i, o Jowll Eakl within a
range of 0.1-%3&3é'§ﬁgb?i&%55%§§f f%ﬁﬁ?ﬁ]%35eééﬂﬁéi#&égg%%h%?edigﬁﬁsed a
[ Tquid uhi ch NELENSEaheacts el N s dis d15g) e W LIy &1 Lheeof e, agugous

al kali silicate solution or “the "agueols mneral acid solution. It is

recomrended tg9suse aBsOil havidgea boid I g poi g8s Of A0 L 13& 95 above and
a specific gravity of 0.9 or bel'ow. G ls which ey be used i ncl ude

al i phatic hydsogatbBaransuch &% Qe A nPas i Neaddakerosene, alicyclic
hydr ocar bons such as cycl ononane and cycl odecane, and aromatic hydrocarbons
such as tobuene, Xxylenefha slectrical zonduczivizv ¢f tha axtract cof

-

soliling Lixiviation of the silica parzicles, as decer-

mined 2v the above-descrited methed, was Ln a range of

1.7-2.2 uS/cm, indicating no significant éiffarence

among the axamplss.

~0, As ragards sphericitv and solidity as

obtained silica particles, the spherical silica

Darticles gobtained in Zxamplas 2-4 were tnose in which
the content 2% the parsiclass wizh a sohezicizv of 0.9 or

23 abcve was mcr2 :than 90%, and =hus thev were excellent in
botn sphericity and suc-face smeo:ihness. Also, these

cal

fu
0

t

articles ar2 all sclid, anéd tnere was

sphe

"

(r

tted presence -of no holiow sphere

-

[ER

[$])

acm

[ X1

n the case of the silica particles obtained

20 in Comparative Example 1, the content of the particles

.—l-

with a sphericity c£ 0.9 or above was less than 90% in
eacn run, and many hollow spheres were admitted.
The average size (diameter) of the obtained
silica particles, the measured value of specific surface
25 area by 3ET method, and the ratio of the measured value
of specific surface area to the theoretical value
calculated from the above-shown equation were as shown

in Tables 1 and 2.
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et hyl benzene and tetraline. 'The weight ratio of aqueous alkali silicate
solution to oil and the weight ratio of24qdeous mneral acid solution to
oil are both in a range of fromabout 8 : 2 to about 2 : 8. For enulsifying
agent, it is possible tDheisspenysiypserofiepubsi kjiengbagenkdprovidad that it
acts to stabilize - 11 - the WO type enul sions. For instance, there
can be used stzongFy298| edphi}2¢ surdattaasessuch as pol yvalent netal salts
of fatty acids, cellulose ethers of Iimted water- solubility, and the
like. It is recommended to use a nonionic surfactant.

Tapla 1

Silica particlas | : i

. : Si2a Razio ¢ |
: j Soncant- Sgpeciiic measurad
| qM{:a:-’.-::.-. in tavVer—| gurface araa ralue of
'Ixzmpla2 Yo, | watar _2ge (mi/qg) speciiic
c No.! glass Zor jGiam- = z
5 : ;51ass Zor G- Meas— | Thego |SuTIace area
_ Pemulsicn | SL8CD 1UEES 0 - to thecrati-
X ' - - - -~ -a ol d e v -
% b (wey (um) | U=8C iT8T-Ca-1 a7 value
| | value:! wvalue !
- - =
 Ixamp.2: - li 20 §.5 0.8 | 0.420 *.S
- s | L e
o 2 2-2; i3 2.0 2.5 1.383 1.8
I f -
% '2—3| 10 1.7 2.8 1.608 1.7
Table 2
; i w.Zuric . :
; : aciéd S_.lca particles
; ccncensra— Ratic of
: zisn in measurad
‘qua| agueous | Specliic value of
Txampla !l | suliuris (BVSST suriace ar=a speciiic
= PN P =3 <
| {No. acid d?g; (m2/g) surface arsa
: : A;uh: ~aiT T e oy A -
! i s > -ion gtar- Meas-~ Theg- -C Theorligll
. - . P B
emuﬁ: (um) | ured |reticalj Ca- va-us
-s1con value | value
(wty)
_ 3- 135 12.5 0.5 0.218 2.3
Example
3 3-2 10 11.3 0.5 0.242 2.1
3-3 3 9.5 0.7 0.287 .
Zxample
. 4= 5 11.2 g.5s 0.244 2.1
Comp. |1-1 3 10.1 1.4 0.270 5.2
Zxample l-2 ) 10.8 1.5 0.233 5.9
1 1-3 10 11.2 1.9 0.244 7.8
Sheet Has Been Replaced
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As exanpl es” of nonionic suffacténPS'for-wﬁ? Tt
mentioned sorbitan fatty acid esters such as sorb
nonopal m tate, sorbitan nonostearate and sorbitan

e

ventiogn there ny be
itan nonol aurate, sorbitan

nonool eat e;

pol yoxyet hyl ene sorbitan fatty acid esters such as polyoxyethylene sorbitan

nonol aur at e,

pol yoxyet hyl ene nonost earate and pol yoxyet hyl ene

pol yoxyet hyl ene sorbitan nonopal m tate,
sorbitan nonostearate and pol yoxyet-hydsne sorbitan nDno
pol yoxyet hyl ene fatty acid esters such as polyoxyethyle

x th

pol .
T

nnnooleate and gl ycero

fatty acid eshems:.such as stearic acid nonogl yceride and ol eic acid

nmonogl yceri de.
range of 0.1°to 5 wt % BaS&FSen —t\-ﬁevafqlqem;scal Katit -

aqueous ﬁ]HSLaLvaCI@1&QEULb@&dMyé%h Sinc an smu

e amad

(/3

PP PR

[\

the Zorm ¢3 fT
(W/0) type

acid solution

"na
-l

wacar-in-cil

=mu’s_v

agueocus minexral dispers

particles as disperse phase to produc
b =y 5 = 3 s

ge&L., treating the obtained spherical
3 . 3

minera.l acid to obtain aydrous spheri

and then calcini ing said hydrous spher

e
4, A process for produci
silica conducted subscan

ng high-

tially as des
accorcance

W.lZn any one of Examples 1
- rs 3 .
5. 1igh-purity spherical siiica
Drocess accordin

t-purity spherical silica

€O any one of claims 1 to 4

The anount of the emulsifying agent to be added is in a

ﬁ_k‘l--l €af essebutlon or

Ly 4

——

e aa T R

o,
ed in the fcrm
e a spherical
silica gel with
cal silica, and drying
ical silica.

ourity sphnerical
cribed herein in

to 4.
obtainable by a
which silica
Lve substances.
Obtained by a oroc=ss
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Y Al
to be émulsified. reparati o EBhort Bhl e
emul si on contai ni ng an aqueous al kali silicate solution
contai ning an aqueous mneral acid sojation prepared.in amuwgﬁ
descri bed above "are m xed with stirring. The reaction of ™
al kali silicate forns a porous spherical silica gel. In the proc

a-"-g'j"el particles An

nul si on

DT

ess of this

invention, thegqerouws s14:0a gel produced at this stage may be one which is
solidified qgnly at_ the surface,” with the"fnside dfveherpariiche-bebrgsnat

suffici ently“sol14fi¥ i v becafe o thic presepces@fsalkali. The order of

mxing is nét criticalisremi:si:on contaj ning an aqueous al kal i si
: - S F.-alad ACTOr2Iing T2 2laim S oA
sol ution may-he added.. . 3 slaim 3 2

~en

- < <
- & 1A e n eny -, B - =
<&l vvx-C‘.uﬁ._-;‘.-_.z’ L& 2337 of 3 SCiUu= mAm A 3
= 7 1 _—ai -
s oo WLl SpTalnad
g ~=~g 28T L0 fgours 3= ~zAaon- =
S F- LUl 2 mIxTurs o0f 1o Y A~ A=
; ) . T2 02 1I.% g 2f ===
SL.22a anC 190 1l of Sigaioe p ) )
S == S-lLl2C WRI3TY nelme o S zo
‘ -2 ~e LT - M= Z ke
zelcw
3 PeRedel
LS-QUTICYy 3ili~ 3
SEEhge TTd ®=-=-La accerding to anv one 27 ¢ aims S
_ o J - e - —t
- - N e
-< 7, WILCL COMCrisas zhou- S0 o
¢ = 5 w2 ~ A ey e D) =
- . . - -’CJ ~.l d.—_\_—‘--._ \Jr TO:E °~
i -
Tarticlas naving a soh rizizy o .
Srericic T Ircm aZcu: ER z
T oM zgcuz 9.3 -— aZCllZ
-—
7 migh-purizy 3
Zish , - - - . S ..
2RTYNLY spnarical silica clotalnadbla v a
inabl
O-v-f-\ _
hale

o7 of

e Ve e e —4
:V--a P b by :
SILCILY oL Irom amcut 3.5 C¢ zazcuz -.:2
- - l
<~ -
*Z nlgn-zurics s i mac
STPUILCY spherical siliza crhrainad me s
- ~ -—ear i A S [—3
o e~ - = - = )
..... T2LNT o anyv zTne o= zlzims - :
e oF -lad —a 4 i s o
o . 3 - =% = WILZIL ComIrises zhcu-
SC% oy oya i - =
FNE SV WeLTIT Cr WMoYz of ngrsisias tmas ; :
FARAICICL2AS NaVING a sonavicd
B Pd R R i
LISm apgcuc $.% to zameu- 3 Q
= 1

-- .-

—

-
. .

2 High-purity spherical silica obtained fro

o . Y . ) Nt
aqueous alkali silicate solution, having content of
o, 34 P ea :
racioactive substance lassg than 12 PPb, a elactrical

-

conductivity of =
onductivity of an extract of boiling lixiviation of

~eaim

an

tae

silica of 19
uS/cm or below, a contant of the particles with

& spnericity of 0.9 to 1.0 of 903 or morsa
the measured value of specific surface a

.

Al

. anéd a ratic of
2a by BET method to

the theorestical i F3
e etical value of specific surface area corresponding

- ,
O tn

(D
y¢]
[
A
(1
'J
9]
'—J
(1]

Size being 3 or lass.

¢
Y
'-4 .
w0}
o g
'‘c

PUrity spherical silica Substantially

as
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- 12 --to an ‘enul si oN*EHI aquetd eral acid solution, or the
| atter emul sion may be added to the forner emul sion, or both of said

enul si ons may be added sinultaneously. It is essential that an emul sion
cont ai ni ng an aqueous mneral acid solution and an e;{m i l““i mng an
aqueous al kali silicate solution are brought into co m\m\ her .
In case an emul si on containing an aguédus al kali sili'cate sél uf'ion is added
to an aqueous mneral acid solution, there can not be obtained the
spherical particles which are solid and have excellent sphericity and
surface snoot hneSsyerhreh>tRe apLesentcinventican j:s-4 ni.ended t o provi de,
(iii) Demul stfication To denul sify the enulsion after the TedctT o= an
aqueous mneral acid solution nmay be added to the reaction

This Sheet Has Been Replaced
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liquid, for exanple. The nmixed liquid is then heated. According to this
nmet hod, extraction renoval of inpurities can be acconplished concurrently
wi th demul sification. The denmulsifying treatnent is carried out usually at
a tenperature in a range of 60-120[err]C, preferably 80- 100C, for a period
of from about one mnute to about 5 hours, but the tinme and tenperature are
preferably decided in consideration of the operations in Step 2 described
bel ow. - 13 - By this treatment, jghhggmul sion-like reaction liquid is
phase-separated into an oil phase a ase of a silica gel

particl e-di spersed aqUEsBUsSURIEY ad ?PHERICAL SILICA AND PROCESS

FOR PRODUCING SAME

h f 1 - - - - — e~ - ~
3CcL.LClsn oLsge2rsed Thersin and anl 2mulslon JonTainiing an
-~ = - 3 - - - q ~ -— 3 - - — -l

aJueSCuUsS MineXa. ITLO SCLUILon Jdisv=arssd a8r=sLln, ol L TS
= = =2 amm dmT A= = A= =as - = = - S
IZrm I IZILnNe J&aXIilLlaSs as Jdisgersso Toaassa, arXs mlXked oo

5 P ] < = - 2 - -l . 2 - 3o -
PICCUCE & Spneriia. sL.Ca ge. JL1S synexica. slilca gel
< 3 L - - - - g 1 h
1S Trsact2d W1l & minera. acLd LS cgTalil LWCEIOUS spnerxicadn

siliza, and this nhydrous spherical silica is dehydratad and
then calcinad To opiain nhigh-purizy spherical silica Tre
conzant ¢ radisactive substance L3 la2ss than 1 Dopp, the
2lzctrizzal cConducIlvity ¢ ths =2xzract i zeliling
lixiviaticon ¢ silica is 10 uS/cm cox zelcw, the content oI
Che parxticlses Wit a spherxicizty cf 0.3 or azcva i1s SC% cx
mer2, and tohe ratic ci fhs measursd valua cf specific
surfzace arez £y BIT mezthzd o the theoraticzl va_ue of

P =2 - z - < - - <2
STEeCLILC sSuraca arsa Cgrraspcencaing o parc.c.le sz s 3 CX
= I~ T hi P - = - [
-255S 3[ USLnG all aguecus alka.l sl_.igsZ2 so.utllon, coners

- K 2 H R ~ - - A
can Le opkTalined Nlgh-DUYiIy srnerical sil.lca partic.s8s i

wnlch the content of impuricies in
1

1

substances 1s verv low, and which have excellent suriace
smoc:tiness and high sphericity and is suited for use as a
il

ntegrats

er in resin compositions for encap

(=

()]

o1

}a-

S
circuits and associated alectirsnic gart



sokution. The oi'l phase constituting jpper La of 5 the | 1&%07TEY be
separated and recovered in the usual g

reanaI of inpurities in spherical sifica ne narrJC es (qrpn 2) The porous

spherlcal silica gel obtained in 10 § % IS treate

contai ning an acid. As acid, there cgn pe | pci dqﬂﬂ mmim“ml"l“l
MEEC a0 aYdFOCh|OrIC acrd nig ol aPId eff .

d.is: preferred As he treatlng sol uty on, an aqueous

), @ | nge of 5to 2 % .The acid t at ment dgtrns
sttep may e actohpllshed by ‘a one stageJg£%%%%ﬂ§L§¥¥§%§T£%§3m¥¥yF§i——

Fes8y it y in a
O S 25
CLAIMS : .
1. A process for producing high-purity, spherical

silica, which comprises mixing an emulsion comprising an
aqueous alkali silicate solution with an emulsion comprising
an agqueous mineral acid solution to produce a silica gel -
comprising substantially spherical silica, treating the gel
U/ with a mineral acid to form hydrous spherical silica, and
drying and then calcining the spherical silica.
2. A process according to claim 1, in which the aqueous
alkali silicate solution is provided-in the form of a .
water-inéoil'(W/o) type emulsion containing an aqueocus
alkali silicate solution dlspersed in the form of fine
part;cles as a disperse phase and in which the agqueous
mineral acid solution is provided in the form of a
water-in-oil (W/0O) type emulsion, the agqueous mineral acid
solut;on being dlspersed in the form of fine particles as
d;sperse phase. '
3. A process for producing high-purity spherical
silica, which comprises mixing a water-in-oil (W/O) type
emulsion containing ah'aqueous alkali silicate solution
dispersed'in the form of fine particles as disperse phase
and a water-in-oil (W/O) type emulsion, containing an’
aqueous mineral acid solution dispersed in the form of fine
particles as disperse phase to produce a spherical silica
gel, treating the cobtained spherical silica gel with a
mineral acid to obtain hydrous'spherical silica, and drying
and then calcining said hydrous spherical silica.
4. A process for producing high-purity spherical silica
conducted substantially as described herein in accordance
with any one of Examples 1 to 4.
5. High-purity spherical silica obtained by a process

]



extract i'on renoval

20 - des+rab|e to ‘divide the treating operation into at Ieas
of trace anobunts of inpurities. m“ ﬁm‘m

.enploy a nulti
“renewed for eaf
Lout with stirr
i nvention, but
operation at 5
for inmpurity e
tenperature hi

REPLA eemmesﬁ_ A
. 3]
e i

pher than the boi

temlrlwh|d1thetreat|n
ment in this step is 25 preferably carried
enperature is not specified in this

to condygleiBere shaedld 15 PshhdGL 1998
t isp : € LI ne required
tting thE8 treatnent under pressure at a

ng. poi nt of the treating solution

according to any one of claims 1 to 4 which silica comprises -

not more than 1 ppb of radicactive substance.

6.

High-purity silica according to claim 4 or claim 5,

the electrical conductivity (at 25°C) of a solution obtained
by boiling for 20 hours at 160°C a mixture of 10.0 g of the
silica and 100 ml of distilled water being 10 uS/cm or

below.

7.

High-purity silica according to any one of claims 4

to 6, which comprises about 90% by weight or more of

. particles having a sphericity of from about 0.9 to about

High-purity spherical silica obtained by a process
‘according to any one of claims 1 to 4 which comprises about

90% by weight or more of particles having a spherzcxty of

from about 0.8 to about i.0.

High-purity silica according to any one of claims S
to 8, in which the ratioc of the measured value of specific

 surface area by the BET method to the theoretical value of
specific surface area corresponding to the particle size is
3 or less.

~ 1.0
8.
9.
10.
\_/

High-purity spherical silica obtained from an
agueous alkali silicate solution, having content of
radicactive substance less than 1 ppb, a electrical

conductmvzty of an extract of boiling lixiviation of the

silica of .10 uS/cm or below, a content of the particles with
a sphericity of 0.9 to 1.0 of -90%. or more, and a ratio of
the measured value of specific surface area by BET method to
the theoretical value of specific surface area corresponding
to the particle size being 3 or less.

High purity spherical silica substantially as
described herein and in accordance with any one of Examples
1l to 4.

1l.
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5 under norpal pressure. The higher the tenperature, the better | sTppReR >

r egut

un

L TRE Case: of:-extrgetion: under pressure, but in view of possible

conr ) apppratus byithe acid and energy cost, it is nore

|tor<ic ¢ :-~T'y*~.ozls“nt") I_,the treatnent at a terﬁldsﬂttuteasheeﬂ-o 24 Juarg996 100
o] gra=’ '0-¥o 140[err]C. The t| skisdtd

ltr@at 30 #es-t o about 20 hours | %%hgggg%ﬁég%ﬁ MAsg
opéra a%aﬂt G sEcends. to about 20 hours in the case of continuous
op<=rat i-on. 15 The hydroUslspherl cal siliggepartd di¥wdldh have

eEgdiie Fherasidrirepiwent, arq then washed with water of a suitable

t enper at Ur & ~and: Tt recessary—f'urt her subj ected- t-o-deaci di fi cati on and

dehydration treatnemtsnmbﬁnmruagpknambﬁa BTLITCAt AND PROCESS FOR The acid
used in the process of this inventpQRrnerng SAME

BACKGROUND OF THE INVENTION
Field of the Invention. _

The present invention relates to high-purity
spherical silica and a process for producing such silica.

The high-purity spherical silica accoxrding to the
present invention has excellent surface smoothness and high
sphericity and finds particularly advantageous use as a
filler in resin compositions for encapsulating advanced
integrated circuits and associated electronic parts. -
Hereinafter the resin compositions which contain a filler
are referred to as encapsulating materials. '

- Description of the Related Art.

With the advancement of integrated circuits, the

areal ;atib of- the chip in relation to its encapsulating
_material is increasing and the thickness of péckages is
decreasing. Also, demand is rising for higher quality
encapsulating materials so that the chips can be well
protected by a thin-section of such a material.

The encapsulating material is required to be
resistant to thermal stress since thermal stress is built
up due to the difference in thermal expansion coefficient
between the silicon chip and the encapsulating material. 1In
order to bring the thermal expansion coefficient of the
encapsulating material as close as possible to that of the
silicon chip, a method is employéd in which silica with a
low thermal expansion coefficient is added to .resin as
filler at the highest possible filling rate.

Hitherto, ground silica having irregular particle
shape and sharp edges has been used as filler silica.
However, the encapsulating material when filled with such
ground silica to a high filling rate is increased in '

viscosity and therefore deteriorated in fluidity at the time
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is preferably a refined or high-purity product called el ectronic grade".

Al so, the water used for dilution of the materials and the acid used in the
process or for washing of silica is preferably pure water with few 25 :
inmpurities. By the treatnent in this step, theupefitetsheti- erwJ,_t,,{,@qgge

i ncl udi ng radi oactive elenents in the silica partlcles IS re {

| onered. Specifically, the - 15 5 content of Thigds : —~
netal s such as Na'and K and al kal i ne“earth netals such as and Ca is
reduced to less than 1 ppm and the content of rﬁghpactﬂvé ¥ngfiffs such as

Uand Th is reduced to less than 1 EE
of molding, making it di icult to obtain a homogeneous

- package having the desired.properties. Also, the ground

~

silica particles having sharp edges tend to cause early wear
of the molding die and may break through the surface '
protective film of the chip to damage aluminium wiring on
the chip. In view of the above, there is a_demand ih the
industry for high-purity spherical silica having little
capacity to reduce the fluidity of the encapsulating
material and which is substantially free from sharp edges.
Various methods such as méntioned below have been
proposed for producing high-purity spherical silica:

(1) Powdered high-purity silica is fused in flaméé (for
example JP-A-58-145613).
(2) An alkyl silicate is hydrolyzed to form a sol-like

solution thereof. This solution is atomized in a heated
medium-to form granules which are dried and then fused in
flames (for example, JP-A-58-2233).

*(3) . . A silicon alkoxide is hydrolyzed to form a
partially condensed sol. After removing alcohol from the
sol, it is dispersed in water and the precipitated silica
gel is collected and calcined ({(for example,'JP—A-63—225538).

The calcination of silica produced according to the
above prior art has been achieved under conditions which
allow progress of perfect calcination until the pore wvolume
became less than 0.01 ml/g, in consideration of possible
change of silica into hydrophobic type, strength of calcined
silica particles and other matters.

There is required further a higher purity of filler
in the encapsulating material to prevent or minimise
occurrencé of soft errors in advanced integrated circuits
and associated electronic parts.

A high-purity spherical silica adapted to meet the
industry's needs would have a low content of impurities such
as aikali metals, alkaline earth metals, halogens and
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5 ' Al so, electrical conductivity of the extract of boiling
l'ixiviation of silica can be reduced to lower than 10 [err]S/cm (3) Drying
and cal ci nation of hydrous spherical silica particles (Step 3) 10 _

Water is still retained in the hydrous spheri gybstitltieCshdi!-t iod ggng\hlggb
have been subjected to extraction renoval of inpurities in Step 2. This
water can be categorised into two types: adherent Tigd irthareplacemantshest.
Usual | y adherent water can be easi1y 5 renoved by Eéating to a
tenperature of around 100[err]C, but bound water i s hard_to renove
pe??ecily even if heated to a tenperature above 4db¥e%r}&37ﬂmﬂ'ﬁwﬂlousl_
spheri cal sabiocaqrdve chestareedibj ected to a drying treatnent for renbving

j . i nj nt for
adherent 20 wateram¥LJlgg e -meh f%ﬁé ég%é%ﬁggéﬂa rﬁééﬁ%&é or

producing spherical silica have ‘the following problems:

The particles obtained according to the method (1)
are low in sphericity and ineffective for improving
fluidity.

According to the method (2), the silica particles
produced from atomization vary in size depending on the
condition of the sol solution, and it is difficult to obtain
the spherical silica particles falling in the desired size

r

range. _
' The spherical silica particles obtained accOrding
to the method (2) or (3) shrink greatly when calcined,
forming particles with poor surface smoothness or surface
unevenness. Lack of surface smoothness leads to low
fluidity.. .

The meﬁhods (2) and (3) involve the additional
problem of high cost of the material used and also
necessitate-disposal of waste water containing organic
matter derived from the starting material. .

The use of conventional spherical silica has
prevented lowering of the fluidity of encapsulating
materials to some extent as compared with the use of grbund
silica having sharp edges. This is true even whén the
filling rate of filler in the encapsulating materials is
high. However, such improvement in encapsulating material
fluidity as there is not so remarkable. Accordingly,
'spherical silica having high sphericity and excellent
surface smoothness and suited for use as a filler for
encapsulating materials has been a want in the industry.
SUMMARY OF THE INVENTION

An object of the present invention is to provide
high-purity spherical silica suited for use.as a filler for
encapsulating materials of electronic parts, which silica,



renovi ng bound wat er and conpacting the silica particles. The silica
particl es obtained according to the process of this invention are the fine
spherical particles having a particle size distribution in a range 25 of 1
to 100 [err]mand an average particle size (dianeter) of about 10 to 15
[err]m but as they have high sphericity and Skbstititaishagt-a24 dunetl9ess,

they can be subjected to a drying treatnment w thou I {acBment Eheatach
- 16 - other even if left stationary? The tenperatbwgg%QQE?EEL_Lhe4$ﬁH+ﬁr——
treatment for renoving adherent water is preferably 50 tg‘§OQL§rr%C,
practically 100 to 300[err]C, and the treating ti npDgtey be MEY: M

even when blended in a resin for encapsulating.to a filling %
rate of 60-90 wt% based on the resin, will not cause
substantial lowering of fluidity of the encapsulating
material, and in which the content of radiocactive and ionic
impurities is significantly low. It is further an object

of the invention to provide a process for producing such
spherical silica.

The present inventors have pursued studies for
overcoming the prior art problems such as mentioned above
and, surprisingly, have found that by mixing an emulsion
containing an aqueous alkali silicate solution and an
emulsion containing an aqueous mineral acid solution £d
produce a spherical silica gel, treating the produced gel
with a mineral acid to obtain hydrous spherical silica and
subjécting the obtained silica to a heat treatment, it is
possible to control sphericity and surface smoothness of
spherical.éiliéa and to obtain high-purity spherical silica
.suited for use as a filler in encapsulating materials.

Accordingly, the present invention provides a
process"for producing high-purity, spheriéal silica, which
comprises mixing an emulsion comprising an aqueous alkali
silicate solution with an emulsion comprising an aqueous
mineral acid solution to produce a silica gel comprising
substantially spherical silica, treating the gel‘with a
mineral acid to form hydrous spherical silica, and drying
and then calcining the spherical silica. Preferably, the
aqueous alkali silicate solution is provided in the form of
a water-in-oil (W/O) type emulsion containing an aqueous
alkali silicate solution dispersed in the form of fine
particles as a disperse phase and in which the aqueous
mineral acid solution is provided in the form of a water-in-
oil (W/0) type emuléion, the aqueous mineral acid solution
being dispersed in the form of fine particles as disperse

" phase.
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B properly selected froma range of one mnute to 40 hours in
consideration of the drying tenperature used. A drying systemoperated in a
reduced pressure or a fluid-bed drying system nay be enpl oyed for the

drying treatnent. 10 Silanol groups ([err]Si _%St{tﬁééégﬁe%éts%&g?’?"ig;f#gé of _

the silica particles obtained fromthe wet process, "
groups are conbined with water in the atnosphere to fdrmﬁthmdaWM'@ts.h’e

These silanol groups can be renpved Igy -cal cining the sifica~15‘ggiglggghgﬂx‘\‘
ggﬁgagpagpﬁeﬁﬁggﬁfgfF{gaoga?{inggem}igog[ggg}F:sgggﬁfE&ﬁgﬁrﬁzg%ggX€aﬂmtpr B
obtai ni ng the silicamal Yttt il elkeRed! PRI Vi df Goed iy PUl K density

spherical silica obtainable by the above process and

comprising not more than 1 ppb of radiocactive substances.

Preferably, the electrical conductivity (at 25°C) of a

solution obtained by boiling for 20 hours at 160°C a mixture

of 10.0 g of the silica and 100 ml of distilled water is io

uS/cm or below. The high-purity spherical silica according

to the invention generall& comprises about 90% by weight or

more of particles having a sphericity of from about 0.9 to

about 1.0. The ratio of the measured value of specific

surface area by the BET method to the theoretical value of

specific surface area cbrresponding to the particle size is

3 or less. :

Thus, in one aspect of the present invention, there
is provided high-purity spherical silica which is obtainable
from an agqueous alkali silicate solﬁﬁion and in which the
content of radiocactive substances is less than 1 ppb, the

"electric conductivity of the extract of boiiing lixiviation
of silica is 10 pS/cm or below, the content of the particles
with a sphericity of 0.9 to 1.0 is 90% or more, and the
ratio of the measured value of specific surface area
determined by BET method to the theoretical value of
specific surface area corresponding to the particle size is
3 or less.

In a preferred embodiment of the process of the
invention, the emulsions are water-in-oil (W/0) type
emulsions in which an aqueous alkali silicate solution and
an aqueous mineral acid solution, respectively, are
dispersed in the form of fine particles as dispersed phase.
PREFERRED EMBODIMENTS OF THE INVENTION |

The high-purity spherical silica according to the
present invention is one which can be obtained from an
aqueous alkali silicate solution and in which the content of

radioactive substances is less than 1 ppb, the electrical
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20 specific surface area, calcination is preferably carried out at a
tenperature of 1,000[err]C or above, nore preferably 1,050 to 1,200[err]C
The calcination time is properly selected froma range of one ninute to 20
hours in conformty to the cal cination tenperature. 5

- atnosphere for cal cination may be oxygen or %H”Fﬁ?ﬁ?ﬁ% Jupe 1996

necessary, an inert gas such as nitrogen or argon gas'H& U%%ﬁF'?@ﬂ*%heﬂi
al so recommended for practical reaséns. - 17 - The S|||La parti-ctes

obt ai ned according to the process of this invention WW“% o Ni S r|C|ty
and excel l ent surface snoothness, so that they can be qh3 W

conductivity of the extract of boiling lixiviation of sfilca
is 10 uS/cm or less, the content of the particles having a
sphericity of 0.9 or above is 90% or more, and the measured
value of specific surface area by BET method is not higher
than 3 times the theoretical value of specific surface area
corresponding to the particle size.

The radioactive substances usually present in
silica are U and Th. It is desirable that the content of
these radiocactive substances in the high-purity spherical
silica of this invention is as low as possible.
Specifically, the content should not exceed 1 ppb. Ig it
exceeds 1 ppb, soft errors may be caused. )

On the other hand, alkali metals such'es Na, K and
Li, alkaline earth metals such as Ca and Mg, and other ionic
impurities such as Cl may cause corrosion of aluminium
wiring, so that it is desirable that the high-purity
spherical silica of this invention be substantially free of
such impurities. The content of these impurities can be
determined directly by appropriate analytical means, but in
the present invention, the electrical condﬁctivity of the
extract of boiling lixiviation of silica was measured and
given as an index of ionic impurity content. This system
was employed for the following reasons:

‘1) electrical conductivity can be dlrectly adopted as
a measure of quality or properties of ‘the product;

ii) this system is a more simple and clearer way of
indication than direct analysis; and

iii) this is a very strict method for evaluation of
quality.

The electrical conductivity of the extract of
boiling lixiviation of silica in the present invention is
measured at 25°C with the specimen (extract) prepared by
adding 10.0 g of sample silica to 100 ml of pure watexr and
boiling the mixture at 160°C for 20 hours. In the high-



cal cined w thout causing sihtering of the particles even 5 if the particles
are not kept in a fluid state during the calcining treatnent, anq for
carrying out such treatnment,” there can be used a firing furnace |n whi ch
the silica particles are treated in a statio

possi ble to use an apparatus 10 in which cal Mﬁtﬁhﬁé §Pe?§] 2 51698
particles is perfornmed by keeping the particles in ﬂ’tﬁ?.istﬂlesrteai@pmnm_shm

fluid firing furnace, rotary kiln, “ffame firing furnace and—thet+ike:
El ectric heat or conmbustion gas may be 15 utilized:as: heat ﬁmrfor
the calcination treatnent. According to the process Qﬂ"ﬂrua pres t

i nventi on, purity psglsebiealosbbiaanofhehlﬂsghnﬂé&ﬂttlbrﬁpft@fé Galld |df33th1s~:
particles @T@éﬁkfﬁﬁflégﬂ&uéeibf8§ is not higher than 10 uS/cm.

The sphericity specified in the present invention
is expressed by the ratio of the minimal diameter to the
maximal diameter of one silica particle.” The value of
sphericity was determined by randomly selecting 20 particles
on an electron micrograph of the silica particles, measuring
the maximal diameter and the minimal diameter of each of
the selected particles, and calculating the ratio of the
minimal diameter to the maximal diameter of each particle.

In the high-purity spherical silica of the present
1nventlon, the content of the particles having a spher1c1ty
in a range of 0.9 to 1.0 is 90% or more. The particles with
a sphericity of less than 0.9 have a wide deviation from a
perfect sphere. The enéapsulating material containing such
silica particles as filler is poor in fluidity at the time
of molding. ) :

In the present invention, specific surface area is
employed as a measure of particle surface smoothness of the
high-purity spherical silica of this invention. ’

' Generally, specific surface area SA of a solid
(poreless) true sphere is given by the following equatlon
(1) :

sA (m?/g) = 6/(d x D) - (1)
where d is diameter (um) and D is true specific gravity.

From the equation (I), the specific surface area SA
(mz/g) of a true sphere of silica having a diameter of d
(pm) and a true specific gravity of 2.2 is given by the
following equation (II), so that the theoretical value of
specific surface area of the silica sphere with a diameter
of 10 pum is approximately 0.27 mz/g.

SA = 2.73/d _ (11)

The spherical silica used as a filler for

encapsulating materials has its pores closed usually by
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20 snoot hness, a high sphericity and a very |ow content of inpurities

I ncl udi ng radloactlve el ements such as urani um by using an aqueous al kal i
silicate solution as starting material . The hi gh-purity spherical silica
particles 25 produced according to the procenggf .the present invention are
notably high in purity, excellent in surface stithteshestq 28<duns J99

spherl city as conpared with the silica particles obygghéthe\répracement sheels
- prior art, so that the silica part8ctes of this invention find

partlcularly effective use as a'filler in resin conp03|t|
encapsul ati ng advanced i nt egrated qu ?ﬁﬁ ZUU‘

calcination, so that the surface smoothness of the s111ca'
particles can be evaluated by the amount of deviation of the
measured value of specific surface area from its theoretical
value. For instance, on the surface of the spherical silica
particles prepared by flame fusing, there exist many
microspheres or uneven sections formed by recondensation of
vapors of.Si eﬁaporated by high-temperature flames, and the
specific surface area of the fused particles with a diameter
of 10 pum exceeds 1 m?/g and is usually about 2 w2/g. The
encapsulating material made by using such particles as
filler is still unsatisfactory in fluidity at the time of
molding. | ) *

In the present invention, the specific. surface area
of the spherical silica is measured by the BET (Brunauer,

- Emmett and Teller) method which is known in the art and
according to Wthh the specific surface area of the solid is
calculated from the adsorption of the monomolecular layer
‘and the sectional area of the adsorbate by using an
adsorption isotherm (BET adsorption isotherm) based on the
polymolecular layer adsorption.

The specific surface area of the spherical silica
of this invention is not more than 3 times the theoretical
value, and the present spherical silica has excellent
surface smoothness. The encapsulating material éroduced by

-using the spherical silica of this invention as filler shows
quite favorable fluidity for molding.

The process for producing high-purity spherical
silica according to the present invention comprises the
following three steps:

Step 1: Preparation of spherical silica gel particles.

An emulsion containing an aqueous alkali silicate
solution and an emulsion containing an aqueous mineral acid
solution are brought into contact with each other to produce
porous spherical silica gel particles.
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circuits and associated electronic parts. 5 The present
i nvention is further illustrated below wth reference to the exanples and
conparati ve exanples. The foll ow ng exanpl es, however, should not be

construed to limt the scope of the present i @éﬁtk_l? sh?g{_et24_J{9,eE?<gggl el

(1) Preparation of spherical silica gel particles LPreparation of
enul si ons A noni onic surfactant (RHEODOL SP-010, sor Hsaks theveplacement sheet
produced by Kao Corp.) as emulsify- 45-ing agent, an oil (1SOSOL 400, a

saturated C16 hydro- carbon (isoparaffin) produced;b L,ppon ﬁk?mg‘5§T—aﬂd—__
water glass (equivalent to JI'S K-1408 #3) were m xed™TTr a wei'gHt "¥at Tof 1
44 : 55 3RSy 1 askdta s S0 Shovh oA mbRrO8F6E RaMsph@ sl M NULe 1O

're are 26
prep si%ica gel. -

' The spherical silica gel particles obtained in Step
1 are treated with a mineral acid for extraction removal of
impurities contained in the particles to obtain hydrous
high-purity porous spherical silica particles.
Step 3: Calcination of hydrous spherical silica particles.
The hydrous spherical silica particles obtained in
Step 2 are calcined to afford the preferred properties
specified in the present invention to the particles.

The above steps are illustrated more particularly

below.

(1) Preparation of'spherical silica gel particles:
(Step 1)

(i) Preparation of emulsions

_ In the process of this invention, an emulsion
containing an aqueous alkali silicate solution and an
emulsion containing an aqueous mineral acid solution are
prepared. An aqueous alkali silicate solution and an
aqueous mineral acid solution are separately dispersed, in
the form of fine particles as disperse phase, in respective
liquids serving as external phase, which are immiscible with
the above-mentioned aqueous solutions, to prepare water-in-
oil (W/O) type emulsions. '

An aqueous alkali silicate solution, a liquid for
forming external phase and an emulsifying agent are mixed
and emulsified by using an emulsifier or other appropriate
means to prepare a W/O type emulsion containing an aqueous
alkali silicate solution.

Similarly, an aqueous mineral acid solution, a
liquid for forming external phase and an emulsifying agent
are mixed 'and emulsified to prepare a W/O type emulsion
containing an aqueous mineral acid solution.

. The alkali silicates usable here include sodium
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20 a water-in-oil (WO) type enul sion containing an aqueous al kali silicate
solution. Meanwhile, the surfactant, the oil and a 5 wt % aqueous sul phuric
acid solution were mxed in a weight ratio of 1 : 44 : 55 and treated by an

4
LREE BROYE. ' 24 DAFRA] §0842 ¢
p ol uti on: -

emul sifier under 25 the same conditions as dqg&g%

of a WO type enul sion containing the aqueous Su urrc acid's

19 - (ii) Preparation of spherical silica gel particleshmng tﬂermi:labémeatﬂ!ﬂﬁt
The water glass enul sion was added #® the sul phuric acid s ' on

with stirring. After : m" 23 ﬁAY 2001 |
silicate, potassium silicate, lithium silicate, etc., 53?' Sl
sodium silicate is usually used.

The concentration of silica (as SiO,} in the
aqueous alkali silicate solution is preferably in a range c¢
1 to 40 wt%, more preferably 15 to 30 wt%.

The mineral acids usable in the emulsion
preparation include sulphuric acid, nitric acid,
hydrochloric acid, etc., but sulphuric acid or nitric acid
is preferably used.

The acid concentration in the solution is in a
range of 1 to 30 wt%, preferably 3 to 15 wt%. -

- The amount of mineral acid to be used is propérly
decided in accordance with the amount of alkali. in the
aqueous alkali silicate solution forming one of the
emulsions used in this invention. The amount of mineral
acid is.adjusted so that the mineral -acid to alkali molar
ratio will fall within a range of 0.1-2.

As the liquid for forming external phase, there is
used a liquid which neither reacts with nor is miscible with
either the aqueous alkali silicate solution or the aqueous
mineral acid solution. It is recommended to use an oil
having a boiling point of 100°C or above and a specific

~gravity of 0.9 or below. i _

Oils which may be used include aliphatié
hydrocarboné such as n-octane, gasoline and kerosene, .
alicyclic hydrocapbons such as cyclononane and cyclodecane,
and aromatic hydrocarbons such as toluene, xylene,
ethylbenzene and tetraline.

_ The weight ratio of aqueous alkali silicate
solution to oil and the weight ratio of aqueous mineral acid
solution to oil are both in a range of from about 8 : 2 to
about 2 : 8. .

For'emulsifying agent, it is possible tb use any
type of emulsifying agent provided that it acts to stabilize



5 addition was conpleted, stirring was further continued at room
tenperature for one hour. Then 1,000 g of a 16 wt % aqueous sulfuric acid
sol ution was added to the reaction liquid and the nixed |iquid was heated

to 100[err]C and stirred for one hour. By thisﬁ.[ﬁsrtﬁa{é@ﬂée thﬂ_%‘gne 9
enul sion-like reaction |iquid was separated into an oll phase (upper ayer)

and an aqueous phase (lower |ayer). The oil phase Wa.ﬁgregﬂ_ge% n’idiﬂ sheet
silica gel particles in the aqueous phase were filt shed in the—

usual way. 15 (2) Extraction of inpurities of spherrcal

particles The thus obtained silica gel particles werpg, zgf'ﬂﬁt.mmkshly
prepared 16 h¥ %ﬁ@lueyzayé SthDBYEHS . aCFGrSQhQTthHEe S‘Tth%rr%d € por
one hour to extr

nguiLtles nd then washed tw ce w_t ure mater of
&)

rong vy oleo ic surfactants such as polyvalent metal

n
2 salts of fatty acids, cellulose ethers of limited water-
solubility, and the like. It is recommended to use a
nonionic surfactant. '

As examples of nonionic surfactants for use. in the
invention there my be mentioned sorbitan fatty acid esters
such as sorbitan monolaurate, sorbitan monobalmitate,
sorbitan monostearate and sorbitan monooleate;
polyokyethylene sorbitan fatty acid esters such as
polyoxyethylene sorbitan monolaurate, polyoxyethylene
sorbitan monopalmitate, polyoxyethylene sorbitan
monostearate and polyoxyethylene sorbitan monooleate;
polyoxyethylene fatty acid esters such as polyoxyethylene
monolaurate, polyoxyethylene monostearate and
polyoxyethylene monooleate; and glycerol fatty acid esters
such as stearic acid monoglyceride and oleic acid
‘monoglyceride. '

The amount of the emulsifying agent to be added is
in a range of 0.1 to 5 wt% based on the aquéous'alkali '
‘silicate solution or aqueous mineral acid solution which is
to be emulsified.

(ii) Preparation of spherical silica gel particles

An emulsion éontaining'an_aqueous alkali silicate
solution and an emulsion containing an agqueous mineral acid
solution prepared,ih the manner described above are mixed
with stirring. The reaction of mineral acid and alkali
silicate forms a porous spherical silica gel. 1In the
process of this invention, the porous silica gel produced at
this stage may be one which is solidified only at the
surface, with the inside of the particle being not
sufficiently solidified because of the presence of alkali.

The order of mixing is not critical; emulsion
containing an aqueous alkali silicate solution may be added
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anount 10 tines.the weight of silica gel. After repeating the above
extracting and washing operations twi ce, the obtained silica gel particles
were washed with pure water until pH of the washings becane 4 and 25 then

dehydrated by using a Nutsche funnel to obtaig hydrous, spherigcal silj

_gl)_ﬁ-rt i ﬁl es. (3) Calcination of hydrous spheri Cglpb%%[.l?%ghggﬂ i%ﬁiejé""e J|§§§O -
e thus obtained hydrous silica particles were dri eghi my&lﬁ] iment

120[err]C to obtain 70 g of dry si-l 1@ -parti cl es. The'gsj‘egadry Qiﬁo?ce? sheet

at 1,100[err]C for 30 m nutes.
to an emulsion containing an aqueous minéral acid solution,™ ™
or the latter emulsion may be added to the former emulsion:. -
or both- of said emulsions may be added simultaneously.

particles were placed in a quartz-made beaker (one titre n abed.ned 5

It is essential that an emulsion containing an
aqueous mineral acid solution and an emulsion containing an
aqueous alkali silicate solution are brought into contact
with each other. In case an emulsion containing an aqueous
alkali silicate solution is added to an aqueous mineral acid
solution, there can not be obtained the spherical particles
which are solid and have excellent sphericity and surface
smoothness, which the present invention is intended te
provide. .

(iii) Demulsification

To demulsify the emulsion after the reaction, an
aqueous mineral acid solution may be added to the reaction
liquid,- for example. The mixed liquid is then heated.
According to this method, extraction removal of impurities
tan be accomplished concurrently with demulsification.

The demulsifying treatment is carried out usually
at a temperature in a range of 60-120°C, preferably 80- -
100°C, for a period of from about one minute to about 5
hours, but the time and temperature are preferably decided

in consideration of the operations in Step 2 described
below. '



This is the replacemant sTAet
;Analy5|s of the resulting silica particles showed that the econecentratiens——
"of the elenents of alkali netals such as Na, K and Li, al kal 3. ﬂﬁ!tﬂhl

metals such as Ca and My and transition netals sucrlﬂhﬁBCr ‘Fe and Cu 10

were all below 1 ppmand the total concentragjpétiwie rsﬁgépaczn,\(mng ¢9986t S U
and Th was below 1 ppb..Electrical cohdixt+vity of the extract of boiling

l'ixiviation of silica partlcles determ ned in the manner- descri bed before,
rﬁz éb?arﬁéé]iffrgalga |c es wa;ggﬁéyﬁiﬂ n1and1§£e?fliﬁe(9$aﬂﬁigh) ?f
pecific gravity
method was OEBINLE A1F g e R L e e o e te.
Al'so, the obpai gedi3phel iqdl pdid LA PaidSéLSed aqueous mineral acid
solution. The oil phase constituting the upper layer of
5 the liquid may be separated and recovered in the usual
way for repeated usé.
(2) Extraction removal of impurities in spherical silica
gel particles (Step 2)
} The porous spherical silica gel obtained in
10 Step 1 is treated with a solution cohtaining an acid.
As acid, there can be used mineral_acids,such
as sulphuric acid, hydrochloric acid, ﬁitric acid, ete.,
of which sulphuric acid or nitric acid is preferred. As
the treating solution, an aqueous solution containing at
15 least.one acid such as mentioned above is preferably
used. The acid concentration of the treating solution
is 30 wt% or less, preferably in a range of 5 to 20 wE%.
The acid treatment in this step may be
accomplished by a one-stage treating method, but it is
20 desirable to divide the treating operation into at least
two stages for extraction removal of trace amounts of
impurities. It'is aléo possible to emplby a multi-stage
treatigg system in which the treating solution is
renewed for each stage. The treatment in this step is
25 preferably carried out with stirring.
The treating temperature is not'specified in

this invention, but it is recommended to conduct the



: he re Iacement sheet
mere those in which the content of the particles V\nthThmigt P f

or above was nore than 90% and both sphericity and snDothne g@f
fromthe electron 25 nicrographs of the particles mercunuael di ng

to the sectional observation.of the partlclessﬁm@ﬂagggghgg&n124qgﬁ@phggsalI
of the spherical - 21 - particles were_selgli d a there was admtted no

hol'l ow sphere. Exanple 2 The procedure of Exanple 1 was foll owed except 5

(ot er 1 uoe Of $REra8UEBNS oBRLUEION" U St o dbsv ! Rl s dibLl! pg #3

water glass wt
shorten the time required for impurity extraction by

conducting the treatment under pressure at a temperature
higher than the boiling point of the treating solution

S under normal pressure. The higher the temperature, the
better is the result in the case of extraction under
pressure, but in view of possible corrosion of the
apparatus by the acid and enefgy cost, it is more
practieel to carry out the treatment at a temperature in

10 a range of 100 to 150°C, preferably 110 to 140°C.

The time required for the acid t;eatmenf is
about 30 minutes to about 20 hours in Ehe case of
batchwzse operatlon and about 30 seconds to about 20
hours in the case of continuous operatlon.

15 T - . The hydrous spherical silica particles which
have undergone the acid treatment are_then-waShed with
water of a suitable temperature and, if necessary, -
further subjected to deac1d1f1catlon and dehydratlon
treatments which may involve filtration.

20 - 'The acid used in the process of this invention
is preferably a refined or high-purity product called |
“electronic.grade". Also, the water used for dilution
of the materials and the acid used in the procees or for
washing of silica is preferably pﬁre water with few |

25 impurities.

| By the treatment in this step, the centent of
impurities including.radioactive_eiements in the silica

particles is remarkably lowered. Specifically, the
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.that the silica concentration (as SiQ2) would becorme 20, 15-and—36—w%—
respectively, for preparation of enulsion containing an aquegu 'ﬂ# i
silicate, to obtain the 10 spherical silica particle§¥nﬂﬁe'?g§ul‘géﬁpl S
measur enents and observations conducted on t t Al %F i 13£3uR871996 €S
were as shown bel ow. Exanple 3 15 é]‘%?g‘%b%og‘g ut?e of Exanple 1 was
fol |l owed except for use of the agueous sulfuric acid solutions prepared to
the sul phuric acid concentration of 15~ & and 3 wt % respectively, for
preparation of epul sion containing an agueous, sul phuric acjd solutiog, to

and

obtai n the spFeRFERE 96 &ach elemant |k aktall Juekals FuGRaad, Naefl

observati ons of the tqi.ned silica particles weré-as sho el ow.
Q anQ aigailne earth metals suéh as%ﬁg an &Q Qs reduced

2

to less than 1 ppm,.-and the content of radioacﬁive
elements such as U and Th is reduced to less than 1 ppb.
5 Also, electrical cdnductivify'of the extract
of boiling lixiviation of silica can be reduced to lower
than 10 uS/cm.
(3) Drying and calcination of hydrous spherical silica
pafkicles (Step 3)

10 Water is still retained in the hydrous
spherical silica particles which have been subjected to
'éxtraqtion removal of impurities in Step 2. This water
can be categorised: into two types: adherent water énd
bound wééerlwlnsually adherent water can bé eésily

15 remoﬁéd'bY'heating to a temperature of around 100°C, but

. bound water is hard to remove perfectly even if hea;ea"to
a temperature above 400°C.
fhe hydrous spherical silica pérticleé are
subjected to a drying.treatment'for removing adherent
20 water and further subjected to a calcining treatment for
removing bound water'ahd compacting the-silica particles.
The silica particles obtained according to thé
process'of this invention are the fine spherical
particles having a particle size distribution in a range

25 of 1 to 100 um and an average particle size (diameter) of
about 10 to 15 um, but as they have high sphericity and
exce;lent surface smoothness,.they can be-subjected.to

a drying treatment without agglomerating with each



.Exampl e 4 The procedure of Exanple 1 was followed except 25 that the nethod
of addition of the enul sions was -22- changed, that is, an emnul sion
cont ai ni ng an aqueous sul phuricacid sol ution was added to an enulsion .
cont ai ni ng an aqueous water gl ass sol ution t$ubstiwite sheet spRérduinl 1906 ca

particles. The results of nmeasurenents 5 1end observations of tt] ?ém&g
silica particles were as shown bel ow. Conparative Exa §é51°rﬁ%°§ ocedure

of Exanple 1 was foll owed except that an emul sion contalnln an a? i&ﬁs
wat er gl ass other even if left stationary. " Dates gi

The temperature used for the drying treatment

-

for removing adherent water is preferably 50 to 500°C,
practically 100 to 300°C, and the treating time may be
S properly selected from a range of one.minutg to 40 hours
in consideration of the drying temperature used.
A drying system operated in a reduced pressure
or a fluld—bed drying system may be employed for the

drying treatment.

10 .
- Silanol groups (=Si-OH) reside on the surfaces

-of the silica particles obtained from the wet process,
and these silanol groups are combined with

watg;_in the atmosphere to form the bound water. These
silanol grdups can be removed by calcining the silica
15 obtéihé& in-Step 2 at a temperature of or above 1,000°C.
This treatment gives the compact spherical silica
particles with a small specific surface area.
For obtaining the silica particles low in
- hygroscopicity, large in bulk density gnd small in
20 gpecific surface area, calcination is preferably carried
out at a temperature of 1,000°C or above, more
preferably 1,050 to 1,200°C. The calcinatiorn time is1.
properly selected from a range of one minute to 20 hours
in conformity to the calcination. temperature. |
25 The étmosphere for calcination may be oxygen
or carbon dioxide gas. If necessary, an inert gas such

as nitrogen or argon gas may be used. Air is &lso

recommended for practical reasons.
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10 solution was added to the non-enul sified aqueous sul phyri cid .
“solutions with the sulfuric acid concent- rations of 3, > :andg1p Nﬁﬁ%zmﬂ.
respectively, to obtain the silica particles. The teéMﬂP%=of.néasu$eﬂen{3'“’
and observations of the obtained particles vegsstitaits Bhest 1524cluns 1986
results of neasurenent of inmpurity content, electrical conductivity of the
~extract of boiling lixiviation, averageljarticle size (dianeter) and
specific surface area and the.results of observation 20 of the el ectron

m crographs for det er i nighg, shalddidk @161 691 dBkaYrEd hBeoFULnGA HANHE ! e

obtai ned in Exanples 2-4 and Conparative Exanple 1 were as follows. As a
result of analﬁgbgegg1333ggggufﬁﬁgﬁﬁigﬁLgébﬁgﬁigﬁtggﬁertbgtgomgﬁhtratlons

of the contained 25 elenments Na, K, Li, and Cu were all bel ow
0.1 excellent surface smoothness, so that they can be
calcined without causing sintering of the particles eveﬁ
§ if the particles are not kept in a fluid state during |
the calcining treatment, and for carrying out such
treatment, there can be used a firing.furnace in which
the silica particles are treated in a stationary state.
‘ It is 6f course.possible to use an apparatus
10 in which calcination of the silica particles is :
performed by keeping the'pérticles in a fluid state,
such as fluid firing furnace, rotary kiln, flame firing
furga;e and the like.
.\__. .Eiectriclheat or combustion gas may be
15 utilized égmheating source for the calcinétion
treatment.

Accordiﬁg to the process of the present
invention, it is possibie to obtain the high-purity -
spherical silicg particles having excellent surface

20 smoothness, a high.sphericity and a very low content of
impurities including radioactive elements such as
uranium by using an aqueous alkali silicate solution as
startiqg material.

The high-purity épherical siliga particles"

25 produced according to the process of éhe present
invention are notably high in purity, eiceilent in

surface smoothness and also high in sphericity as

compared with_the silica particles obtained with ﬁhe
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.ppm with Fe being 0.8 ppmin the exanples and - 23 - ! e.
"Also, the concentration of Uwas less than 0.1 ppb in each.%Q§emymﬁu%Q t he
concentration of Th was in a range of 0.4-0.6 ppb, piaentiifig no

significant difference among the exanples. pstitute sheettN24£UaakI1996
conductivity of the extract of boiling kQ§LV|ation of the silica particles,
as deter- mined by the above-described hod, was in a range of 1.7-2.2

Ao Tegards spRRIQE (97 EncsacEhak Ehg oSkt SR PAELAYoSI BE B cr ogr aphi cal

QbserVation OgﬁJgation find particularly effectiyg_hse as a filler in
resin compositions for encapsulating advanced integrated
circuits and associated electronic parts.:

5 The present invention is further illustrated
below with reference to the examples and comparative
examples. The following examples, however, should not
be construed to limit the scope of the present invention

)
thereto.

10 Example 1
(1) Preparation of spherical silica gel particles
(i)fPreparation of emulsions
; -A-nonionic surfactant (ﬁHEODbL SP-O;O,
so:ﬂif&ﬁ‘monboleaté produced by Kéo Corp.) as emulsify-
15 ing agent, an oil (ISOSOL 400, a saturéted Clé hydrof.
carbon (isoparaffin) produced by Nipponvéekiyu KK) and
water élass (equivalent to JIS K~1408 $#3) were mixed in
a weight ratio of 1 : 44 : 55 and stirred by an emulsi-
fier at 18.000-f.p.m. for one minute to prepare 268 g of
20 a water-in—oil_(W/O) type emulsion containing an aquedus
alkali silicate-solutiqn.

Meanwhile, the surfagtant< the o0il and a 5 wtg
aqueous sulphuric acid solution were mixed in a weight
ratio of 1 : 44 : 55 and treated by an emuléifier under

25 the same conditions as described above to prepare 842 g
of a W/0O type emulsion containing the aqueous sulphuric

acid solution.



_obtained silica particles, the spherical silica par This i6sheseal ent sneet—
" Exanpl es 2-4 were those in which the content of the partlclgg WaYh 2801
sphericity of 0.9 or 15 above was nore than 90% a hus they were

excellent in both sphericity and surface srmg&llggm% s 50- LASRMeSPHOBI caH
particles are all solid, and there was adm tted presence of no holl ow

sphere. In the case of the Silica parliibeg obt ai ned 20 i'n Conparative
Exanple 1, the content of the particles ™ with a sphericity of 0.9 or above
was | ess than 90%in each run, and many hol | ow spheres were admtted, The
average size ({diayePeepachtibe obt aphedichlli sdlima igalepantckessandd

val ue of specific surface 25 area by BET nethod, and the ratio of the
measur ed val ue_of s@emilpdfdgatien area to the theoretical val ue cal cul ated

fromthe above-shown equation were as shown_ |
The water glass emulsion was added to the

sulpﬁﬁric acid solution emulsion with stirring. After
5 addition was completed, stirring waslfurthéf continued
at room temperature for one hour. Then 1,000 g of a 16
wt$ aqueous sulfuric acid solution was added to the
reaction liquid and the mixed liguid was heated to 100°C
and stfrred for one hour. By this treatment, the
10 emulsion-like reaction liquid was separated into an oil
phase (upper layer) and an aqueous .phase (léwer layer).
' The oil phase was removed and the silica gel
particles in the aqueous phase were filtered and washed
in ;pe usual way. ' |
15 (2) Eéﬁféction of iﬁpurities of spherical silica gel
particles | - .
| The thus obtained silica gel.particles were
immersed in a freshly prepared 16 wt% agqueous Sulphurié
acid solution, stirred at 100°C for one hour to extract
20 impurities and then washed twice with pure water of an
amount 10 times the weight of silica gel. After
repeating the above extracting and washing operatioﬁs
twice, Fhe'obtained silica gel particles were washed
with pure water until pH of the washihgs became 4 and
25 then dehydrated by using a Nutsche funnel to obtain
hydrous spherical silica particles.

(3) Calcination of hydrous spherical silica particles
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in Tables 1 and 2. - 24 - The specific gravity of the obtalned S|I|ca
particles was 2.20 in all cases. Table 1 Sierr] Silica pa tio
of concent - Specific measur ed RUnlwﬂDﬂm-ln -ace
area val ue of Exanple " Wat er ge ] /

specific No. glass for diam - 2092 sslfjbrﬁtgg{e%ﬁéég e?réu éJiugﬁ 19e?gr
Meas- Theo- to theoreti- (W% ([err]m ured retical cal .value val ue
val ue The thus obtained hydrous silica particles

were dried overnight at 120°C to.obgéin 70 g of dry
silica particles. These dry silica éérticles were
placed. in a quartz-made beaker (one litre) and calcined
5 at 1,100°C for 30.minutes. |

Analysis of the resulting silica particles
showed that ﬁhe concentrations of-the elements of alkali
metals such aé,Na,'K and Li, alkaline earth metals such
as Ca ;nd Mg and transition metals such as Cr, Fe and Cu

10 were all below 1 ppm and the total concentration of“
radioactive elements U and Th was below 1 ppb. <

Electrical conductivity of the exéract of
boiling lixiviation of silica particles, determined in
the ‘manner described before, was 1.8 uS/cm.

15 ) "i The éverage particle size.(diameter)-of the
obtained silica particles was 11.5 um and their specific
gravity was 2.20.

. The specific surface area of the particles-as
" measured by BET method was 0.5 m2/g, which was 2.1 times
20 the theoretical value. |
Also, the obtained spherical silica particles
were those in thqh the content of the particles with a
sphericity of 0.9 or above was more than 90%, and both
sphericity and smoothness as judged from the.electron
25 microéraphs-of the particles were excellent. |
According to the sectional observation of the

particles by electron micrographs, all of the spherical
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Exanmple 2-1 20 6.5 0.8 0.420 1.9 2 2-2
2.0 2.5 1. 365 1.8 2-3 10 ’pates 1- Q0% MAY 2[]0117 .:
Table 2 Sulfuric acid Silica particles concentra- P g
Ratio of tion in’ ”%%%ﬁﬁe%etaqune 1996
Specific val ue of Exanple * sul fayic Aver- surface area
speci fic No. acid di am- (n[err]/g) .- surface.area solution
eter Meas- Theo- to theoreti- for ([err]m ured retical cal value
emul si-on particles meer@asokid wafl Bhére wasSadmitted mo Hohliow 0. 218
2.3 ' - '

sphere. T

Example 2

_ The procedure of Example l was followed except
5 for the use of the aqueous solutions of water glass
prepared by dllutlng #3 water glass w1th pure water so
that the silica concentration (as Si0O;) would become 20,
15 and‘10 wt%, respectively, for preparation of emulsion
containing an aqueous alkali silicate, to obtain the
10 spherical silica particles. . -
The results of measurements and observations
conducted on the obtalned silica particles were as shown

below.

Example 3

15 The procedure of Example 1 was followed except
for use of the aqueous:sulfuric acid solutions prepared
to the sulphuric acid concentration of 15, 10 and 3 wts,
respectively, for preparation of emulsion containing an
aqueous sulphuric acid solution, to obtain the spherical

20 silica particles. The results of measurements and
observetions of the obtained silica particles were as

shown below.

Example 4

The procedure of Example 1 was followed except

25 that the method of addition of the emulsions was
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Exanpl e 3-2 10 11.3 EPYey rr—

0.5 0.242 2.1 3-3 o
0.7 0.287 2.4 Exanple 4-1 5 20 ng>
214 Conp. 1-1 3 10.1 1.4  0.270 [ 'P‘é 10y
5 108 1.5 0253 ... . 591 13y tgh _142
0. 244 7.8 25 CLAIMG: 1. rocggss?”]t or o am%g ”"%1%3rauty,

spherical silica, which conprises n1X|ng &n~emul si on conpri si ng an

changed, that is, an emulsion containing an aqueous

sulphuricacid solution was added to §g emulsion

containing'an agueous water glass solﬁtion to obtain the

spherical silica particles. The results of measurements.
5 and observations of the obtained silica particles were

as shown below.

Comparative Example 1

} The procedure of Example 1 was followed except
that an emulsion containing an aqueous water glass

10 solution was added to the non-emulsified équeous T,
sulphuric acid solutions with the sulfuric ac1d concent-
rations of 3, 5 and 10 wt%, respect;vely, to obtain the
511103 partlcles. The results of measurements and
observations of the obtained particles were as shown

15 below.

The results of measufement of impurity
content, electrical conductivity of the extract-of
boiling lixiviation, average particle size (diameter)
and specific su;face area and the results of observation

20 of the electron micrographs for determining sphericity
and sol}dity of the silica particles obtained in
Examples 2-4 and Comparative Example 1 were as follows.

As a result of analysis of the obtained

spherical particles, the concentrations of the contained
25 elements Na, K, Li, Ca, Mg, Cr and Cu were all below 0.1

:ppm, with Fe being 0.8 ppm in the examples and.
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.aqueous al kali silicate solution with an enul sion conpri si 'Qﬂaﬁgﬁfus '
-mneral acid solution to produce a silica gel conpriéigg ”ﬁb tiee i &Pl y
spherical silica, treating the gel with a mneral acY8& o form hydious, 2
spherical silica, and drying and then cal cggbsgtuteshepher 2éaluns (P98 2.

A process according to claim-1, in which the aqueous alkali silicate

solution is provided in the formof a-wager-in-oil (WO type emnul sion
cont ai ni ng an aqueous al kali- silicate solution dispersed in the form of

fine particles agrhtiddessimpiiése R8o), Nthli eBntlatagusons off erwals aci d
solution is provided in the formof a water-in-oil (WO type enulsion, the

aqueous m nenalssaaithrs ol UL i Bb beh ngadhspaseedwhilélfehboconafenfiratiparticl es

as di sperse phase. 3.. A process for producing high-purity spherical

silica, whichfcmpraesim xi ngngevwarfe0-#r006! ppW, Opregpating no
significant difference among the examples.

5 The eléctrical conductivity of the extract of
boiling lixiviatién of the silica particles, as deter-
mined by the above-described method, was in a range of
1.7-2.2 uS/cm, indicating no significant difference
among the examples.

10 | As regards spheficitg and soiidity as
determined by electron micrographical observation &f the
obtained silica particles, the spherical silica
pargicles obtained in Examples 2-4 were those in which
the conéent'of the particles with.a sphericity of 0.9 or .

IS above was more than 90%, and thus they were excellent in
both sphericity and surface smoothness. Also, these
.spherical particles are ali solid, and there was
admitted presence of no hollow sphere..

In the case of the silica particles obtained

!0 in Comparative Example 1, the content of the particles
with a sphericity of 0.9 or above was less than 90% in
each run, and many hollow spheres were admitted.

. The average size (diameter) of the obtained
silica particles, the measured valﬁe of specific surface

25 area by BET method, and the ratio of the measuréd_value
of specific surface area to the theoretic#l value

calculated from the above-shown equation were as shown

in Tables 1 and 2.
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emul si on contai ni ng an aqueous al kal
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silicate solution di
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formof fine particles as di sperse phase and a water-in-oi

$W Qavt
enul si on, containing an aqueous mneral acid soluti o'@ﬁ?%perggﬂ% éﬂ@ form
of fine particles as disperse phase to produce a spherjcal silica g

treating the obtained spherical silica gel wY%PsHithieghaet 44 Jupey
hydr ous spheri cal

spheri cal

process

A process for producing high-purity spheri-cal

ially ag.described herein.in agcordance. with any
Hhe” spbcid i BERVLEYs ShebhEn CREANIES S LATRA by
26;garticles was 2.20 in all cases. -
Table 1
S10, Silica particles " Ratio of
concent- Specific measured
Run ration in [AVeI—| gurface area value of
Example water age (m2/g) specific
No.|glass for |diam=——————0t———surface area
emulsion | eter : to theoreti-
(wts) (um) | ured fretical| ™ 3" 010
' value | value
Example|2-1 20 6.5 0.8 0.420 1.9.
2 2~-2 15 2.0 2.5 1.365 1.8
Table 2
"Sulfuric e -,
acid ~Silica particles
concentra- : Ratio of
tion in S {1 measured
agueous - peciiic . value of
Example Run| cuifuric A:e; surface area specific
No. acid d'g _ (m2/qg) surface area
solution ;:21 Meas- | Theo— |to theoreti-
for (um) | ured |retical cal value
emulsion value| value
(wts)
- - 15 12.5 0.5 0.218 .
Example : :
3 - 10 11.3 0.5 0.242 .
- 3 9.5 0.287
Example
p 4-1 5 11.2 0.5 0.244 2.1
Comp. {1-1 10.1 | 1.4 | 0.270 .
Example|l-2 S 10.8 1.5 0.253 5.
1 1-3 10 11.2 1.9 0.244 7.

el

b?%ﬁn'
silica, and drying andgsthen cal cining said hydrous
silica. 4.
silica conducted substan
one of Exanples 1 to 4.




,@ccgrding t ne of clains 1 to 4 which silica conprises not.nore than

1 ppb of radi;Qawb stance. 6. : H gh-purity silica according to
claim4 or cllmﬂ”ﬂm'wtﬂ ﬂ#ﬂ’]l cal conductivity (at 25[err]C) of a solution
obt ai.ned by bei Tikngy. Murs at 160[err] C‘S-fibéﬂt}ﬁg#éﬁe&’f-1§491& 0§ gbBe
silica and 100 m of distilled water being 10 [err cmor below 7.

H gh-purity silica according to any one of claims 4 to_@,;mhich_conprjses
about 90% by weight or nore of -pariigges having a sphbisiigithe replacementsheet

0.9 to about 1-0. 8. H gh-purity spherical silica obtained by a process
according to any one of clainms 1 to 4 which conpri seg ﬂ%OU_ Qﬁﬁﬂ%ﬁ—@mﬂtﬂﬁ———"
or nore ofcﬂﬂh##fjes havi ng a sphericity of frcnlabﬂu? .9 to about -1.0. 9.

Hi gh-purit ‘a according to any one of clains 5
1 A process for producing high-purity, spherical

silica, which comprises mixing an emulsion comprising an
aqueocus alkali silicate solution with an emulsion comprisingh
an aqueous mineral acid solution to produce a silica gel
comprising substantially spherical silica, treating the gel
with a mineral acid to form hydrous spheridal silica, and
drying and then calcining the sphericai silica.

2. A process according to claim 1, in which the
aqueous alkali silicate solution is provided in the form of
a water-in-oil (W/0) type emulsion containing an agqueocus
alkali silicate solution dispersed in the form of fine
particles as a disperse phase and in which the aqueous
mineral acid solution is provided in the form of a water-in-
oil (W/O) type emulsion, the aqueous mineral acid solution
being dispersed in the form of fine particles as disperse
phase. _ o

3. A process for producing-high-purity spherical
silica, which comprises mixing a water-in-oil (W/O) type
emulsion containing an aqueous alkali silicate solution
dispersed in the form of fine particles as disperse‘phase
and a water-in-oil (W/0) type emulsion, containing an
aqueous mineral acid solution dispersed in the form of fine
particles as disperse phase to produce a sphericél silica
gel, treating the obtained spherical silica gel with a
mineral acid to obtain hydrous spherical silica, and drying
and then calcining said hydrous spherical silica.

4. A process for producing high-purity spherical
silica conducted substantially as described herein in
accordance with any one of Examples 1l to 4.

5. High-purity spherical silica obtainable by a
process according to any one of claims 1 to 4 which silica
comprises not more than 1 ppb of radiocactive substances.

6. High-purity spherical silica obtained by a process

This Sheet Has Been Replaced
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' 408, in which-theratio of the measured value of Beis MecraBliFa: Y

the BET netho tical value of specific surface area L
cor r espondi ngnm" ’ﬂﬂmg DuLsi ze is 3 or |less. 18 ate; - 1f 8h MAY 12001 7
spherical silita cobual s -an aqueous al k (o te soLytion,

content of radioactive substance | es@6than 1 SHb Uit s Eﬁflcé#‘hﬂﬁﬂﬁggu¥lty

of an extract of boiling lixiviation of the silica of 10 [err]S/cm or
bel ow, a content of the particles with a sphericity of 0.9 to 1.0 of 90% or

nore, and adedr@ing tbeaﬁ?aéﬂéleVéh.HQme 1SReCil Whidyl 398 &f %n%r s
met hod to the theorethcal val g ecifig surface area correspornding to

t he partchQ9%|9%F%eF 3l oPP eg 3qioactiyven syRStARCErherical silica
substantialty as deskigheguhitei sinndal Aceoedidgned Wlhimsy cnelfim 6,

Exanpl es léhe electrical conductivity (at 25°C) of a solution obtained
by boiling for 20 hours at 160°C a mixture of 10.0 g of the
silica and 100 ml of distilled water being 10 uS/cm or
below. . '

8. High-purity silica according to any one of claims 5
to 7, which comprises about 90% by weight or more of
| particles having a sphericity of from about 0.9 to about
1.0. : -
9. High-purity spherical silica obtainable by a
process according to any one of claims 1 to 4 which i
comprises about 90% by weight or more of particles having a
sphericity of from about 0. 9 to about 1.0.
10. ngh-purlty spherlcal silica obtalned by a process
: accordlng to any one of claims 1 to 4 which comprlses about
90% by welght or more of particles having a sphericity of
from about 0.9 to about 1.0.
11. High-purity silica according to any one of claims 5
to 10, in which the ratio of the measured value of specific
surface area by the BET method to the theoretical value of
specific surface area corresponding to the particle size is
3 or less.
12. High-purity spherical silica obtained from an
aqueous alkali silicate solution, having content of
radioactive substance less than 1 ppb, a electrical
conductivity of an extract of boiling lixiviation of the
silica of 10 uS/cm or below, a content of the particles with
a sphericity of 0.9 to 1.0 of 90% or more, and a ratio of
the measured value of specific surface area by BET method to
the theoretical value of specific surface area corresponding
to the particle size being 3 or less.

13. High purity spherical silica substantially as
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described herein and in accordance with any one of lExamples
1 to 4.
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ABSTRACT

An emulsion containing an aqueous alkali silicate
solution dispersed therein and an emulsion containingran
aqueous mineral acid solution dispersed therein, both in the
form of fine particles as dispersed phase, are mixed to
produce a spherical silica gel. This spherical silica gel
is treated with a mineral acid to obtain hydrous spherical
silica, and this hydrous spherical silica is dehydratea and
then calcined to obtain high-purity spherical silica. The
content of radiocactiwve substance is less than 1 ppb, the
electrical conductivity of the extract of boiling
lixividtion of silica is 10 uS/cm or'bélow, the content of
the particles with a sphericity of 0.9 or above is 90% or
'more, and the ratio of the measured value of specific'
surface area by BET method to the theoretical value of
specific surface area corresponding to particle size is-3 or
less. By using an aqueous alkali silicate solution, there
can be obtained high-purity spherical silica particles in
which the content of impurities including radioactive
substances is very low, and which have excellent surface
smoothness and high sphericity and is suited for use as a
filler in resin compositions for encapsulating advanced .
integrated circuits and associated electronic parts.



