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:::esis~a~t to t~e:-ma: st:::ess since t~e:::~al stress is built 

betwee~ the silicon chip and the encaps~lating mate=ial. I~ order to bring the thermal expansion coefficient of 
encapsulating material as close as possible to that of the silicon chip, a method is employed in which silica with a low thermal expansion coef::icient is added ~·:::> resin as filler at the highest possible filling rate. 

Hithe:::to, ground silica having irregular pa:::ticle shape and sharp edges has been used as filler silica. However, the encapsulating material whe~ 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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so:, 

ge: is collected and calcined (=or exa~ple, J?-~-63-225333) 
T!"le calcinat:ion of silica prod'....:.ced accora:.r~g to t'.:1.e 

above prior art has been achieved under condicions which 
al~ow progress of perfect calcination ~ntil the pore volume 
became less than 0.01 ml/g, in consideration of possible 
change of silica into hydrophobic type, strength of calcined 
silica particles a~d other matters. 

There is required further a higher purity of filler 
in t:he encapsulating material to prevent: er min~mise 
occurrence of soft errors in advanced integraced circuits 
and associaced electronic parts. 

A high-purity spherical silica adapted t:o meet the 
industry's ::.eeds would have a low cont.en.: of impurities such 
as alkali metals, alkaline earth metals, halogens and 



- 3 -

=ad~~acciv2 su~stances. 

. . . 
:. :J :. ::~ :ne c. .::cc. ( ~ \ ,_, 

.. . - - . - . . 
a~c :..~e::ec~:..72 :c~ ::.:np::-':)":f:.::g 

tae sphe=~ca: s~l~ca pa=~i=les fall~~g ~~ ~~e des~==d s~ze 
' -::a::ge. 

_,_ ....... ""' .. ;::...,.,., 
:::'-·-,"i,,.,;~-··· 

:.ack 

':':::e :ne-:;;.oc.s '. 2i tt:e 
... ... . . ... ac.a.:..-: :..()nai. 

T~e use of cc~ve~ticnal sphe=i~a: silica ~as 

prevented lowering of the fluidity of encapsulating 
materia~s to some extenc as compared ~ith the use of ground 

silica having sha~ edges. This is true even when the 
filling rate of filler in the encapsulating materials is 
high. However, such improvement in encapsulating mat.erial 

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. 

Su"MMAP"Y 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, 
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silicate solu~ion wi=~ an·emu:sion comprising a:: a'!'..:.ecus 
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substantially spherical silica, treating the ge: wi=~ a 
mineral acid to form hydrous spherical silica, and d:::::-yi~g 

and then calcining the spherical silica. Preferably, the 
aqueous a:kali silicate solution is provided in the for~ 
a water-in-oil (W/Ol type emulsion containing an aqt:.eous 
alka:i silicate solution dispersed in the for~ of fine 
parcicles as a disperse ?hase and in which the aqueous 
mineral acid solution is provided in the form cf a water-in­
o; 1 (W/0} type emulsion, the aqueous mineral acid solution 
being dispersed in the form of fine particles as disperse 
phase. 
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o~ :J.O g ~~ :::e silica ar:.d lJO ml c:: distil:ed wa:.er is lJ :J..S ! cm o::- ::e2..cfN. ' ' 

abcu:: :.o. ' 
surf ace area ~y the BET method to the theorecical val~e of 

.s:.ze .:.s 3 er :.ess. 

i:: ".i:r::. .:.·:Jr:' 

c:: silica is :J ~S/c~ er be:ow, ~~e cor:.tent cf the part.icles w:.':.:-. a spherici:y cf 0.9 to :.o is 90% or more, a:!d t=:e ra:.io of the neasured val~e of speci=ic surface area de:.e::::-:nir:.ed by 3E':' met.hod to the theoretical value of specific surface area corresponding to the particle size is 3 or less. 

rn a preferred embodiment of the process of invention, the emulsions are wate::--in-oil (W/Ol type emulsions i~ which an aqueous alkali silicate solution and an aqueous mi~eral acid solution, respeccively, are dispersed i~ the form of fine particles as dispersed phase. ?REFERRED EMBODIMENTS CF THE INVENTION 
The high-purity spher~cal silica according to t~e present invention is one which can be obtained from an aqueous alkali silicace solution and in which the conte~t of radioactive substances is less than l ppb, the electrical 
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che conte~t s~culd :tot exceed : ;pb. - -..:.. : 
exceeds l ppb, soft errors may ~e caused. 

a:kaline earc~ metals sue~ as Ca and Mg, and ocher ::.on::.c 

..... --· -­,.., - - - .... "=:!! I 

ex=rac= of boi:i~g lixiviation of silica was measure~ and 
gi. ·.r.::: as a:i index of ionic i:npuri ty ccnc.e~c. 7his system 
·,;as employed fer the following reasons: 

ii) 

iii) 

electrical conductivity can be directly adcpted as 
a measure of quality or properties of the produce; 
this system is a more simple and clearer way of 
indication than direct analysis; and 
this is a very strict method for evaluation o:: 
quality. 

The electrical conductivity of the extract of 
boiling lixiviation of silica in the present invention is 
measured at 25°C with che specimen (extract) pre9ared by 
adding 10.0 g of sample silica to 100 ml cf pure water and 
boiling the mixture at 160°C for 20 hours. In the high-
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s .:.:.ica 
specific su=face a sclid 

~~~e sp~e:::-e is given by ~~e 

SA (m2/g) = 6/(d x D) (I) whe::::-e d is diameter (,um) and D is t=ue specific g:::-avi:.y. ?=om the equation (I), t~e specific surface area SA (m2/g) of a true sphere of silica having a diame~e= of d (µm) and a true specific gravity of 2.2 is given by che fc~:.cwi~g eq~a~ion (!!), so that the theoretical value of specific sur=ace area of the silica sphere with a diameter of :o µmis approximately 0.27 m2/g. 
SA= 2.73/d (II} 

The spherical silica used as a filler for encapsulat~~g materials has its pores closed usually by 
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s:..li:::a 
of t~is invention is ~c~ ~ore t~a~ 3 ~irnes =~e ~~eo=etical 

value, and the presenc sphe=ica: sili:::a has excellent 
surface smoothness. 

:.s 

using the spherical silica of this i~vention as filler shows 
cuite favorable fluidi~y for molding. 

silica acco=ding to the present i:r.rer..:.i::m comprises the 
following th=ee steps: 

Sten l: Preparation of spherical silica gel particles. 
An emu~sion contai~i~g an aqueous alkali silicate 

solution ar..d an emulsior. concaining a~ aqueo~s mi~eral acid 
solution are brought into concac~ w~=h each other co produce 
porous spherical silica gel particles. 
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the above-mentioned aqt.:.eous solutions, to prepare water-in­o~ ~ (W/O) type emulsions. 
An aqueous alkali silicate solution, a liqui~ for f or~ing ext~rnal phase and a~ emulsi:yi~g agent are mixed and emulsified by using an emulsifier or other appropriate means to pr~pare a W/O type emulsion contai~ing an aqueous a:kali silicate solutior.. 
Similarly, an aqueous mineral acid. solution, a liquid for forming external phase and an emulsifyi::.g agent ar-: mixed a::.d emulsified to prepare a W/O tvoe emulsior. containing an aqueous mineral acid solution. 
The alkali silicates usable here include sodium 
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~~e acid concent=a=ior. -- :~e so:ut.ion is -- a 

.-
acid. to be i.:.sed :.s .,..._.,...._._~..,,... ..... :::---·.....,::::---- -: 

- ..., - -a ,:J.O. .. C..:;)_, :.s 

.:..s 
. . .. .. . . m:.sc ::....::i.:..e ·..;.:.. =:: 

t::.::-.e a~eous . ... . .. .. . ~::..~e==~ ac::..~ so~ut..:..cr.. =~ is ~~comrne~ded to ~se an oi~ 
~aving a boiling ;oint. of l00°C o= above and a specific 
g=av~ty of 0.9 or below. 

Oils which may be used include aliphatic 
~ydrocarbons such as n-octane, gasoline and kerosene, alicyclic hydrocarbons sue~ as cyclononane and cyclodecane, and a=omatic hydrocarbons such as toluene, xylene, 
echylbenzene and t::.etraline. 

T~e weight ra=io of aqueous al~ali silica=e solution to oil and the weight ratio of aqueous mineral acid solution to oi~ are both in a range of from about 8 : 2 to about. 2 : a. 
For emulsifying agent., it is possible to use any type of emulsifying agent p:::-ovided thac it acts to stabilize 
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:a.::.:.y ~cids, 

;:c::.-·oxyet:~ylene sorbit:an mcr.c:.au::at.e, pc:.yox1·e ::::.y:..e:le 
sc·r~.:.. :.a:i rncnopa:m:.~at.e, ;olyoxye-:.:iy:l.e~e sorb:. =a~ 
mc~cs::a~a:e a~i ?o:yoxyet~yl:~e sa~=~=a~ ~c~co~:a::; 

-,-.. .. -c:.,._ __ 

.. .. . . .. a::.:=. o_:.:.c ac :..::. 

--- .:a.--:::> --- ::> 

:'~.e a~ct:::: 4:. o: -r---::::.. ...... :;::.._ ....... __ :.s 
.. - a :-a:".ge of 0.:. to S wt% based er: t:i.e aquec1...:.s a2..ka~i 

t~ be 
( . . ' :. :.. ,' 

... . -. .. emu,;,,, s :u: 1. ea . 

P::eparation cf spherical silica gel pa::t.icles " , . .._ . . ., ' '"': ..: ..; ., ; ca - "" .i-ul emu.sion con~aJ.ning an aqueous a~~a-~ s-~- --sclucion and an emulsion containing an aqueous mir..eral acid solution p::epared in the manner described above a::e mixed wit.:: stirring. T~e react.ion of mineral acid and alkali 
silicat.e forms a porous spherical silica gel. I:: the 
process o:: chis invention, the oorous silica gel c::oduced . . t.his st.age may be one which is solidified only at: the 
sur:ace, wit:: the inside of the parcicle being net 
sufficiently solidified because cf t~e presence of alka:.i. 

ac 

The order of mixing is nae critical; emulsion 
containing an aqueous alkali silicate solution may be added 



-- ··-·-­.;:,,,_ __ ._ __ .... , 

(ii:.) 

a::. a 

- .. . - . . . ..:.....,,. -·- .. -::::1-·..-I\--·-·~·--;:;,-- ---'- _...,,,,~~ 

l.2 

cbca:..::eC. 

.:::.,,...."!I'"! _..; 1-.~ -··~ ...... -.::::1_;.....; .... 

60-:21J°C, 

ac.:_i -- .. - .............. ::::>v--'--"-"'·• 

.... -.. -:::,1..,.._._ 

~-· .... - .. - ~::: ~<:::..- ------

:-eac:.:.c::, a:: 

, ,""\I"'\ o.-
-·~ '.J '-, for a peri~d c: ==~m abouc c~e mi~~=e to a~cuc S bu':. -;..,,:::,.. ~..; ..... ~ -·-- '--·\·- and -,_ .. m ... e~at••v-::> a--"' ...,.,...,,..:.,..,,...~;...~,, d ... ,...1.~or1 

-\ ·~ - ---- -- "::"-----'-..J-- ------
i~ c8nsidera=ion of the o~e=a~ions i~ Step 2 descri~ed below. 
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3v -~:s ~-~a~ment ~-he emu:s_;on-like :eaction . -.. - ... - - '-• , . -

a: a s::.:.ca oe: oa::ic:e-disoersed acueo~s ~ine:a~ acid 
~ - - -

sol.u!:i.c~. 

( 2 ) 

Step 1 ; --::> 

.... -·· sphe=i..ca: s.:.lica 

m' . . .. . • . - ~ - . .. : -e...; .: -t 

·.:.~e po:.::::..:s sp~e: .:ca..i.. s.:-:.ca ':le- .... o ... a- .• ._ -·· 

t:eated w.:.t~ a solu:ion containing an acid. 

As acid, the:e can be used mineral acids.such 

as su:9t~:ic acid, hydrochloric acid, ~it:~c acid, etc., 

a - ·· ,,- -o~., ... :,... ... --""'~a: ... .= ... ,... 
~ ==-C!-ec._.:a ;::, _____ .... ._...; ..... -··-•·"=' a': 

t:SeC. ~~= ac:d co~ce~t:a~~cn ~-
~ .. 

50!..~f::.On 

The acid treatment .:.~ t~is step may be 

accomplished ~y a one-stage treating method, but it is 

20 cesi=able to divide the treating operation into at least 

two stages for extraction remo~al of trace amounts of 

. . ~. 
i.mpur l. -.l.es. It is also possible to employ a multi-s:age 

treating system in which the treating solution is 

:enewed for each stage. The t:eat~ent i~ this step is 

25 ~re:erably carried au~ with stir:ing. 

The treating temperatu:e is not specified i~ 

this invention, but it is recommended to conduct the 
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ext:action operation at 50°C or above. :t is ~~~~-w-= ~u 

e:<'::ac':::Jn by 

. . 
~~ce: ~c:~a~ p:essu:e. 

the 

:o a :ange a= 100 t= l50°C, p:e=e:aoly 110 to l40~c . . . 

::; 

20 

~~e ti~e requi:ed fo: t~e acid t:eat~ent is 

about 30 ~i~~tes to about 20 hcu:s in t~e case c: 

ba:c~wise cpe:a:ion a~d about 30 seconds to abo~t 20 

=~=t~er subjected to ceacidification anc de~yd:ation 

t:eat~e~ts which may involve filtration. 

The acid used in t~e process of this i~vention 

is preferably a refined or high-pu:ity product called 

"electronic g:ade". Also, the wate: used for dilution 

o: the mate:ials and the acid used i~ the process o: for 

washing of silica is p:efe:ably pure wate: with few 

25 i:r.purities. 

3y the t:eat~ent in this step, the content of 

impurities includi~g radioactive elements in the silica 

particles is rema:kably lowe:ed. S9ecifically, the 
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content of each element of alka:~ ~etals such as ~a and 

~ and a:ka:ine earth ~eta:s sue~ as ~g and Ca ~s :educed 

:o less t~an l ?pm, acd ':.~e cont~nt c~ :adioac~ive 

:. :.. a:--. l. 0 '.:.SI c::i • 

{ 3 ) Dryi.~g a~c ca:ci:-.ati~~ o: ~yd:ous 
l 

?a::.~c:es (Ste? 3) 

:educed t:::; lcwe: 

. . . s;me: :.ca.;.. si:.ica 

sphe:ica: silica pa:tic:es which have been subjected to 

C :i .. ...,e -.=.- ... ,....o-' Se",.;· . .; ... -o ""···o ""·1-es· ac·· ...... e:=-_:-.':. wate: and _ .. ,.-' '----':j ....,_ '-'. -··Ii.. '-"' '--.:' . 
. .. ca:-. i::>e eas .:.._y 

T~e hyd:o~s sphe:ical silica .,..,_ ..... ~c 1 =s a-~ '::'a.-.__ -- - -

s~bjected to a d:ying t:eatment for :emovi~g adherent 

20 water and fu:ther subjected to a calcining treatment Eo: 

removing bound water and compacting the silica particles. 

The silica particles obtained according to the 

process of this invention are the fine spherical 

pa:ticles having a particle size distribution in a range 

·s of l to 100 µm and an average particle size (diameter) of 

about 10 to 15 ~m, but as they have high sphericity and 

excellent surface smoothness, they can be subjected to 

a d:ying treatment without agglomerating with each 
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:ef': stat:.onary. 

:~e ':empe:a:~:e ~sed 

- _ ... :_':Ii., ..... ....... 0 --. -o"or """' .. -·..,'3 ;> ... ac._-----~ _..; ._....., ,j ,,, _, a.i.C ....... _ 

..... -.-.,"""".;:3.- •• 
='-"""~---.: 

. ~ -·· 

or a 

. ... . . .. cf s:..-:.ca pa::--:.:.c.;.es 

wate: ; .., 

:a::ge ... -·--

.~ .... . ~··1 '. :::::; :. -1..,:-..: 

::-~a:.:.~g :.:.::ie :nay :ie 

:.::e 

hc:..:.:s 

s~::-:aces 

':'tese 

- , ... -== ~---'-'-

i'.h ... __ ,,,._: ::eC. i:: S':e_:J ' ----- a -=- .... ~e-::i""~·-"' ,...._.:. ,..._ a"'cv.::i. ~ 000°C 
- -

- "'- -·~"'::' - - ...... - - - ...... - '..J - _,,, - - , • 

---··.-._.::::: ~---"'--::i1'-_..., •. a--.· .. '.""_ r.;· .. Qs -·....,~ c-~-~ac- --~;=.-.;c::i: s~;:,_a 
~ - ... ":l - ., - ...... - ....... !:" - ::i !:" •• - - - - - - - - .... 

?~= cbtai~i::g t~e silica pa:ticles low 
~vc-oscoc~c:~~ 1---e ~ ... '0 1 ·1~ c·a-s:-~, a-•. c· ~-.-,.a_,_, _:~ 
... _ _,- ---'-.1-C::.-":t _ .... """'-""-··-Ito.- -

20 specific su:face a:ea, calcinatio:: ~s p:efe:a~ly ca::ied 
out at a tempe:atu:e of l,000°C or above, more 
preferably 1,050 to l,200°c. T~e calcinatio~ time is 
o:oce:ly selected f:orn a ranee o: one minute to 20 hou:s - -

~ 

in conformity to t~e calcination te~pe:a:~re. 
25 The a:~osphere for calci~a:ion may be oxygen 

or carbon dioxide gas. !f necessa:y, a~ inert gas such 
as nit:cgen or a:gon gas may be used. Air i.s al.so 
recommended fa: prac~ical reasons. 
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~~e 5 ;1;ca ~a--:~ies obtained accord~ng to ~he ...... 1 --- !:" ... .....,...., __ 

~xce::~nt su::ace smoot~ness, so :~at ~~ey can ~e 

:~e ca::i~i:1g t:ea:~en:, -.... -_ ...... - :a::yi:1g ol.!: 

:~e si::ca pa:ticles a:e ~:eatec i~ a stationa:y state. 

~u ::1 wn:c~ ca:cina~ion of t~e silica na::icles is 

pe:fo:~ed by keepi~g the particles in a fluid state, 

such as fluid fi:ing f~:nace, rcca:y ~il~, fla~e firing 

=~=~ace a~C t~e like. 

::ea:.:ne~::. 

Acco:~ing to t~e p:ccess c: :~e ?rese~t 
inve~tio~, it is possible to obtai:1 t~e high-p~rity 

sphe:ical silica pa:ticles having excellent surface 

20 smoothness, a high sphe:icity and a very low content of 

impurities including radioactive elements such as 

uranium by using an aqueous alkali silicate solution as 

sta:ting material. 

The high-purity sphe:ica: silica particles 

25 produced according to the process oE the present 

invention are notably high in purity, excellent in 

surface smoothness and also high in sphericity as 

compared with the silica particles obtained with the 
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prior art, so that the silica particles of th~~ 

: .... -1"' ... : .""\ n -= : '"""'d .... a ... - : •, ~ - , ·1 .::1.-= -= .:l c - ; .. , ~ .. s e as a .: ~ ...... ~.... ! ..., 

_ .. v-: ...... _...., --·· ::' ___ c.,._a ... .;.. ---- -- - -. -----'- -·· 

-~s=~ -~m-c·s·-:~~s ~~- ~"caosu·~~:~~ ac··1a~c~~ 
- - -·· "-..J .!:" - ... -'-J.... -...JJ... __ .. - -~'--··~ 1. .. --

... .: ......... 
..,,, - -·· 

2xamp:.es. ~~e =~::ow~~g examples, howeve:, shcu:d net 

:':J ~xa:nple .:... 

'~ 
_ _, 

( ~) 

.. ; ~c·::ior:.i.c s~= ::a.eta~~ ( ~~cccr.. s~-c 10, 

:~g agent, a~ ci:. (:SCSOL 400, a sat~:atec Cl5 

ca:bc~ (:sc~a:a::i~) proc~ced by Nippe~ Sekiyu K~) anc 

wate: glass (equiva:e~t to ~IS K-1408 ;3) 
. . . 

were :n.1.xea !.n 

a weight :atio of l : 44 : 55 and stirred by an em~lsi-

fier at 18,000 r.p.~. for one minute to prepare 268 g of 

20 a water-in-oil (W/O} type emulsion containing an aqueous 

alkali silicate solution. 

Meanwhile, the surfactant, t~e oil and a 5 wt% 

aqueoussulphu=ic acid solution were mixed in a weight 

=atio of 1 : 44 : 55 and treated by an emulsi=ier under 

the sa~e conditions as desc=ibed above to prepare 842 g 

of a W/0 type emulsion containing the aqueous su~~huric 

acid solution. 



- 19 -

{ii) ?=epa:ation o: spherical silica gel ~a:t:cles and 

st:.:.:::..::g. .. :..::er 

' .. . .. -anc s:~::ec =o: o~e ~c~:. 

:o ~ ; o"'-1 = ·.,.e -.::i.a ... ; .., ~ ; •; d emu .... s- .. --·"' -- c._c .. __ qu ... was sepa:ated in~o an 

phase (uppe: layer) and an aqueous phase (lowe: layer). 

T~e oil ~hase was removed and the silica gel 

'',"-) ~ ... --·- ... - · ·· · - · · • s-=-~_;ca q.::i. __ , -~ .:i:(-=3.'--.:...~ •• c= .:::1.9l!:-:::.es o: spne=.:..ca~ _ 

acid solution, s:i::ed at l00°C for one hour to extract 

20 impurities and t~en washed t~ice with pu:e water of an 

a~ount 10 times the weight of silica gel. After 

repeating the above extracting and washing ope:ations 

t~ice, the obtained silica gel particles we:e washed 

with pure wate: until pH oE the washings became 4 and 

25 t~en dehyd:ated by using a Nutsche funnel to obtain 

hydrous spherical silica particles. 

(3) Calcina:ion of hydrous spherical silica particles 
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~~e thus obtained hydrous si:ica par~-~-c~ 

(c~e ... ~ - - :::& ' 
-- .... - - J 

.. .. . .. 
a~c ca-~.:.~ec 

as ca a~d Mg a~c t:a~s~t~o~ ~eta:s sue~ as C:, ?: a~C c~ 

'"'e-~ a·· ~e~o·-· 1 oom -~d ~~e •o•a1 ca~.ca_~ .. ---_a-__ ;o~. oF 
"" -~ -- oJ - ... - -- ' ~-- ..... ... I.. - -· •• -

radioactive elements U and ~h was below : ppb. 

bcili~; J..ixiviatio~ of silica pa:~ic:es, dete:mi~ed ·~ 

cbtai~ec si:ica pa:ti=:es was 1 ~ = -- . ...) -.... ~; -\,,,.··- --
;:avity was 2.20. 

~~e speci=ic s~:face a:ea cf t~e ~a:ticles as 

measured by BE~ method was 0.5 m2/g, which was 2.1 times 

20 the theo:etical value. 

Also, t~e obtained spherical silica particles 

were those in which the conte~t of the pa:ticles with a 

sohericitv of 0.9 or above was more than 90%, and both - . ~ 

sphericity a~d smoothness as judged f:om the electron 

25 micrographs of the particles were exce:le~t. 

According to the sectional observation of the 

particles by electron mic:ographs, all oE the spherical 
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:iphe:e. 

:o:- g:ass 

·- ..,· "·J ··-1. .. .:::. .... . "-:::> a .. c -· ... _"), __ spec ... .lve.:.y, =o .. ---.= .... a-a•:o:"'! _::. .::i.- .. ~=:::JL' - - ':::'- -'::' - -- ,,,. u- -·"It"""--- "" 
Con ... a:~:~g -" ac:•·eo••s a,~a'i' 0:::_:1_~'--a~ ... =_, ~ ... o c·o ... ,_~-=~ ....... ·.~~-.... - •• - •• c:.i. - - "" -" .:. ... - - • 

10 sphe:ica: si:ica particles. 

~~e :esults of measu:eme~ts a~d obse:vations 

ccnducte~ o~ t~e obtained silica pa:tic:es we:e as stew~ 

be:ow. 

Example 3 

~~e 9:=ce~~=e oE Example l was followed except 

for use cf tie a~~eo~s sul=~=ic acid solutions pre?a:ec 

to thesu:;hu:ic acid concentration of 15, 10 and 3 wt~, 

:espectively1 for preparation of emulsion contai~ing an 
,. 

aqueous sul~huric acid solution, to obtain the spherical 

20 silica particles. The results of measurements and 

observations of the obtained silica particles we:e as 

shown bel·ow. 

Example 4 

The 9rocedu:e of Example l was followed except 

25 that the method of addition of the emulsions was 
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changed, that :s, an emulsion containi~g an aqueous 

contair:.i~g an aqueo~s ~ate: glass so:~tion to abtain t~e 

a~d cbse:va::a~s of - ·-.-:a. 1 ...... ~ ~ ;::. .: - .::. r 
--.•- -.JW ---·,.·--

. . . 
as s::cwr:. :Je.;.:;w. 

Ccmpa=a:ive ~xample : 

~hat an emu:sicn con:a:~:r:.g an aqueous ~ater glass 
' 

~b solution was added to t~e ~on-emulsifiec aqueous 

su~~~u=ic acic solutior.s wit~ t~e sulf~:ic acid concent-

to obta.:..n 

2.5 be:ow. 

~~e :es~lts of ~easu:emer:.t of impu=itJ 

conte~t, elect:ical conductivity of the ext=act of 

boiling lixiviation, ave:age particle size (diameter) 

and specific surface a:ea and the results of observation 

20 of the elect:on mic:ographs fo: determining sphericity 

and salidit1 oe the silica pa=ticles obtai~ed in 

E:<arnples 2-4 and Comparative =::cample l were as follows. 

As a =esult of analysis of the obtained 

sphe=ical particles, the concentrations of the contained 

e:ements Na, K, Li, Ca, Mg, c= and Cu were all below O.l 

ppm, with Fe being 0.8 ppm in the examples and 
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compa=ative example. A~so, ':~e concent:ation of U was 

· -·-an '' · """ b · c· se ........ _: ·_. e ... _· ...... e ,..._,...r:cent:a~.:..:)n _ess -·· ..; • ~ :'9 :..~ -:?a ~ ca , .. .., 

-­..... _ 

~i~ed jy t~e above-desc:i~ec ~et~od, was in a =ange of 

• --? 2 ··s;~~ : .... d:c~-:-.... • / - • ~ \.-uL t ~ •• _ _ ·- _ •• g • f - I s:..gn..:.::car:4: 
\ 

a~o~g ':~e examp:es. 

sohe=icitv and solidi':v as - . . 
determined bv elect:~n mic:og:a~hica: obse:vation o= . -
obtained silica pa:ticles, t~e sphe:ical silica 

:>a:tic:es obtai:led in :::xa::-.?:..es 2-4 we:e t=:ose in ..,r.:.c::. 

:s above was mc:e ~han 90%, an~ t~us t~ey we:e exce:lent in 

bot~ sphe:icity and s~==ace smcot~ness. Also, these 

sp~e:ical pa:tic:es a-~ a:: sclid, a~d the:e was 

ad~itted p:esence·of no hollow sphe:e. 

In the case of t~e si:ica pa:ticles obtai~ed 

20 i~ Compa:ative 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 ave:age size (diameter) of the obtained 

silica pa=ticles, the measured value of specific su=face 

25 area by 3ET method, and the ratio of the measured value 

of specific surface area to the theoretical value 

calculated f :om the above-shown equation were as shown 

in Tables l and 2. 

This Sheet Has Been Rer!ac.:d 

1111111111111111111111111 
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T~e speci:ic gravity of ~he obtai~ed ~----~ 

~a=:.~c-~s ~as 2.20 ~~ a:: cases. --

I 
I 
! 

2 

s :.J: 
i .:or.ce::-:.-
\ -:::.- ... .-...- .. ..., 

;\:,:~: __ ._ __ ... -·· 
: ·,.;a~e: 

~a.:,..~ ::.o:- =o,. 
: I ::---,;::) - -

l er.tu:.s :.c·n 

2-:1 
.2-2: 

20 

15 

: 2-3 l 10 

:'aa le :.. 

s.:..:.ica 9a:::.c.:.:s ~a:.:.o c:: 
I \ Soc..-:=:c :r-.east.:.:ec I 1 ........ ! "':..-----
,~~e-- I s··-~-~ 0 a-""::. va:ue o:: I . ~--~-- ---
1 ace t (- ';·l"r) - .... e,.. • - · - -I • . ~ I ... - '::i ::. ::' - - - - '- I 
·C~am-· su-=ac""' a-c.a I I M - I '"I'll-, - I -- - - -' e:.er .• eas '· _ .• eo -o -· .. e,..,."" ... : - ; ., I -c.c· !-=-;a· i'- '-·· ._. ___ _ 

( '.J.:n) U-- :--~-c -1 ca~ ··a~··"" 
. .. . ... ' - \I ---I va• 1•c.: ""a ne : _....,_ : I -- ! 

6.5 a.a 
2.0 2.5 

1.7 2.8 

':'ab~e 2 

0.420 

1. 365 

:.. • 6 06 

. ..., 
- • ";j 

1.8 

, .. 
~ • I 

: s....:.:.:·..:: :.c 1 

1 ac.:.c I s.:.:.:.ca ?a=~.:.c:es 
' I i cc r:c=-:"' - - ~ - ......_ __________ __. ::tati.o of 
i :. :.or'. :.~ I 
1 ::.c ... -=>,..u- S":J_ ec.:.:.:.c 

measu::d I ' - • -.- - I 
':;IP""''-----'~ '•Q- j -='·("'-:J~ ""' ··-·· 1

1 
S" 1 =·· - ; -- .1--.v-- - :_ su:::ace a:~a -·-··• --= ------- agQ I - ! ~lo. i acid I - (m2/g) 

val:.:.e of 
s-:Jeci:ic 

su:face a:-ea diam-
' 

sc:ut.:.~n 
e-~- !-teas- Theo- to theo:eti-

:or '- -- ca: ··::=.. ,. ~ 
i (µm) ~:ed :etical \I----

I emulsion va2.ue va:ue l ( "N't') ! I 

13-:. , - 12.5 0.5 0.2::..a 2.3 -:l 
?:xamolel - 3-2 10 11.3 o.s 0.242 2.1 

3 
3-3 3 9.5 0.7 0.287 2.4 i I 

=:xarnple 
4-:. s 11.2 o.s 0.244 2.1 

4 
I 

Comp. I 1-1 j 3 10.l 1.4 0.270 S.2 
:::-:ample 1-2 s 10.8 1 - 0.253 5.9 --:> 

l 11-3 10 11.2 1.9 0.244 7.8 

I 
I 

I 
I 

I 
I 
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C:.A!MS: 

11111111111111111111\111111111 * c L M S * 

. . . .... """'r"":".::::r.- .... -::i . .;:,!:"' ..... -- ----

.. . .. . . ... . . ... . . . aq~ec~s a_~,a..:..:. s :._.:_ca~= so~ :.:.:..:.c~ ·Ni. -::l ar: -=:mu~s :.=:: cornp=:-:.s :.:-:..g 

. . . -::::-eac:.::g :::e ge..:.. 

· ·-- ~---~ -~ ... - ~a~~1·-~-- ... ~~ s ~.:::>-~--· s~1~-~ 
c::::-y: ...... "::: .:;I. - - ..... - ...... - .._._ -·-·•::: '-'·•- p1 .. -- --a- -- -'--. 
2. 

o::i•:--._.:,:::.o• · ~ a~ :.-a' ~ - ~' .; ca"""" so 1 ..... .; c ' - .,._ _ _,, • .; .. ..:e,..; .; - ,_;.."" =o-:n o: 
gs.._;__ ~- ~-"-- ..;.._ :»--- -- -'-1.....~ r. _,:::. .:::'-·~ , .... _ - --· __ ... _ - --· 
a wat:e=-i~-oil 1:W/'J) t:.Y?e emulsio::. ccnt.ai::.i::.g ar. aqueous 

oa=t:icles as a dispe=se phase ar.d .;- wti~~ t:.~e aq'~eot:.s 

.-.._·. - t,7,,1· ..• 1~'. -·,.......::r. .=...,..... •• -· """'- :...·-~ -,_..~_,,_ ~ ••. _.; -..... _-_.-_ .. _ • .:::c_.; ~~ _::.::_-: ·.....:.:-__ .: r::: 
- - -::::'- ---··i.--.:::t--.:. .. , "-·•- :::."":.. ___ .... ;:J • - - - - -

p:i.ase. 

em~ls~on c~nca~~.;-g an a,........,~o··s a_·,•.,a·_1 i sil~ca~: sol~~~on 
L - " "-'•• -••-•• .;, '-!,l.i.~ ._. "-

and a wat:e=-ir.-cil (W/0) cype emulsion, contai~i::.g an 
aqueous mine=al acid solution dispersed in the form of fine 
particles as disperse phase to produce a spherical silica 
gel, t.reating t.he 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-?urity spherical 
silica conducted substantially as described herein in 
accordance with any one of Examples l to 4. 
5. High-purity spherical si:ica obtai::.able by a 
process according to any one of claims 1 to 4 which silica 
comprises not more than l ppb of radioactive substances. 
6. High-purity spherical silica obtained by a process 

This Sheet Has Been Replaced 
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