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Tacage aving Toha desirad Sroperzia ALsC, = zrzcund
31-133 particlss having shard 2Cges Zand IS Taus2e 2arly wear
2I o2 meliing Zia ans Tay Dreak hrsugh zs suriaca
gretactivea Iilm 3I ths chip 2o damage aluminium wiring on
ine Zhip.  In viaw oI tha abowve, thara i3 a3 Cemand Iin the
induszrvy Zox Sigh-zurizy sgherical silics naving Li--la
Sapacity <o raduce the Iluidizy of zha 2ncagpsulazing
mataxrlac and which 1s subscantially fras fram sharp adges

grcgesed Ior producing nigh-puricy spherical silica:

(L} Pcwdersd high-purity silica is Sused in fiames !far
axamp.s J2-A-33-1435-3).

(2} AN a-kvl silizate is aydrolyzaed =o form a scl-lika
sc_uticn trerscI. This solution is atomizaed in a hea-ad
medium £T Zorm granulas whnich are dviad ang cnen fused in
flzmes Zor sxampla, J2-2-53 2233

{3 & Sillcen alksxida is avérclyzad oo Sovm a
sartizally condansed scl. Afraw ramcving alcohol IZrom the
sc., it is discers

accve prior art has been achiaved undew ondicions whnich
allow progress of gerfact calcinatior - til the po
became less than 0.01 ml/g, in consideration of possible
changs of silica into hydrophobic type, streagth o a
silica particles ard other mattars.
' There is required further a higher purity of filler
in the encapsulating material to pravent cr minimise
occurrence of soft errors in advanced integracted circuits
and associated electronic parts.

A nigh-purity spherical silica adapted to meet the
industry's needs would have a low content of impurities such

as alkali metals, alkaline earth metals, halogens and
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croducing Sgn2rical silica nave fhe Icllowing Tyomiams

T2 garticles cbtained according o ths metihcd (L}
ara low Lo sghericity znd in2ifsccive Ior improving
fluidity.

AScorZing to the methcd (2), zhe silica garticlses
produced Ircm aifmizacicn vary i size degending on the
condicion ¢ tThe scl solutlion, and iz is difficulz to cktain

erical silica particles falling in che desirad sizs

ange .
N 3 2 3~ | 3 e
The sToerical silica pa::;c-es gpeaiinad acc johBeles
- =aa cxzd {(2) or (3} ghvyinle ovazgsliy wrar calcined
o - mesila V&) L Y ) SLTYT.XK :-‘_a—..j nen Ccas aaleia,

forming particilas with pcor surfacs smececihness or surlace

- ! = = ! b ] - T
unavannass. —-3CK CIZ sUYIzaCa smectanass 2303 TO LTW

- S . . s G iimiane
Toe methcecs (2) zard (3) involve t{he acddiTiconas
- = o . o . .
DrocoLam CI nLgn 20st ¢l the mactarial used anc asnso

silica having sharp edges. This is true evan when the
lling rate of £iller in the encansulacing materials is
nigh. However, such improvement in encapsulating material
uidity as thers is not so remarkable. Accordlngly,
herical silica having high sphericity and excellent
surface smcothness and suited for use as a £fillexr for
encapsulating materials has been a want in the industry
SUMMARY OF THE INVENTION

An object of the present invention is to provice
nigh-purity spherical silica suited for use as a f£iller for

encapsulating materials of electronic parts, which silica,
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18 invans isn, an

cerizaining zn acguacus algali silicacte soluzicon and an
amulsicn conzainine &% aguacus minaral zcid sclizion ara
Trazaxad. An AG1SCUS alkzli gilicz-a scluzicn and an
aguecus minaral acid solucion are separataly dispersad, in
Zhe Zorm cf finas rarticlas as cisperss shass, in rasgeczive

tne above-mentcioned agueous so
oLl {W/0) type emulsions.

An aqueous alkali silicate solution, a liquid £o
forming external phase an 14 an emulsifying agent are mixad
and emulsifisd by using an emulsifier or other appropriate
means Lo pra2pars a W/0 Cype emulsion containing an agqueous
alkali silicate solution.

Similarly, an aqueous mineral acid solution, a
ligquid for forming external phase and an emulsifyving agent
ars mixed and emulsified to prepare a W/O type emulsion
containing an aqueous mineral acid solution.

The alkali silicatas usable nere include sodium
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Ths =SnCanTracticn 2F 5ilicsa dS 310a~, i zha
z

Agu2CUS a-xkall s:lizara scluzicn is Sralarakly Lo oz range ¢
I 22 22 wI¥%, mera Zra2laradly 13 o 33 weoy

-2 flneral acids usadle in the amulsicn
prapaxacticn include sulphuric acid, nizsio acid,
avdrochloric acid, a-cs , DUI sulshuric acii er nLTric oaciid
15 pralfarzzl-s usad
. The =acid Concentration in the solution ig in a
.
fange o 1 to 30 weoy, Sra2fsrxably 3 o 15 wr¥. -

The amcunat ofF mineral acid to be used is crogerly
Gecided in accordance wis=n Coe amecunt zf alkali in cha
agquecus alxall silicats sclucien Zorming cne c¢f the
2mi.sions usad in thig invenzicn. The amcunt of Ninaral
2Cl2 15 adliuszad sg sha- =% minarzl zcid o alkall molax

e - ..
TARATLC Wliio zall wighi=n o a Tange ¢ .1-2.

A5 The liguid fa- ZIorming sxternal shase, tharas is

: 1 P 3 Tyym s
MIl2r¥zal acid solurni

c
ils which may be ussd include aliphatié
“ydrocarbons such as n-octane, gasoline and kerosene,
alicyclic hydrocarbons such as cycloncnane and cvclodecane,
and aromatic hydrocarbons such as toluene, xylene,
ecthylbenzane and tetraline.

The weight ratio of aguaous alkali silicacs

-—

sclution to oil and the welght ratio of agueous mineral acid
solution to oil are both in a rangs of from akbout 8 : 2 to
about 2 : 3.

For emulsifying agenc, it is possible to use any
tyoe of emulsifying agent provided that it acts to stabilize
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Zhe W2 Tuze amulsions For in
strong.yv >lacgnilic surfiactancs
sa~.s >I Zativ acids, callulcse
sc_uzilizy, and the l-ika Iz L
neniLcnilc surlazcTtanmc-.

A3 2x3mplas 5f ocnionl
invanztion zhara mv be menticnag

Such as scrbliian monclaurarss, s
Scrolzan mwencsi2arats and seors:
,pcivoxyetivians sorbican zacey

AnC2. To2r2 zan ze usad
such 2s zSelvralanc mercgl
2tners <l limizad wacar-

3 raccomandad Tz use 3

S suriactants Zor 232 in sha
Scroizan fatIv 2Cid astars

orzizan mcncralmiza-a,

an menselazzse;

acié ascars suzh™ 3s

Sclscxyetavliea Sorditan menclauratcs, Do_yoxyetnylans
scrdizan ucnopalm;:a:a, celyoxvechylene sorkizan
mereste2arate and polvoxyethylana sorhizan mencclaats;
Tolvoxyetnylene fatstv acid ess 2rs sucl as polyexyatihvlenas
mCn3laurate, SOlvoxyethyisne mencs-sarica and

TSl nvlens Toncciazza; arnd glycersl Zatzv acii sszars
Suca 2s st2aris acid meneglvcaride znd claic acid
mcncglycerida,

The amcun:z of :ha erulsiiving agent Tz e addsd is
it a ranga ¢f 0.1 to 5 wty Dased cn the aguecus alkali
Si.icate sclution or agueous mineral acid sclutizn which is
T2 be emulsifiad.

(143 Preparation of sprerical silica gel particles

An emulsion contai ning

an agueous alkali sili

sociution and an emulsicn containing an aguecus mineral ac:id
solution prepared in the manner described akove axs mixad
with stirring. The reaction of mineral acid and alkal:
silicate forms a porous spherical silica gel. In the
Process ¢I this invention, the Porcus silica g2l producsad at
tails stage may be one which is solidified only at the
surlace, witih the inside of th parcicle being not

sufficiently solidifiagd because
The order of mixing is

containing an aqueous alkali si
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-~ 13 -
3v zhis traatment, the emulsion-like reactlon

tiquid i1s phase-separated iato an olil gnase and a Jhase

af a silica gel particla—-dispersed agueous mianeral ac:id
soluticn. The sil ohase constitutinag tie upper laver ¥4
3 the -ig:iid mav de separatzad and -accverad in the usual

gel parzicles (Stz2p 2

As acid, there can be used mineral acids.such

vsed, Tha2 acid cocnacentraticn £
is 30 wt3 or lass, preferably in a range oI 3 to 20 wWtE.
The acid treatment in this step mav De
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 multl-stage
reatiqg system in which £he 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

r

is recommended o conduct the

}e
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extraction operation at 50°C or above. It IS scas-vaz O

o - ~4 H - * - -

:'.-:,'t".e: than the polLilng Toinz O thoe Tr=zating sco.ucion

- - — ~~ . P - -
LnGRI NCIXEa. DIassure. o nlgner the campeTtactur2, oS

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

nazchwiza cperazicn and abcut 30 seconds to about 20

nours in the case o conitinucus coperation.
{nad .y~ -~ - T e Y - - b )
Zna hydrous spherical silica particlies wnlch
nave undergone the acid trsatment ars then wasaed Wilnl

further subjected to dzacidificazion ané denvdration
crsatments which may involve f£i
The acid used in the process of this ilavention

is preferably a refined or high-purity prod

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

"electronic grade". Also, the water used for dilution
oI the materials and the acid used in the process or for

wasning of silica is preferably pure water with few

37 the treatment in this step, the content of

impurities includiag radicactive elements in the silica

particles is remarkably lowered. Specificall

b -

vy, the
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each element of alkal! metals such as Na and

line =arth metals such as Mg and Ca is reducad
an 1 pom, and the cecntant of radicactive
uch as U and Th is reduced ic 12Ss fhan 1 opb.

Y

AL3C, elsas

N
or
"
-
it
fu
)

. .
~iXilviaticn of

13

/ca.

silica

ramoval

Jcunc watar 1s nard o remcve pecfacily even LI heated o
2 tamperature above 400°(.

The hydrous spherical silica particles ace
subjected to a drying treatmen: Zor removing acdherent
water and further subjected to a calcining treatment for

removing b

process of

cles

excellent

a drying t

ound water and compacting the silica parcticles.

The silica particles obtained according to the

this invention are the fine spherical
having a particle size distribution in a range
0 um and an average particle size (diameter) of
© 15 um, but as they have high sphericity and

surtace smoothness, they can be subjected to

reatment without agglomerating with each
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zrocess of tais iavention nave high spnericity and

axcellant surface smcothness, sc that they can te

calcined wlithout causing sincering ¢f the sarctlcles 2ven
3 = I - - =~ s -
3 LI tnhe partlcies arse nct kaept inoa Iluid sctate curing
thie ca.ililng treactment, and Icor zarIyiag out such

lica parzicles is

b4

perZiormed by keeping the parzicles in a fluid state,

such as f£fluid firing furnace, rctary xiln, Zlame £iring
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Accordiing to the process ¢ the prasent

9

-q--
Lav

D
'
r
’ 1]
8]
03
-

’-A
s

is possible :to cbtain the high-purity

son

1]
"

ical silica particles haviag excellent surface

20 smocthness, a high sphericity and a vary low content of
impurities including radicactive elements such as
uranium by using an agueous alkali silicate solution as
sta:tiqg material.

The high-purity spherical silica particles

25 produced according to the proc

({1

n
(4 )]

he present

T

§s ©

invention are notably high in

urity, excellent in

'y

surface smoothness and also high in sphericity as

compared with the silica particles obtained with the
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nelow witn r2fsrsnce o the examplas and ccomparative

axamplas. '. Zallows b 1 h
axamplas. The Z3llowing examples, howevers, shculd aot

ne conszrueé to limit :the scgpe of %he presant invanzion

-y EZxample 1 -

sgroltan mcncoc.zata oduced by Xao C .) as emulsiiv-
i3 ing agent, an cill (ISCSOL 400, a satu-ateé CL5 hyiro-

Nippon Sekivu X¥) and

f
%,
D
.-l
18}
vy
g
3]
of
.A
0
e
.J
ey
e
wn
wn
v
s}
feN
n
(4
’.l-
"
(3]
1]
[o N
o

y an emulsi-
fier at 18,f T r L
er at 18,000 r.p.m. for one minute to prepare 268 g of

a water-in-oil (7% i ini
20 r-in-o0il (W/O) type emulsion containing an agqueous

i : ; ;
Meanwnile, the surfactant, the oil and a 5 Wty

fu
0
¢
1)
0
=
0]
n

01 -5 3 : :
ulphuric acid solution were mixed in a weight

ratio of 1 : 44 : 355 i8]
< Q 44 : S5 and treated by an emulsifier under

o
vy
(r
23
M
n
u
a
14

conditions as described above to prepare 842 g
. .
of a W/O type emulsion containing the aqueous Sulghuric

acid solution.
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spherical silica gel particles and

The water glass 2mulsion was addeé =z =R
sulpnhur.s 2Cid solution emulsion wizh stirrzing. afzer
acddLTilh Was cocmpilatec, stissing was Surszher conzinued
at oaQm t2mperazurz Scr gne mour. Then 1,000 3 of a 13

100°C

MLX8C LIGQUIC Was aga2t2C o

was separated into an

phase (upper layer) and an agueous phase (lower layer).

The oll shase was removeé and

na

b

silica gel

wasiaed

- - e .-

immersed in a freshlv prepared 16 why agquaocus sulrhuric

cid solution, one hour to extrach

for

impurities and then washed twice with pure water of an

amount 10 times the weight of silica gel.

repeating the above extracting and washing operations
twice, the obtained silica gel particles were washned

with pure water until pE of the washings became 4 and

then dehydrated by using a Nutsche funnel to obtain

hydrous spnerical silica cles.

pooe

arc

0

(3) Calcination of hydrous spherical silica particles
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The thus obtained hydrous silica part.c.es

(8 1]

were driad covernizhz az 120°C o cbtaia 70 g sf dov
sillica particles. These dry silica pacticles were

ciacad in a guarctz-made beaker (cne Licre) and calcined

lting silica par-zicie
sthowed that the ccnecenzrax=ions of zhe elements 2 alkali
mecals sucdh as Na,

as Ca and Mg and transitzizsn metals such as C-o,

wer2 all below 1 ppm and the =otal concenzrazion of

P - - =

<n2 ma&nner cescribed sefzras, was 1.8 uS/cm.
M a g~ PO A 33 -
-8 aveIrage partlc.e size (cLametar) of tne

The specific surface area cf
measured by BET method was 0.5 m2/g, which was 2.1 times

-

tne theoretical value.

articles

fl

Also, the obtained spherical silica

‘g

were tiose in which the content of the particles with a

o]
£

spaericity of 0.9 or above was more than 90%, and both

.

sphericity and smoothness as judged e electron

n

o

Tom &

micrographs of the particles were excellent.
According to the secticnal obserwvation of the

particles by electron micrographs, all of the spherical
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The procedurs of Ixample 1 was followed except

-
-
.-

for use cf the agueous sulfuric acid soclutions prepar

({4

to the su.shuric acid concentration 6f 13, 10 and 3 wti,
espectively, for preparation of emulsion containing an
aqueoussulphﬁriCacid solution, to obtain the spherical
silica particles. The resul:s of measurements and
observgtions of the obtained silica particles were as

shown below.

Example 4§

The procedure of Example 1 was followed except

that the method of addition of the emulsions was

This Sheet Has
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changed, that is, an emulsion contalining an aqueous
suighurizacid solution was added to an 2mulsion

containing an aqueous water glass solution to odbtain the

spherical sillca parciclas. The Iesu.Lis OL WMeasuIemencs
ané cbservatlions 0f zhe cprained sillice partil.2s werls2

aAsS SOCwWn Je.lw.

Comparazive Zxampls 1
he procedure cf EZxample L was follcowed excegt
nat an emulsicn containing an agueous water glass

soluticn was added to tne non-emulsified agqueous -

observations oI the cbtained par:ziclies wers as shown

13
o
)
"
W
0
£
'_-l
(4]
0
(o]
m
+

deasurament O

n
.'.4
H
g
r:
|-‘
v
~.

0

(r
(o]
[ g1

cntent, electrical conductivity of the extrac

ing lixiviation, average particle size (diameter)

‘A
'.—l

o

o

and specific surface area and the results of observatlon

| add

of the electron micrographs for determining sphericity
and sol;dity of the silica particles obtained in
Zxamples 2-4 and Comparative Zxample 1 were as follows.
As a result of analysis of the obtained
spherical particles, the concentrations of the contained
elements Na, X, Li, Ca, Mg, Czr and Cu were all below 0.1

ppm, with Fe being 0.8 ppm in the examples and
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20

comparative example. aAlso, :the concentration of U was
Zess than J.1 b in s2ach case, wWwhlle zhe concentraticon
of Th was In a range ¢ (.4-0.6 ppb, prasenting no
signiflcant Zilisrence amcag the axamplas.

PR < o = ) . =
2838.L ITnQUCTLWLIY €2 Tnhie 2KTTact c:-

dollling lixiviation of the silica paczicles, as deter-

among the axamplss.
As ragards sphericity and solidity as

determined by electron micrographical observation &5 the

abcve was mer2 than 90%, ané thus thew were excellent in
both sphericity and susface smco:thness. Also, these
spherical particles ars all sclid, and tnere was
admitted presence of no holliow sphere.

in the case of the silica particles obtained
in Comparative Example 1, the content of the particles
with a sphericity cf 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
area by BET method, and the ratio of the measured value
of specific surface area to the theoretical value

calculated f£rom the above-shown equation were as shown

in Tables 1 and 2.
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The specific gravity of the obtained s._..a
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in all cases.

§.3- a Razio ¢:3
i oncenz- | Spec.iic measurad
Qnatfi:-Cﬁ in {aAVeI—| gurfase arsa value of
{mepmmey T m ot watsr acge -l = IR~
2XznoL2 : #ad.2J ek (.Lx~/g) SDec.Z.C
NO.. c1ags Zpr Eilam- . su-Zace area
' P \ a-ar leas—-! Theo- oo oo
temulsicn =-2L 1° s i . 150 Checgratil-
! [ oy : ured retlical - .
L {wty {um) o LSS cal wvalue
i value: @ wvalue !
- - |
szamplezl—li 20 5.5 0.8 | 0.420 ~.5
- s | L e
3 2 . 2=2 13 2.0 2.5 | 1.365 1.8
1 r -
] 1
i 2—3| 10 1.7 2.8 1.608 1.7
Table 2
f wliuzic o :
: acid Silica particles
: ccncencra—- Ratic of
: tign in measurad
wa| 3Guesus G, Spec.i.c value of
Zxample 7| suliurzic ';‘; i surface arza soecific
{No. acid dig; (m2/g) sucface arsa
! -~ gyl ~aiT P -y A -
i .SV-—:.s-on ete: Meas_ Theo_ e \...EO.‘E -
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- A nvacas = < H D e = - T
- ™ ¥=2e2SS ICr greducing flgn-gurilzy, spharical
- - - -~ . -~ . - 2 .
S-SR, WRLSO Somprises mixing an amulsiosn comrrising an

AQuecUs nineral acid scluzisp s=o oroducs a silica gel
cecmorising subs:an:;ally sphaxrical silica, treatling the ge
W--o 2 minera. zcid to Zorm avdrous senerical silica, and
érying and then calcining the spherical silica
2 A procesass dccording to claim 1, iz which =ha

a wacer-in-oil (W/0) tvoe amulsion

centaining an acueous
alxali silicaza sclucien cdispersed in the form 2f fina

Darticlas as a disperse phase and in which the agueous

in the form of a watsr-in-
ol {W/C) zZupe emulsisn, tha agu2cus mineral acid scluzien
Deing dispersad in tha fors cI fine particlss as discerse
Dhase
2 A Trocess ZIor Sroducing nigh-purityv soherical
L.1ca, wiich cocmerisas Mixking a watar-in-oil (W/0) Tvoe

ueous alkali silicazs solu-icn
cispersad in the form ¢ fine pParticles as disperse phase
and a watar-in-cil (W/Q) type emulsicn, containing an
aqueous mineral acid solution dispersed in the form of
articles as disperse phase to produce a spherical sil
gel, treating the obtained spherical silica gel with a
mineral acid to obtain flydrous 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 Examplss 1 to 4.
5. High-purity soherical Silica obtainable by a _
process according to any one of claims 1 to 4 which silica
comprises not more than 1 PPb of radioactive substances.

6. High-purity spherical silica obtained by a process
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