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Silica particles are used in many industries and in laboratories. In recent advanced technol-
ogies, there is a need for the particles to be more uniform and have a widely controllable size
range. Silica particles have been produced by means of agitation or using porous glass mem-
brane to make a water glass emulsion and then solidified into silica particles through the de-
Na processes. Usually they have a wide size distribution and narrow controllable size range
by using ordinary methods. The authors proposed a new method to produce uniformly sized
silica particles with a wide controllable range by an application of electrostatic atomization and
solidification method. The water glass was dispersed into uniformly sized droplets by an ap-
plied dc voltage, then collected in alcohol solution to solidify their surfaces by dehydration of
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water from the water glass, and finally they were converted into solid particles after Na was

removed by sulfuric acid solution.

itial diameter through final processes, although, in ordinary methods,
agulated or dispersed by an agitation process for solidification in acid solution.

The proposed new method made it possible to keep the in-

the emulsion were co-
It was found

that the silica particles with a uniformity factor of 0.099 were produced by the proposed method

with a controllable range from 30 to 500 #m.
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Table 1 Properties of water glasses.

Water glass

No. 1 No.3
Naz20 [%] 15.88 9.47
SiO2 [%] 33.14 29.24
Molar ratio (SiOz/Na20) 2.16 3.19
Density [kg/m3] 1, 600 1,410
Viscosity at 20°C [Pa « s] 30.8 1.85
Electric conductivity [S/m] 53 40

Alcohol

7
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Na,0-xSi0, (9H,0)

Na,0-xSi0, I Si0,

alcoholic dehydration ’ removing Na
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Fig. 2 Solidification mechanism of water glass
droplets by alcoholic dehydration.
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Fig. 3 Illustrations of
water glass in air.
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Fig. 4 Effect of applied voltage on mean diameter
with electrode distance and liquid flow rate
kept constant using water glass No. 3
where 1, I, and I are dispersion patterns
shown in Fig. 3.
Electrode distance : L =15mm; Liquid flow
rate : @ =73.1 #l/min.
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Fig. 5 Variation of mean diameter of forming
droplets with varying applied voltage in
uniform dispersion region where electrode
distance L is 15mm. and flow rates of
water glass No. 3 are O:73.1, A:36.7,
0:20.3, @:12.4, and A :5.3 ¢l/min, res-
pectively.
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Fig. 6 Effect of flow rate of water glass No.3 on
mean diameter of formed droplets in uni-
form dispersion region where electrode dis-
tance L is 15mm, and applied voltages are
A :14kV and O:5kV.

ZHLALE) Whlc» THIETE 3 & Lhvbn e
/LT OBEBRLOTFIRC 5\ T, BB I
B E LCRRO= 2 7 — VKB RER LT, HE
LA RIGTER & OBIRE R TR Y, RO L FEORS
BAME LTS, Eio, (D IAERIRRERLS B
ROWED 0.43 FTHAIT 5 LE LTV D55, KB
geeit 0.60 MBI LT e, & B2 LR
LU, AT GRS 5 ADKERE D &
Eizbhb.

4.2 BLF K

4.2.1 BEROEVICLEZS ) ARFORROEN
LB, /LSRRI LicK oy 7 ARR A K,
i bV 7 AW OVERM T - IR T LT
YT REL D LRI ARERE K Y T A DRI
SR, RN Lichs, Rz ey 2R &7
DEIL I B ot S, KT A LAETRERNL
S Ak CRERTER Lisw o EBREREE VW2 5. T
bR, Ky T AL L L BRI TH R

BESFLE 8202 H58 (1996)

HEHETH SO THLBERDHD L\ 2 5.

F T, TAa—AOEORUKIER EhE LToWE
CEB L, KFTARRET N2~V RIiE T LR
LR R, FHBCRR LU+ Y Y a%fT- T
Wy PRFEED &0 FTEERAL. ok,
P, 7otk EFsST L LT 5.

4.2.2 KHIRETLA=LICEBHFHKOEN

BRI U H BT OB LcT v — v ROKAT Z
ADFIRO =D, BBREREL CELE Ry ) 7
BT ORERBE L. FRLET A =ML, AF7
—, =R )=, 1Tt 2-Fut) =
OF R =T, KFFAXLE, 3BTHS.

ERRIT OV BEME TR YK 7 R T, B LEE
AR =, =R ) —, FTr)—AOIHCEL S
25, ERPITFAEET L E, 2 X/ —LOBEROOE
N EE-TWieh LTED, =&/ — L OBEIIR
P LBALTHE. Thied LT, Fry —LDBE
BRbESTHE CTh - fo. Fl, 1-Fr3 —n g
2-F w3 ) L EDOBMIRONT, T& 7 — AT
{bT&lehote. KFFTA1BEIERHKTAE, 3
FOFPEHRBRTHELRLT .

T = A Lo TERBNTFORRA R 2EAE L
Tk, BKEESPBBEF BEHRLTVSEELDNRS.
Fi, K¥FAZENFELLLT VO, KFF7ALE
LI LT (Si02/Nag0) AkEWiedbbELD
ha.

4.2.3 B{LATBORBOLE

MR LI X 5 THER LIcky T A DRSS,
(bt & TR IN B0 E D RTINS DI, EINEE
4.2KkV, K% 7 AWE 20 pl/min, EHERIEERE 156 mm

AL Lok 7 T AR L, BKEDr (Bt )
v AT L, B Y v atko v RTORES MY
g Uz, W7 Az — L 2-F a8, — 1 ThHD,
HBENCRLEE X 0 B S R, B E T
el T b Z DR I e

B 7 3MEO7TAa Ao TELLIKY T 2 3 S REOEMETHR

@ AFATFra—N, b) =FAT A=A, € 2-FTREALT N,

Fig. 7 Microphotographs of solidified droplets of water glass No. 3 after
processing by three kinds of alcohols.

(a) Methanol (b Ethanol

(c) 2-propanol
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Fig. 9 Comparison of size distributions of solid
silica beads hetween droplet formation
methods of water glass No. 3.

(&) Droplet formation : Electrostatic atomization
with applied voltage of 4.2kV; Solidification:
Dehydration by 2-propanol. Liquid flow rate:
5.31 pl/min, mean diameter : 35.3 gm, Unifor-
mity factor : 0.099.

(8) Droplet formation : Stirring in n-hexane with
rotating speed of 700 rpm; Solidification : Agi-
tating in ammonium bicarbonate aqueous solu-
tion. Mean diameter : 41.9 gm, Uniformity
factor : 0. 34.

©) Droplet formation : Electrostatic atomization
with applied voltage of 5kV in n-hexane;
Solidification : Agitating in ammonium bicar-
bonate aqueous solution with rotating speed
of 700 rpm. Liquid flow rate : 6.42 pl/min, Mean
diameter : 23.1 #gm, Uniformity factor : 0.41.
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