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Abstract The spherical SiO, powders were synthesized by the scaled-up ultrasonic pyrolysis (USP). The aqueous SiO, sol,
which contained 20~30 nm SiO, particles, was used as a precursor for the scaled-up USP. The effects of the USP operating
conditions and precursor conditions were systematically investigated, including reaction temperature, gas flow rate, and the
concentration of SiO, sol on the morphologies of synthesized SiO, particles. the synthesized SiO, particle showed a
pseudo-crystal phase, spherical morphology, and a smooth surface. The size of the spherical SiO, particle decreased as both
reaction temperature increased and precursor concentration decreased. In addition, the synthesized SiO, particle size was
increased by increasing the gas flow rate. Lastly, the scaled-up USP was compared with the lab-scale USP based on the
same process conditions. Due to a short retention time in the reaction tube during the USP process, the SiO, particle
synthesized via the lab-scale USP showed a larger particle size.
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Fig. 1. (a) Schematic diagram, (b) photo image of scaled-up
ultrasonic pyrolysis system and (c) lab scale ultrasonic pyrolysis
system.
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Fig. 2. TEM image of SiO, precursor for ultrasonic pyrolysis.
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Fig. 3. XRD patterns of synthesized SiO, (20 wt%) at (a) 600°C and (b) 700°C.
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Fig. 4. SEM images of synthesized SiO, (20 wt%) at (a) 600°C and (b) 700°C.
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Fig. 5. Particle size distributions of synthesized SiO, (20 wt%)
at 600°C and 700°C.
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Fig. 6. SEM images of synthesized SiO, with various concentration of (a) 10 wt% and (b) 20 wt% at 700°C.
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Fig. 7. Particle size distributions of synthesized SiO, with
various concentration of 10 wt% and (b) 20 wt% at 700°C.
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Fig. 8. SEM images of synthesized SiO, with various flow rate of (a) 30 L/min and (b) 70 L/min at 700°C.
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Thete ),

Z29E Qs AAE A7Ae] vA] HHE o]dEhe
2 7IAY I SEE xg*é]@# SHEE Sio, YAk
of mR= Gl thaljA] RIS ¥he- 2%+ 700°C,
;ﬁ%ﬂ o] FEE 10 wt%= 178%’1;, +HE 7)Ae] &

n:lJ
n

T+ 7}ZF 30 L/ming} 70 L/min® 2 Z&E A}
Fig. SE 24t 71Ale] I &= WE Sio, YA
SEM Z3tolt}. 24t 7|A|e] g5 Lol A glo] &
A Sio, 9= 27 9 nm Hold F oum =27)
Hee] mjze]e FHE 7+ Sio, YA 34
H Ze] ﬂrﬂlﬂ?it} olgigt Si0, YA FFe] A
RE X4 FEAeE Yt Fig 9= &8 7
Ao 7 &= HE PAE Sio, YR Y= BX

ot} 24k 7] ]-°4 - X9 A%l 30 L/mindt
70 L/min $7H] 27 2% g A9 9w BXE B
Fom, A d=E ZH7h, 247 umet 2.59 pm= om
S7helslth. @xt 71A|9] g &5 ¥sle] wE HEd
28 30 L/min? 70 L/minollA] ZHzb 41.47 m’/g, 58.29

—_—

15kV  X5,000 5um

(b)

0000 1540 SEI



Synthesis of spherical SiO, using scaled-up ultrasonic pyrolysis process 17

m’/g2 SAHEAL. AAF oz 2t VA0 FF S
7F F7¥eel wEt Wit Y=o} H|EHA o] FUlsIiTh
N 7IA I S5 A ot e AR =2
7I7F e, ol 24 VAl 3 ST 239
olal] A== mA HAe] FA7]o FIFE wH kL A
z7¥ek = Qlt}h. SHAIYE Bogovic $2 A ATollA
USP 34olx= 24 71319 35 &7t viAl 43¢
716 fagk YFES VXA Gerial BASHATH17].
20 71AY] I S5t vAl Ao A7) fEek
S WXA] Sk mA] A ] Wk W AR AR

of thall el B 4 ok vhEE Wi FolA{e] 7]A] o]
5 % =(flow velocityy= 30 L/min2] 2RF 712 35 &
oA 17.28 mm/s, 70 L/min °IA+ 40.32 mm/s & 1}

Bhdth. olHg AR wo} gub JlAe] R st
Z7Kgel weh oA o] W oM AFee A

Zbo] zhasiltke 2l AR 5 Siok w4l
dAel HFAI AR S0, AR ALst A
o7 A JAYHJIL, 70 L/mine] ¥t 7|A] 35 S5
oA € Sio, YA A7N7F diH ez A vt

o o Adsigitt. o] A= 94 Taniguchi 5l

USPE ol83l] LiMn,0,8 e AgelN gt 714

o 7 £=8 2FY2 vo] FskE AUHIL).
sANYSE AP FRe] 233 B e 3

Alele] Ffolge Fohu] 9lsl 2AAYE 2} BT

R FAAM 7P 2 HAYEE Hol W
700°C, ATA T 10 wt%, €8 7] 2355 30L
min 243 L 2NN A R 25T}
¥ disl 39S Jds. v Agd 345
ALY Aol AHgE wkgHe] A7Vt g=2u= v

2= 4 7|Ale] 452 2AYY 3 Y

8 o) 3}
ACF 17 mm/s) 3571 s AP gl 2ub
714 %’——EL —’-'T—E%: 3L/min®® AAsAt}. Fig. 10

z}m SiO 17+ XRD, °‘E E—E,

63])?3]'1_]7/\ ‘EEPiE} Y=
A Aol g A9 Q= BEE HloH, ﬂ&
ULEE 2.56 um=S Btk 5 279 2AYY 34
oAl $dE Sio, YA 3 7} 2.47 pm$iTh.
3t Aol AFA T8 Sio, YAE 2ALA
9] Si0, YAl Hlsl Ha Y=ot Avke Ae g
A, ol Wk o] o 93k oz Helth
ALY gl AREE W] o= 2300 mmo] L,
Asla FAo)| ARgE weEe] Zol= 1300 mmo|Th.
T ks el 328 ek 71419 ffo] 2o £
EF ARLS mRo] B u, A FAAM 9] vk
ulH dFe] AFAIZE] JFoR g e &

=l
y 0
H‘I

—\> of &

3000 . T . T

2000 - .

1000 - .

Intensity(cps)

0 T T T T T
10 20 30 40 50 60

2-Theta(deg.)

(a)

15 T T
10- ]
<
T 5 .
o_
01 1 10 100

Particle size(pm)

(b)

20kV  X5,000 5pm

(c)

0000 . 16 40 SEI

Fig. 10. XRD pattern, particle size distribution and SEM image

of synthesized SiO, via lab scale ultrasonic pyrolysis (reaction

temperature; 700°C, concentration of precursor; 10 wt%, gas
flow rate; 3 L/min).
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