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Hollow particles are widely used because they have different properties from solid particles, such as low density
and high specific surface area. Here, we investigated the effects of the presence or absence of ultrasound irradiation and
the amount of ammonia added in the synthesis process of hollow silica particles using calcite nanoparticles as a
template. As a result, particles with thicker shells, higher particle density, and smaller specific surface area and pore
volume can be synthesized by stirring with a stirrer while being irradiated with ultrasonic waves than by stirring with a
stirrer alone. Furthermore, by increasing the amount of ammonia added, particles with thick shells can be synthesized.
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Table 1 Addition amount of ammonia and distilled water

Ammonia concentration [%]

Material
8.98 11.56 14.00
Ammonia solution [g] 49.28 65.28 81.28
Distilled water [g] 87.86 75.86 63.86

Calcium carbonate
+Distiled water (Xg) +HH; aq (Yg)
+Methanol 580g
I
| Sonication(600W) and Strirring(10min) |
I
| Methanol + TEOS |

Sonication(600W) and Stirring

Stirring(60min) (60min)
I ]

I Core Shell Particles I | Core Shell Particles |
| «<--- HClags50g ——— |

| Acid treatment (pH1,24h) I

| Centrifuging |

Washing by water 3 times,
by methanol 1time

| Sonication(600W * 30min) |

| ' Centrifuging . |

| Drying(120°C. 12h) |

v
I Silica hollow particles I | Silica hollow particles |

Fig. 1 Hollow silica particles fabrication process

#%, &v bA%—F— (CHPS-170DN, 7 A7 ¥ (¥k))
12T 120°C Tz S EhZe s ) A F 2 R T 21472,

2.2 FIFEH

221 FFHAR

B LTzp22y ) I fFe Ly /7 —)VHIZIRML,

TV HE% (Power sonic MODELS0, ¥~ MRH# (k)
2D 10 BRI Z T~ A 7027 v FIZHET
L 180°C D EZEHZ AT | HiZM 3¢, BRI EES
I T-BAMSE (FE-SEM, JSM-7600F, JEOL) % HI\v» ik
#1148 (Secondary Electro Image (SEI)) E— KN & &il7E
T1% (Transmission Electron Diffraction (TED)) €— KT
gL 72,

222 Y TIVEZ

NI R FIZARBIZE & MR O FICER L, ZBEF
SEMEE (TEM, JEM-2100, JEOL) % w7z, g sh/z
BEOWGIZEVIE L YU AR 71+ 2D,
BERIRE 2T T Ay — 5 —HIEOATHER L2V~
TN S0 AT, AY— T —HEEL 2050 BE KRN 217
WA L7229 Y FIvid 30 AT ENE L TR E R
D72,

223 WFEMM

2y hF I RTFEIY J—IVIZEML, SEM ]

673



2L FAAEOFMIC L ) 58S H 2 mL FREC UKL 54
ML E  (Zeta Sizer Nano-ZS, Malvern Instruments) (2 &
0 R RE AR E & AT % > 720

224 BEREHEFRE

180°C ME.ZEF (< 102 kPa) T 24 BERJW M S ¢ 8%
W5 A5 2418 (BELSORP-MAX, Microtrac BEL Corp.) |2
L0 WEZAT - 720 ERMRE X BET 2 W TH L7,
225 BEXRE

HZER % 180°C T 1 HEEGZBEI TS /) A —¥
(ULTRAPYCNOMETER 1000, Quantachrome) % Fl\ >\ 1)
v MBI T Y 2 VOBEHE T 5 720

3. ERERBLVEE

i L7zaa 4 FiIREEEA VY 7 50D SEM 5 E % Fig.
2ITR L72e SNHDBEHEMD L 50 R T-% W5 L 724
R, R VT 7 A OFPIGRFFEL 81.3nm Th - 72,

BARDT VETIREBL OV A ERNEM TR L
72th223) A1 J K@ SEM BIEKEE (IREFG -
EWE TR B LU TEM BIEHER % Fig. 3, Fig. 4 1IR
L7z Fig.313A % — 7 —#EDOATH L 72K ¥, Fig.
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Fig. 3 SEM, TEM images of hollow silica nanoparticles without sonication
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Ammonia concentration
(8.98%)

SEI

TED

Ammonia concentration
(11.56%)

Ammonia concentration
(14.00%)

Fig. 4 SEM, TEM images of hollow silica nanoparticles with sonication
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a) Particle size distributions of obtained hollow silica nanoparticles
without sonication

b) Particle size distributions of obtained hollow silica nanoparticles
with sonication
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Fig. 6 Shell thicknesses of obtained hollow silica nanoparticles
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Fig. 7 Densities of obtained hollow silica nanoparticles

RL72e TRTCOT VEZTIRETRAY =5 —HEOHA
THR L 72 R 22R TR L 2256 85 ik g %
o TERLIZPZBRTOHOY 2 VIESHIE S BEE
WSy 2 VIR S LIS H 5 2 L dsbhrolze —
Ji, T YEZTEIRIRE, A= —HBEL A5
HHRBFHZ T 283 RNTED LD, AF—F—
BIROATEHER L72HE D 11.56% & 14.00% TIEIZFH T
TRIRIERENTH %,

Fig. 7T \C/ERE L72R oY 7 AEikick 5 v = v
B ER R EZRT, AY—F —HBOATER L 728
FATHARBH L 2250 BEERF 217> THER L 72RF
DFNFEEIEL o TEY, MEERNOAMKETY =
VEENI Y b=V TELWHMErH L, —HT v E
ST IREAEIEICB LT BIEA % h o 720 Montao-
Priede H[37]1%, &J8F / &5 T IZ Stober 5T 1)
WA B0, BEEEHOFMICL D 2 A
DB Rz, TORE, BERES L TERL2Y
VANEDFHIE L, AL - BIREED TN L &2
HLTHBY, SHOKREE—HLTWD, BEEBEHC
LVBBELESIEE, BERY VR EZD
N5,

Fig. 8 ISR L7201 o L R AR @4 A %2 7R L 72
T VEZT OUEED 8.98%, 11.56%, 14.00%& Mz 512
v, 25— —HBEORTER L7 TR mE I

676

Key Process
450 || @ |Stirring
B (Stirring with sonication
400
.‘\
6350
E \
S 300 ~
<  —
8
& 250
5
7
o 200 E—
=]
8 —_—_-—_.—___—’/
&150
100
50
0
8 9 10 11 12 13 14 15

NH; Concentration [%]

Fig. 8 Specific surface areas of obtained hollow silica
nanoparticles
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Fig. 9

a) N, adsorption-desorption isotherms of obtained hollow silica
particles without sonication

b) N, adsorption-desorption isotherms of obtained hollow silica
particles with sonication
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a) BJH curves of obtained hollow silica nanoparticles without
sonication
b) BJH curves of obtained hollow silica nanoparticles with
sonication
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