Korean Chem. Eng. Res., 53(1), 78-82 (2015)
http://dx.doi.org/10.9713/kcer.2015.53.1.78
PISSN 0304-128X, EISSN 2233-9558

¢t 0= HE|HOI ERRE S5 Hel7 YRt M=

UXIE Ol

ol

77| =

og

OIBTI™** - ZURI*** - FBFH* - LI[I* - Ha|Swwes

#PFa A AR A T 3 FAREEE1
305-350 tAFGA 73 H8tE 124
w8kt sy YAl s g s dd
305-350 thA3AA] 797 7= 217
(0143 62 13 FH<r, 20143 79 102 R AHr, 20143 79 168 A=)

Synthesis of Hollow Silica Particles from Sodium Silicate using Organic Template Particles

Chongmin Lee***, Jiwoong Kim*** Hankwon Chang***, Ki-Min Roh* and Hee Dong Jang**#

*Rare Metals Research Division, Korea Institute of Geoscience and Mineral Resources, 124 Gwahang-ro, Yuseong-gu, Daejeon 305-350, Korea
** Nanomaterials Science and Engineering, University of Science & Technology, 217 Gajeong-ro, Yuseong-gu, Daejeon 305-350, Korea

(Received 13 June 2014; Received in revised form 10 July 2014; accepted 16 July 2014)

o OF
prudl =

7173 (organic template) JAHE ©]8-810] At AE|A O] E(sodium silicate)ZHE] 5338 A2]FHhollow silica)
e AZBATE. 77158 YRR S 2~ElR DEEA (styrene monomer) =] 2453l (dispersion polymerization)©]l
o) AlzzE E2|AEH e X (polystyrene latex, PSL) UAFE ARSI, 771573 LAF Al Al SR7NAIAIR]L 2,2
azobisisobutyronitrile(AIBN)S] =& 243510 1~3 ume] 715 717 YGAE A3k A 77158 LA
3ol F-A(sol-gel)Hell &J3f ArlEAgAlClERRH AHE A=7KSI0,) thie AR F”ste] PSL/SIO, Fo]-4l
Fejo] A= AzskSl). 771802l Bl Egsto] =23 h(tetrahydrofuran, THF)S ©]-8-510] Foi-4 I} U] &
71F8E AA sioink. 7o) JAF Az Al §re] S5 9 pHE| Wstel] wet AN HE F3@ AR A @4
ARSI PSL/SIO, Fol-4 At A|x Al SulE olehSolr B WAPS W 553 A7t gt dEsos
Az o v pH ke Z2h= GullelA A AV ddE T3F APt A BAEASY. 38 Ak 4Rk
WIS S 5743 A3} 48 Al (Insuladd)H T 352 ¥AF 5438 HoFqlch

Abstract — Hollow silica particles were prepared using sodium silicate and organic templates. Polystyrene latex (PSL)
particles produced by dispersion polymerization were used as organic templates. PSL particles ranged from 1 ym to 3 um in
diameter were synthesized by adjusting the amount of 2,2'-azobisisobutyronitrile (AIBN). The PSL/SiO, core-shell particles
were prepared by coating of silica nanoparticles originated from sodium silicate using sol-gel method. The organic templates
were removed by the organic solvent, tetrahydrofuran (THF). Morphology of hollow silica particles was investigated with
respect to types of the reaction medium and pH during the process. By changing the solvent from ethanol to water, hollow sil-
ica particles were successfully formed. Hollow silica particles with the uniform shell thickness were produced at low pH
as well. The reflectivity of the as-prepared silica particles was measured in the range of the wavelength of UV and vis-
ible light. Hollow silica particles showed much better reflective properties than the commercial light reflector, Insuladd.
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7% JAE B sk e 7P & RS FEYAE 21E &
Ao RH HF AER T3F ' dAE Z71E AloE 9l
th= Aolrt. dnka o 7 74 o] Mol o] golshe Azt f
7182 JFdSHAl AAE 5 e E2] AE 2 2 (polystyrene
latex, PSL) U&7} 17158 0.2 o]8-Ft} PSL YRS &8
WP © 2= 7 B5ste] F-8kAleke S emulsifier-free emulsion
polymerization)H] 2} &} &(dispersion polymerization)5©] S1T.
TSRS A S A YRR SR | nlo] T 2 HE] o]
312] F1712 71X PSL YA AlzE BAaRse & 4] v

HE B 4 rlo] A2 u|E7bA] vhekk A71€] PSL YA A3
e UTH18].
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WIALE TG A 7F A 31 9l om] WAL T E §-8-317] 218

Lum oPde] 715 7= 538 A7t 2 87E0H20].
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Fig. 1. Schematic diagram of hollow silica particle formation using sodium silicate and organic template by sol-gel reaction.
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of &4k PSL FZo|= Gl 3 A t]2-2 2] Alo] E(sodium silicate,
37%, OCI) &N & ¥h-g7] ol ¥ 5 A1HHCI, 37%, Sigma)=
A7kt YR Yol (ammonium hydroxide, 25%, OCI Chemical
Corporation) ©]-8-3ll pHE 243 & 255 80 °CE A7 4

ARE Rk NS R FGiT vhgo] 5 ¥ F ERES A4 &
2lak3lar 31578 PSL/SIO, T4l A= ofleh&ell #4F Azt
F71592 AAS 130 7187091 THEE: PSLISIO, 51°1-4
Aol EakE gdol F9lsto] 12413F H3F Wk A7 WhE- &
HE AREste] S5 AE7t YA Fgestka olkEel &
ARAA RSt

2-2. M

Az T8 A7t dA=e 3 72E AR A
(SEM, scanning electron microscope, Hitachi, S-4800), 52} 23]
u] Z(TEM, transmission electron microscope, JEOL, JEM-3011)<
o] g3l IaslATtE 22 BHFEA|(FTIR, Infrared Spectroscopy,
Thermo Electron Co., Nicolet 380)=2 ©]-8-3}4] 718 2] #A| A=
£A19 359 el QA9 EAE Ak A1
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Aelh Ae) WAbEE sk on S e
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YA AT A3k 203 11702 DI 54 ek,
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Fig. 2. Effect of amounts of AIBN on the average particle diameter
of polystyrene latex particles.
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Fig. 3. FT-IR spectra of (a) polystyrene latex particles, (b) hollow
silica particles and (c) PSL/SiO, core-shell particles.
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F71 T8 QA= 0187 Al

Fig. 4. SEM and TEM images of PSL/SiO, core-shell particles and hol-
low silica particles synthesized with [(a), (b)] and without [(c),
(d)] solvent modification (The solvent modification means
dispersion medium change of PSL colloid from the ethanol
based medium to the distilled water).

Fig. 5. TEM images of the hollow silica particles synthesized at vari-
ous pH: (a) 0.7, (b) 5.0, (c) 9.0.
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Fig. 6. UV-visible spectra of hollow silica particles synthesized using
sodium silicate and commercial reflective material.
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