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Preparation and Thermal Insulation Property of Yolk—shell Structure Hollow Silica
Nanospheres

LI Fangxian, YANG Yerong, WEI Jiangxiong, YU Qijun
(School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: Yolk—shell structure hollow silica nanospheres were prepared with TEOS as a silica precursor and polystyrene sphere as a
template by a continuous hard-template wrapping synthesis method and subsequent high temperature calcining. The structure,
morphology and properties of the as-synthesized products were characterized by zeta potential analysis, Fourier transform infrared
spectroscopy, scanning electron microscopy, transmission electron microscopy, nitrogen adsorption—desorption isotherm and thermal
conductivity analysis. The thermal insulation properties of acrylate coating with yolk—shell structure hollow silica nanospheres were
investigated. The results show yolk—shell structure hollow silica nanospheres with 20-290 nm layer space have a petal-like
morphology. The thermal conductivity is 0.0500-0.0650 W-m™"-K, which increases with the increase of inner core particle size. The
incorporation of yolk—shell structure hollow silica nanospheres into acrylate coating can effectively reduce the thermal conductivity
of the coating, which can be reduced by more than 70% at the incorporation content of 8%. Compared to single shell hollow silica
nanospheres, yolk—shell structure hollow silica nanospheres have a decreased thermal conductivity of the coating and a better thermal
insulation performance.

Keywords: polystyrene sphere; hard-template; hollow silica nanospheres; thermal insulation properties
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Fig. 1 Preparation process of double-hell hollow silica with yolk—shell structure
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Table 1 Structural properties of yolk—shell structure

Inner core size/nm Spacing of layer/nm

Surface area/(m?g™")

Pore radius/nm Isotherm curve type

100 94
200 114
600 64

22.66

32.61 38.46 v
24.12 v
13.65 35.02 v
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N SiO, BB AE RS EE .
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Table 2 Thermal properties of double-shelled hollow silica

Structure parameter Thermal conductivity/

Inner core size/nm Spacing of layer/nm (W-m K™
100 94 0.0507
200 114 0.0609
600 64 0.063 8

3 AARFEIBEN HSN/WHIRES E &R 2
SCHR[22]H 3 2 f, tHER 3 nTLUE H, HSN A
DA SRR ERRSR, MEBEMNN, BE
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JE RIS R AR IR BRI J2(0.177 1 Wom K )
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MG, A 70 2% 1 B 38— B 58 B U2 Hh 2 0K
Si0, iR EM A MR B ERIKB RN BA
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WEMNSFEBRIMIEEIAET 83%, HEM KB E
B 2= AR SR, 0TI 2 I 28 A ik i O R IR
Ap 72 Xf b S-HSN Al D-HSN, 5 EH-E 41
HSN X}k 2 1 4 3Pk B8 B A BB 47 4R 30U, |
T o s U2 SE AR, 16 0 B AE ST A R 45
FE, A R PR S LE JZ 18] B AL, AT BE A K
PEAR AL S
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Table 3 Thermal properties of composite coating

Thermal conductivity/(W~m" ‘K

Percentage reduction in thermal conductivity

Dosage X -
S-HSN D-HSN Si0; aerogels'™?! S-HSN D-HSN Si0, aerogels'?!
0% 0.1771 0.1771 0.12
4% 0.1009 0.0713 43% 59%
4.29%% 0.0794 34%
5.46%2% 0.0752 37%
6% 0.0748 0.0535 58% 69%
7.62%2% 0.0200 83%
8% 0.0500 0.0402 2% 77%
8.31%% 0.0597 50%
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