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Abstract: In this study, core-shell structured silica aerogel-polystyrene (SA-PS) particles were synthesized by encapsu-
lating silica aerogel (SA) with polystyrene (PS) to enhance the thermal and mechanical properties of rigid polyurethane
foams (RPUF). To preserve the inherent porosity of the SA, the encapsulation process was controlled by varying the sty-
rene concentration. It was observed that both the particle size and the thickness of the PS coating layer increased with
higher styrene concentrations. Incorporating SA-PS particles into RPUF significantly improved performance by prevent-
ing matrix penetration into SA pores, achieving a 11.2% reduction in thermal conductivity and a 3.5% increase in com-
pressive strength, proving this encapsulation strategy effective for high-performance RPUF.
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Table 1. SA-PS Samples According to Monomer Concentration

Sample Styrene concentration (mol/L)
SA-PS(A) 0.1
SA-PS(B) 0.2
SA-PS(C) 0.3
SA-PS(D) 0.4
SA-PS(E) 0.5

Hydrophilic head

o .
N:

® : SDS(surfactant)

: polystyrene
+KPS \ P
+ styrene
SA-PS

ol

Figure 1. SA-PS encapsulation polymerization process schematic diagram.
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Figure 2. FTIR of SA-PS according to styrene concentration: (a)
the region from 400 to 4000 cm™; (b) from 1420 to 1740 cm™.
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to styrene concentration.



Styrene %ol W& Core-Shell 732] Silica Aerogel-Polystyrene Y&} 5443 o1& olg3t 55 ]9t 9 B4 A+ 633

' /gépf(é)',‘

Figure 4. SEM of SA-PS particles according to SA and styrene
concentration.
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centration.
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Table 2. Thermal Conductivity and Cell Morphology of SA-PS According to Styrene Concentration

NF SF SPF(A) SPE(B) SPF(C) SPE(D) SPF(E)
Thermal conductivity (mW/mK) 24.82 25.19 22.59 229 22.6 22.03 22.72
Cell size (um) 406.98 3589 403.44 405.78 405.41 380.19 406.55
Standard deviation 60.14 68.66 45.06 55.21 46.61 42.85 52.73
0.20

I \F

B sF

0.18 4 B sFr

T e ral MY R
Figure 7. SEM of SA-PS according to styrene concentration (x40).
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Figure 8. Compressive strength of SPFs according to styrene con-
centration.
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