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on the Surfactant Content and the Characteristics of Composite
Polyurethane Foam Using It
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Z5: Silica aerogek> ¥ V| EHA Y thad, 22 7302 W2 GATEE 7R A arEAke} BEs) A silica
aerogel®] 71302 IEA} FFE ] dHEErt SR o]& Hesle] Hd E2] e F(RPUFR] ©Ed%S &

JA17171 $130 silica aerogel2- polystyrene® 2 74& 3} 31 core-shell T-E Zk+= silica aerogel-polystyrene2 /33131 TH
st FollA A dAe] ko]l YAl 7)ol miAle IS FRlsi o, Hestd AxPF E3HE 59t E2

QgEt & HdEte] YrF A7)0 wE oJake p It AlHEAAe] ko] 5~12wt%E 71 Wt silica
aerogel-polystyrene YUAF2] Z7]= 102 nmollA] 86 nm=Z Z4xstiom, B3t Z2]eeet &9 g dEd e
Zhzb Ao 8.4%, 3.2% FIEATH

Abstract: Silica aerogel possesses low thermal conductivity due to its high specific surface area, porosity, and small pore
size. However, when combined with liquid polymers, the polymer tends to infiltrate into the aerogel’s pores, leading to
increased thermal conductivity. To address this issue and improve the thermal insulation performance of rigid polyure-
thane foam (RPUF), silica aerogel was encapsulated with polystyrene to form a core—shell structured silica aerogel-poly-
styrene composite. The effect of surfactant content on the particle size during the encapsulation process was investigated.
Additionally, composite polyurethane foams containing the encapsulated particles were synthesized to evaluate the influ-
ence of particle size on their properties. As the surfactant content increased from 5 to 12 wt%, the particle size of silica
aerogel-polystyrene decreased from 102 nm to 86 nm. As a result, the thermal insulation performance and compressive
strength of the composite polyurethane foam were improved by up to 8.4% and 3.2%, respectively.
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Figure 1. SA-PS encapsulation polymerization process and PU compos-
ite foam schematic diagram.
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Table 1. SA-PS Samples According to SDS Content

Sample SDS (wt% of styrene)
SA-PS 5 5
SA-PS 7
SA-PS 9
SA-PS 10 10
SA-PS 12 12
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Figure 2. FTIR of SA-PS according to SDS content: (a) the region
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to 1520 cm™.
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Figure 3. SEM of SA-PS particles according to SDS content
(x50000).
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Figure 4. TEM of SA-PS particles according to SDS content.
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Table 2. Specific Surface Area and Particle Size of SA-PS According to SDS Content

SA-PS 5 SA-PS 7 SA-PS 9 SA-PS 10 SA-PS 12
Specific surface area (m?%/g) 238.14 245.36 298.42 398.99 350.33
Particle size (nm) 85.26 56.98 47.39 49.89 34.77
Standard deviation 4.12 5.30 371 3.15 4.25
Core radius (nm) 25.00 17.97 16.69 17.01 15.27
Shell thickness (nm) 17.63 10.52 7.01 7.94 2.12

Polym. Korea, Vol. 50, No. 1, 2026



140 Hujef] - A

100 4—
B{) -
g
E
K=}
@ 70
=
809 —ea
——5APS 5
—SA-PST
50 SA-PS 9
SA-PS 10
SA-PS 12
40 T T T T T T
100 200 300 400 500 600
Temperature (T)
(b)
e e
'( ,ﬁl\
£ I ¥
-1}
Qo
5
E
w
=
o
L —Y
——8APSS |
——SAPST !
——SAPSY |
—— SA-PS 10 !
SA-PS 12
T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)
02
(c)
0.0 e
O 02
s
L 044
=3
[}
2
© A
2 08
E—TY
08- —SAPSS
——SAPST
——5APS 9
10d —sAaPs10
1.0 SA-PS 12
T T T T T T
100 200 300 400 500 600

Temperature (C)

Figure 5. (a) TGA; (b) FTIR analysis after TGA; (c) DTG of SA-
PS according to SDS content.

Table 3. TGA of SA-PS According to SA and SDS Content
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SA-PSQ] o] Hall &= 431.2~443.5 CE 9oH, SAQ

SA SA-PS 5 SA-PS 7 SA-PS 9 SA-PS 10 SA-PS 12
Residue (%) (at 650°C) 87.3 48.4 52.8 61.1 59.1 65.9
Trax (°C) 443.5 431.2 4352 440.7 439.1 437.5
Table 4. Percentage of SA in SA-PS
SA-PS 5 SA-PS 7 SA-PS 9 SA-PS 10 SA-PS 12
SA ratio 0.20 0.25 0.35 0.32 0.68
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Table 5. Thermal Conductivity and Cell Morphology of SA-PS According to SDS Content

NF SF SPSF SP7F SPOF SP10F SP12F

Thermal conductivity (mW/mK) 24.82 25.19 24.22 24.18 23.87 22.73 24.25
Cell size (um) 406.98 358.9 393.79 391.97 388.08 395.22 429.25
Standard deviation 60.14 68.66 64.52 57.17 57.76 45.84 84.05
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