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Preparation and Properties Study of Reduced Graphene Oxide/Phenolic
Resin Hybrid Aerogel

WANG Xiaolan SHI Jianjun YAO Qi KONG Lei YANG Yunhua
(Aerospace Research Institute of Materials & Processing Technology, Beijing 100076)

Abstract Reduced graphene oxide/phenolic resin (RGO/PR) hybrid aerogel was prepared by physical blending
and ambient drying method based on sol-gel technology. The changes in the microstructure, thermal stability and dielectric
properties of RGO/PR hybrid aerogel were investigated with the RGO content, and the application performance of RGO/
PR hybrid aerogel as a thermal insulation/microwave absorption composite matrix was explored. The results show that the
RGO lamellar structure is uniformly dispersed in the phenolic aerogel skeleton, and the addition of RGO can effectively
improve the thermal stability of the aerogel. When RGO with a mass fraction of 4% is added, the T, of the hybrid aerogel
is increased by 17. 28°C. RGO has a significant effect on the dielectric properties of RGO/PR, and the real part of the
2 GHz dielectric constant increases from 2. 6 to 4. 7, which can realize flexible regulation of the electric properties of PR
aerogel. When the aerogel thickness is 20 mm, the minimum reflection loss is less than —10 dB. After the quartz fiber
reinforced RGO/PR hybrid aerogel is ablated for 500 s at a surface temperature of 1 200 ‘C, the maximum back temperature
is only 186. 31 °C, showing good thermal insulation performance.

Key words Phenolic resin, Organic aerogel , Reduced graphene oxide, Thermal protection, Microwave absorption
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Fig. 1 Schematic diagram of preparation process and chemical structure of RGO/PR hybrid aerogels

&1 2 2 RGO/PR 22 A6 HE KL 1) Raman 3% &1, Ji
7N TR SR B AR O o BT AT RE S AE 1360 em™! il
1 600 cm™ B I EBA P AN [R] (4 06, 435 S 4G 3R C
T b A BB 14 D A AR C T sp2 24 Ak T P A 45
PR G, L/I FRAE T FE & 0 T 7 B, 248 4
RGO Ji i 73500 5% W, FE G B 1/ (B 1. 55 BRI 5
1. 25, G PRI B RGO BT 51

G band

1400 1600 1800 2000

1

1000 1200

Raman shift/em~
El2 AT RGO/PR 44k TBEM A 2 K1 3%
Fig. 2 Raman spectra of different RGO/PR hybrid aerogels
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Tab.2 Properties of RGO/PR hybrid aerogels prepared
with different content of RGO

Compression

ol MW/
Samples o(RGO)/% 5 LSI% modulus (2%~
(g/em’) m-K)
4% )/MPa
PR 0 0.351 17.94 105.91 0.033
PG-2 2 0.329 14.94 88.00 0.043
PG-3 3 0.325 13.30 71.59 0.044
PG-4 4 0.309 12.14 64.41 0.060
PG-5 5 0.276 10.94 43.77 0.050
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Fig. 4 Pore diameter and its distribution curves of different

RGO/PR hybrid aerogels
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Tab.3 Pore information of RGO/PR hybrid aerogels

. Mode pore diameter/ Specific area/
Samples R
nm (m*/g)

PR 182.65 130.254
PG-2 226.80 160.693
PG-3 282.79 164.554
PG-4 283.31 170.159
PG-5 430.48 156.173
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Tab.4 Thermal stability information of different RGO/PR

hybrid aerogels
Samples T!/C T . IC Residues(900°C)/%
PR 283.93 564.60 53.79
PG-2 300.88 563.87 54.64
PG-3 299.66 565.32 55.31
PG-4 295.42 581.88 55.64
PG-5 301.17 574.68 56.11
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Fig. 6 The complex permittivity for hybrid aerogels in the
frequency of 2~18 GHz
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reinforced RGO/PR hybrid aerogel composites during ablation test
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