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Abstract: The continuous development of new high-speed space vehicles has put forward an urgent demand
for high-temperature resistant, lightweight and high-efficiency thermal insulations. Carbon aerogel not
only has the excellent characteristics of low density, high porosity, high specific surface area and low
thermal conductivity due to its nanoscale structure, but also has the advantages of ultra-high temperature
resistance under inert atmosphere and high infrared specific extinction coefficient. Therefore, it has
significant advantages in its application as a thermal insulation for the thermal protection of ultrahigh-
temperature parts. In this paper, the research status of the thermal insulation properties of carbon aerogel
from the aspects of aerogel density and microstructure (pore size, particle size) based on heat transfer
theory were summarized firstly. Then, the researches on the preparation technologies and properties
optimization of carbon aerogels for thermal insulations in recent years, which mainly included four major
aspects of mechanical property enhancement, ablative resistance/oxidation resistance, low-cost, and
superlight and superelastic were reviewed, and the advantages and disadvantages of the four aspects were
also summarized. Finally, the future research directions of low-cost and high-performance carbon aerogel
thermal insulations are proposed, and its development and application in civil and other special fields are
prospected.
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Table 1 Properties of carbon aerogels for thermal insulations
) ) Thermal Compressive
Raw material Reinforcement Drying - Density/ St/ conductivity/ strength/ Reference
method  (g+em ™ ?) (m%g L
(Wem K1) MPa
R,F Phenolic resin foam SCD 0.125 0.036 [34]
Phenolic resin foam APD 0.07 0.5(1593°C) [22]
~0.8(1982°C)
Phenol,R,F Reticulated vitreous SCD 0.09-0. 18 100-1000 0. 1(550 C) [35]
carbon foam composite
R,F Phenolic resin foam SCD 0.10 0.04 0.51(~8%) [36]
0. 12(1000 °C)
0.31(1900 °C)
Polyimide Phenolic resin foam SCD 0.094 0.05 0.532 [37]
0.19 (1100 °C)
0.56 (1900 C)
R,F Carbon fiber APD 0.23 0.34 [38]
R,F Carbon fiber SCD 0.107 516 0.0623 1.75 [39]
0. 1325(1000 °C)
0.2175(1400 °C)
R,F Carbon-bonded carbon SCD 0.14 0. 050 1.24(10%) [40]
fiber 0. 16(1000 C)
0.246(1400 °C)
R,F Ceramic fiber SCD 0.1-0.9 0.03-0.05 0.5-1.9 [41]
0.05-0.09
(1000 °C)
R,F PAN fiber SCD 0.199 0.09(300 °C) 1.72(10%) [22]
Phenolic fiber 0. 220 0.107(300 °C) 0.79(10%)
0. 135(1000 C)
0.325(2000 °C)
R,F PAN fiber SCD 0.195 142.29 0.041 1.22(10%) [42]
0.735(1800 °C)
Phenolic fiber 0.274 438.92 0.027(Ar) ~0.8(10%)
0. 164(1800 °C)
PR,HMTA Ultralight carbon fiber felt APD 0.16 0.031 0.93(10%) [43]
PR,HMTA Phenolic fiber APD 0. 60 0.32 80(7%) [44]
R,F GO SCD 0.0235 3214 0.027 <<0.04 [45]
PR,HMTA SCD 0.16-0. 26 0.023~0. 036 1.0-2.3 [46]
(vacuum)
PR,HMTA,MTMS Carbon fiber APD ~0.80 0. 207 210.5(40%) [47]
0.407(1000 °C)
APD 0.50 0.118 10(~2.1%)
0.263(1000 °C)
Phenol,F, TEOS, AICI; SCD 0.284 374.09 0.024 ~0. 055 [48]
0.083(1000°C)  (=~67%)
Carbon aerogel composites, APD  0.75 0.33 [49)
DMDES,MTMS
Carbon aerogel composites, SCD 0.69 52.433  0.3887 22(5%) [50]
DMDES,MTMS 0.8364(1000 °C)
0.9194(1200 °C)
PR,HMTA APD 0. 363-0. 756 <20. 35 5-9 [51]
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. ) Thermal Compressive
Raw material Reinforcement Drying Densnyf SBEJI‘/ - conductivity/ strength/ Reference
method  (grem ™) (m*g 1)
(Wem K" MPa
Si,ALO;, SO, APD 0.654 71.2 [52]
PR,HMTA APD 0.18-0.41 857-487 0.032-0. 069 0.9-5.0 [17]
PR,H,SO, APD 198.91 0.0381 11.2 [53]
R,Furfural, HMTA ,NH,SCN APD 0.22 771 0. 0466 [23]
0.3721(1800 C)
R,Furfural, HMTA APD 0.244 689 0.809(2000 °C) 1.76 [54]
R,Furfural, HMTA APD 0.201 596. 367 0.0625 1.08(~11%) [55]
Carbon fiber 464. 363 0.0702 1.48(30%)
R,F APD 0.3-0.82 555-616 0.065-0. 12 6.5-124.4 [56]
R,F APD 0.284-0.51 0.09-0. 267 0.65-33.35 [57]
(10%-4%0)
R, Furfural, HMTA ,ZnCl, PAN fiber APD 0.68 0.1786 6.10(10%) [58]
0.2381(600 C)
0.6904(1800 °C)
R,F GO APD 0.182 533 0.028 4.01 [59]
R,F,Formamide PAN fiber APD 0.254 0. 250(300 C) 37.7(50%) [60]
0.617(1000 °C)
1.674(1500 °C)
Carbon nanotube, SDBS SCD 0.008 0.025(<C150 Pa) [61]
Carbon nanotube, H,0, APD 0.0046 0.0165 0.0052(95%) [62]
Tenanowire, Glucose 0.00961 0.023 ~0.025(30%) [63]
GO, p-phenylenediamine,, FD 1.8-27.2 0.040-0. 053 0.0077-0. 146 [64]
NH, H,0
GO,R,F FD 0.031 715 ~(0. 055 [65]
GO, Quadrol FD 0.004 0.0047-0. 0059 [66]
(vacuum)
GO,NaHSO, SCD 0.0224- 435. 6~ 0.0281-0. 0390 0.05-0.8(10%) [67]
0.0841 602.8
GO, p-phenylenediamine,, SCD 0.0111- 568-910 0.023-0. 026 [68]
NH,;-H,0O 0.035
GO, p-phenylenediamine,, FD 0.01005 0.115 [69]
NH,- H,0
GO, Ammonium polyamine FD 0.074 0.038 [70]
acid, Triethylamine (radial direction)
GO, Octadecylamine APD 0.0024 27.22 0.00575 [71]

Note:Syp-specific surface area calculated by Brunauer-Emmett-Teller (BET) method ; R-resorcinol; F-formaldehyde ; PR-phenolic resin; HMTA -

hexamethylenetetetramine ; GO-graphene oxide ; PAN-polyacrylonitrile ; MTMS-methyltrimethoxysilane ; DMDES-dimethoxysilane ; TEOS-trimethoxysilicate ;

SDBS-sodium dodecylbenzene sulfonate ; SCD-supercritical drying; APD-ambient pressure drying; FD-freeze drying. Thermal conductivities without spe-

cial labeling are room temperature and atmospheric pressure thermal conductivities
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