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Abstract: Thermal insulation materials are crucial to building energy efficiency, playing a vital role in reducing energy
consumption and maintaining indoor comfort. However, traditional insulation materials in the building industry have limita-
tions, including high material density, heaviness, toxic raw materials and inadequate fire resistance, which fail to meet the
requirements of next-generation green buildings. As a novel lightweight porous material, aerogel, with three-dimensional
nanoporous structure,, high specific surface area and porosity, exhibits outstanding thermal insulation properties, making it
an ideal solution for building insulation. Based on recent advancements in the building insulation field, this paper reviews
the performance, types and applications of aerogels in building insulation, discussing their practical applications and energy-
saving effects in construction. It also analyzes the challenges faced in their application and proposes solutions, including op-
timizing preparation processes, developing low-cost raw materials and enhancing resource recycling technologies. These strat-
egies aim to promote breakthroughs in the coordinated development of aerogels in terms of technology, economy and environ-
ment. The ultimate goal is to provide efficient and innovative approach for green buildings and contribute to global energy-
saving and emission-reduction targets.
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Fig. 1 Ideal structure(a) and microscopic morphology (b) of aerogel

2 EHIRAKERMERMEELRE

BUACER @ AR SR FR bR ) T e EOR, AR
JEF A BRI PR RIS OR AR, LUH OR 44OBL fE
Wi T RE . LRI Z EER AW AT
B AE 2R RS P B W 1, 21 X JLAR A DL AR
A PERESEAT TIEAEXT L, JFLEBIFH T AW
Pelesit o,

# AR SRBITR S SRR A HEAER i 1)

Table 1 Comparison of the performance of common building insulation materials and aerogel[

16-20]

Types of insulation Thermal conductivity/ Density/ Combustion Weathering Evaluation of strengths
materials (W/(m-K)) (kg/m®) level durability and weaknesses
Aerogel 0.013~0. 021 3~150 Al Excellent Very low thermal conductivity and high cost
Foamed concrete 0. 060~0. 200 300~ 1200 Al Excellent Excellent fire resistance and self-weighting
Expanded perlite 0.045~0.070 40~150 Al Good Lightweight and low strength
Rock wool hoard 0.035~0. 045 30~ 180 Al Excellent ﬂ”ﬁgiﬁi;ﬁﬁiﬁg;ﬁimm
Wood fibre board 0. 040~0. 060 150~250 B2 Average Environmentally friendly and flammable
Expanded polystyrene 0.035~0.040 10~30 B2 Average Lightweight, poor flame retardancy
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Types of insulation Thermal conductivity/ Density/ Combustion Weathering Evaluation of strengths
materials (W/(m+K)) (kg/m?) level durability and weaknesses
Extruded polystyrene 0.029~0. 035 25~45 Bl Good Moisture and corrosion resistance,
poor breathability
Polyurethane foam 0.022~0. 035 30~60 Bl Good Good insulation, more expensive
Phenolic foam 0.020~0. 045 30~80 A2 Good Better fire resistance, high brittleness
Polystyrene granule 0. 045~0. 070 200~ 400 B2 Good Thermal insulation and waterproofing,

insulation mortar

high construction requirements
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Table 2 The performance, limitations and applicable scenarios of aerogels and their composite materials in construction

Types of - Research on aerogel Performances Limitations Applicable scenarios Ref.
aerogels composites
Silica fiber-based Enhanced mCChamcal Su.rcngth’ High fiber content may reduce Wall insulation, industrial
excellent thermal insulation and . . . o . [21]
aerogels . . porosity, affecting insulation pipe insulation
tensile properties
Cement-based Lightweight, good thermal Excessive aerogel may impair Lightweight walls, [22]
S0 Si0, aerogels  insulation, stable structural properties workability building envelopes
i0, ; . absorpti .
aerogel ~ Gypsum-based Si0,  Combines gypsum’s moldability ngh moisture_absorption, e Interior wall insulation,
roge . L. . quires water-repellent  addi- . [23]
aerogels with aerogel’s insulation lives decorative thermal panels
Aerogel glass Insulation, transparency and Complex production , durability Curtain walls, [24]
brick high compressive strength depends on sealing photovoltaic facades
Aerogel-foam  Combines insulation with cushioning, Foam-aerogel bonding and du- Roof insulation, [25]
composites lightweight and adaptive rability require optimization waterproof layers
Polyimide Flexible, high-temperature resistant, High cost, complex fabrication Flexﬂ.Jle .bu-lldlng parts, [26]
aerogel stable under extreme conditions seismic insulation
Polyvinyl alcohol Water-resistant, Performance sensitive to humid- Hich-performance panels
Polymer yvinylae strong mechanics , ity, weather resistance needs sh-per ¢ paneis, [27]
aerogel aerogel 1 envi R . eco-friendly coatings
good environmental adaptability improvement
Cellulose-conducting Combines conductivity Trade-offs }?e‘tween conductivi- Smart building insulation ,
o . . . ty and stability, complex fab- . [28]
polymer aerogels with insulation, multifunctional T sensor insulators
rication
Biomass cellulose Renewable, eco-friendly, Pnor-flre resistance,, lower in- Rural green buildings,
. . . sulation compared to conven- . . [29]
aerogel basic thermal insulation . low-cost insulation
tional aerogels
Biomass Sodium alginate Eco-friendly, biocompatible, Weak mechanical properties, Degradable materials [30]
aerogel aerogels moderate insulation needs reinforcement lightweight thermal layers
Chitosa aerogels Antlbacterla-d, goo-d mechanics, ngh moisture ah-sorptlon, re- C?eefl 1nsulat1f)n boards., [31]
lightweight quires waterproofing hygienic protective materials
i =3 B R AR J i [32]
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Fig. 2 Preparation, modification and application of Si0O, aerogels: (a) schematic diagram of SiO, aerogel synthesis process[32] ; (b) microstructure of

Si0, aerogels doped with aramid, sisal and biomass fibres, respectively[%] ; (c) optical images of ultra-lightweight aerogel fomed concrete with

a 70% foam volume fraction!”

) ; (d) composition, structure and shape of an aerogel glass block 2
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Fig. 7  Schematic diagram of aerogel insulation integrated into the

building envelope (wall section)
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