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Design and Optimization of Aerogel Cement-based Composite Matrix
Oriented Towards Performance Synergy
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(1. School of Pipeline Engineering, Xi'an Shiyou University, Xi'an, Shaanxi 710065, China;
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Abstract; In the context of integrating building energy conservation with structural strengthening, the synergistic opti-
mization of thermal conductivity reduction and strength retention in aerogel cement-based materials is of critical impor-
tance. Accordingly, matrix design and content optimization were conducted by developing two composite systems,
namely a silica-fume coarse-aggregate matrix and a slag-powder fine-aggregate matrix, and incorporating 0% ~ 8% SiO,
aerogel powder through an equal-mass replacement approach. The macroscopic responses were systematically evaluated
by tests of thermal conductivity, flowability, and 28-day compressive strength, and the microstructure and hydration-
product evolution were characterized using scanning electron microscopy (SEM) and X-ray diffraction (XRD). The
results indicate that increasing aerogel content markedly decreases the thermal conductivity of both systems, while the
compressive strength decreases concurrently. At identical content, the slag-powder fine-aggregate matrix exhibits supe-
rior overall performance; specifically, at 6% content, the thermal conductivity is reduced to 0.2764 W/(m - K) and
the 28-day compressive strength remains 35.2 MPa. Microstructural analyses reveal that, within the slag-powder fine-
aggregate matrix, the aerogel is more uniformly dispersed, the interfacial transition zone is denser, and the hydration
products provide more complete encapsulation, thereby disrupting heat-transfer pathways while maintaining interfacial
load-transfer continuity. These findings demonstrate that the coupled optimization of matrix architecture and aerogel
content can effectively mitigate strength deterioration and enable concurrent enhancement of thermal insulation and me-
chanical performance.
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