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Structure-guided all-silk textiles for passive daytime cooling
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Daytime radiative-cooling textiles can alleviate personal heat stress, but many high-performing systems still rely on synthetic 
polymers, porous composites or inorganic scattering additives. These components improve spectral control but can complicate 
comfort, recycling and environmental safety. This Research Highlight discusses a study titled “Sustainable all-silk textiles for personal 
thermal management,” which instead uses the hierarchical organization of a natural fibre to achieve cooling. Silk fibroin contributes 
favourable intrinsic optical properties, whereas the yarn architecture retains the softness, breathability and processability required 
for wearable textiles. A Fermat-spiral twisting strategy continuously and relatively uniformly wraps silk nanofibres around 
conventional silk yarns, producing a hierarchical core-sheath structure with dense optical interfaces and no plastic or inorganic 
nanoparticle additives.

Personal thermal-management textiles face a dual challenge: they must mitigate heat stress without creating new environmental 
burdens[1-3]. Daytime radiative cooling offers a direct physical route, requiring high reflectance across the solar spectrum (0.28-2.5 
micrometres) and high thermal emittance within the 8-13 micrometre atmospheric window[4-6]. Figure 1 summarizes these spectral 
pathways and the conductive transfer of body heat from the skin to the textile. A cooling textile must therefore function as both a 
photonic surface and a garment, combining optical regulation with breathability, mechanical durability, washability and practical 
end-of-life handling.

Figure 1. Passive daytime cooling mechanism of a hierarchical core-sheath all-silk textile. The structure couples solar reflection (Rsolar = 94.8%), thermal emission through the 

8-13 μm atmospheric window (ε = 96.3%), and conductive heat transfer from the skin to the textile before radiative dissipation.

Silk therefore plays a more specific role in this study than simply replacing a synthetic fibre[7]. At the molecular level, silk fibroin 
exhibits low absorption across much of the solar spectrum, a refractive index suitable for interfacial scattering, and infrared-active 
vibrations that support thermal emission[8]. Silk can also convert part of the absorbed ultraviolet radiation into visible fluorescence, 
reducing heat accumulation associated with ultraviolet absorption. These intrinsic properties should be distinguished from the 
optical effects of the textile architecture: the hierarchical fibre arrangement mainly increases the number and size range of scattering 
interfaces. At the textile level, silk retains softness, breathability, moisture permeability, yarn processability, biocompatibility and 
biodegradability[9]. The all-silk route is compelling because it treats silk simultaneously as an optical medium and a wearable 
structural material, rather than merely as an environmentally preferable substitute in a conventional composite.
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The Fermat-spiral twisting strategy addresses a specific structural limitation. Conventional silk yarns are mechanically robust and 
readily processed, but the characteristic dimensions of their constituent fibres alone do not provide the multiscale scattering 
required across the solar spectrum. The spiral winding primarily enables continuous and relatively uniform wrapping of silk 
nanofibres around the curved yarn surface. The inner yarn retains strength and processability, while the outer nanofibre sheath 
introduces micro- and nanoscale refractive-index discontinuities that enhance broadband solar scattering. Thus, the optical benefit 
arises from the hierarchical distribution of interfaces enabled by the winding strategy, rather than from the spiral geometry alone[10]. 
This structure-guided logic is consistent with other hierarchical thermal-management architectures, including crisscross channels 
formed by multidirectional freeze-casting[11]. Compared with particle-filled polymer or inorganic coatings, the all-silk architecture 
also preserves compositional purity and reduces dependence on detachable additives.

From a structural perspective, the significance of the reported performance extends beyond the headline optical values. The all-silk 
nanofibre textile achieves a solar reflectance of 94.8%, an infrared emittance of 96.3%, and ultraviolet absorption of only 8.19%, without 
plastic polymers or inorganic nanoparticles. Earlier scalable radiative-cooling textiles, including hierarchical metafabrics and 
wet-spun chitosan-silica systems, have shown how multiscale interfaces can improve solar scattering[12,13]. The distinction here is 
that hierarchically organizing a single natural material provides optical regulation, mechanical integrity and textile processability 
within an additive-free architecture. In addition to cooling tests on simulated and human skin and assessments of breathability, 
washability and mechanical durability, the original study reports approximately 95% material recyclability, biodegradation, the 
biosafety of degradation products, and a cradle-to-grave life-cycle assessment[7]. These results shift the emphasis from an isolated 
optical coating to the performance, comfort and end-of-life behaviour of the textile system.

For sustainable personal thermal management, the broader lesson is to simplify material composition through structural design 
rather than adding functional complexity. Controlled fibre-assembly strategies related to Fermat-spiral winding could be explored in 
cellulose, keratin, chitosan and other bio-derived fibres, especially when optical control must coexist with moisture transport, 
mechanical strength and skin comfort. Scalable routes such as wet-spinning, hierarchical weaving and directional freeze-casting 
provide useful benchmarks for processing throughput and structural control[11-14]. The original study already examined airflow, 
repeated washing and urban radiative surroundings[4,7]. The remaining practical questions therefore concern perspiration, body 
motion, garment geometry, coloration and long-term optical and mechanical stability at garment scale. Comparative studies should 
also consider processing inputs, solvent recovery, cost, silk supply, industrial finishing and end-of-life recovery alongside cooling 
performance. The lasting contribution of this work is its structure-first design principle: a single natural material can provide 
advanced thermal function when molecular optics, yarn architecture and life-cycle performance are treated as interconnected 
design variables.
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