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Analysis of photoaging degradation mechanism of silk fiber

Fan Jie', An Shuo', Lu Haiqing', Zhang Rui?, Fang Xiaoji’
(1. School of Textile Science and Engineering, Tiangong University, Tianjin 300387, China; 2. The Palace Museum,
Beijing 100009, China)

Abstract: In order to study the photoaging degradation mechanism of the silk and evaluate its degradation state, raw silk, ripe
silk, yellow ripe silk, and blue ripe silk were adopted as the researching objects. Light aging was carried on the
silk samples using an ultraviolet generator. The macro— and micro—mechanical properties, molecular structure,
and aggregation structure of silk samples after different aging times were tested using the single fiber electronic
tensile strength tester, nanoindenter, ATR-FTIR infrared spectroscopy and X-ray diffraction (XRD) technology.
The results showed that sericin of raw silk has a significant protective effect on the fibroin, resulting in the slower
decline in mechanical property of the raw silk. In the early stage of light aging, the large molecular chains in the
amorphous region of silk fibers were destroyed and some smaller molecular chains were arranged in an ordered
manner. As a result, the B—sheet structure, crystallinity, modulus and hardness of silk increased, while the ten-
sile strength and elongation at break decreased rapidly. During the further light aging process, the crystallinity
region was attacked, the B—sheet structure, crystallinity, modulus and hardness of silk decreased along with the
decline of the tensile strength and breaking elongation of silk. The yield zone of the fiber tensile curve disappears
and the fiber exhibits brittle fracture. The variation of crystallinity of silk and the content of B—sheet structure pre-
sent a high consistency, both of which were the core indicators for characterizing the variation of the secant mod-

ulus, and the section modulus and hardness at the micromechanical level. In addition, the tyrosine content in the
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amorphous region of silk is highly correlated with silk breaking elongation, and can be serve as an effective char-

acterization index for the deterioration of silk breaking elongation. This study clarified the structure—property evo-

lution mechanism of silk fibers during light aging, and provided a scientific reference for the aging assessment

mechanism of ancient silk artifacts, protective material matching and formulation of conservation plans for silk

cultural relics.
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Fig.1 Schematic of photoaging experimental setup
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Fig.3 Stress—strain curves of silk under different photoaging times
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Fig.4 Secant modulus—strain curves of silk under different photoaging times
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Fig.6 Variation of section modulus and section hardness of silk under different photoaging times
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Fig.13 Variations of S—sheet content and cross—sectional modulus and hardness of silk with photoaging time
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