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A study on the deterioration mechanism of vegetable-tanned leather

under coupled heat and moisture
XU Zhengyi*,SI Hui” ,ZWANG Bing",ZHOU Yang"
(a. College of Textile Science and Engineering; b. School of Materials Science & Engineering,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To investigate the deterioration mechanism of vegetable-tanned leather under hygrothermal
conditions. coupled aging experiments were conducted at temperatures ranging from 20 ‘C to 80 °C and
relative humidity from 20% to 80%. The 16-day aging process of simulated deteriorated samples and the
changes in their properties and microstructure were observed. A variety of characterization methods were
employed, including scanning electron microscopy (SEM). Fourier transform infrared spectroscopy
(FTIR), color difference measurement, weight loss analysis, softness testing, mechanical property
evaluation, and hydroxyproline content determination, to assess the degraded leather samples. The results
indicate that temperature and humidity exhibit a significant synergistic effect in accelerating leather
deterioration, with the most severe degradation occurring under high temperature and high humidity
conditions (80 ‘C, 80% RH). After 16 days of aging, the fiber network structure disintegrated and the
morphology of the original fibrils virtually disappeared; the characteristic peak intensities of the amide I

and amide [I bands in the FTIR spectra decreased markedly, and the hydroxyproline content dropped to
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45.0% of its initial value. The tensile strength and elongation at break decreased to 37. 9% and 7. 4% of

their initial values, respectively. Under a wide range of coupled hygrothermal conditions, the deterioration

of the leather exhibited a progression from chemical bond cleavage and microstructural damage to

component loss and subsequent macroscopic property degradation. These findings clarify the variation

patterns of key indicators during the deterioration process of vegetable-tanned leather under coupled

hygrothermal conditions,

providing a reference basis for the preservation environment control,

deterioration assessment, and selection of conservation materials for leather artifacts.

Key words: hygrothermal coupling; vegetable-tanned leather; deterioration mechanism; multi-scale

analysis
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