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1 Research background

➢ China, the European Union and other

countries are increasingly strict on the use of

chromium.

➢ China'S 14th Five-Year DEVELOPMENT also

pointed out that by 2025, we should achieve

technological breakthroughs in tanning agent

materials and develop functional leather with

excellent performance.

Chrome DyeFatliquor

➢ In the leather production process, chrome tanning agents, fatliquoring agent and dyes

are the main sources of pollution.
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➢ 1265 deaths per 1 million people are attributable to cold stress

➢ The mortality rate caused by low temperatures is much higher

than that caused by high temperatures. The net mortality

burden caused by low temperatures increases by 49.9%.

Masselot, P., Mistry, M.N., Rao, S. et al. Estimating future heat-related and cold-related 

mortality under climate change, demographic and adaptation scenarios in 854 European 
cities. Nat Med 31, 1294–1302 (2025). https://doi.org/10.1038/s41591-024-03452-2

BMJ 2002; 324 doi: https://doi.org/10.1136/bmj.324.7329.89
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Collagen fibers

矿源黄腐酸

➢ Rich in oxygen-containing functional groups

➢ Excellent photothermal conversion

performance

Based on mineral source fulvic acid, modified fulvic acid from humus 

to prepare functional chrome-free tanning agent. During the tanning 

process, cross-linking and personal heat management were achieved 

simultaneously.

Fulvic acid
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➢ ZrOCl2 assisted H2O2 oxidation mineral fulvic acid

(MFA) to preparation OMFA

➢ Reduce MFA molecular size

➢ Increase the content of oxygen-containing

functional groups in MFA
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 Molecular structure characterization
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 Molecular structure characterization
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Sample Chemical shift (ppm) Relative peak (%) Attribution

MFA 2.01-8.46 1.49 Aliphatic chain methyl carbon

14.3 2.33 Aromatic methyl carbon

21.49-45.47 29.84 Methylene and methine carbon

51.85-73.24 5.88 Oxygenated methyl carbon

77.77-95.56 5.78 Oxygenated olefin carbon

100.28-118.41 12.64 Protonated aromatic carbon

125.20-132.88 23.75 Aromatic bridging carbon

142.95-148.27 3.04 Amino aromatic carbon

151.91-156.14 1.85 Oxygen-bonded aromatic carbon

160.05-184.70 7.16 Carboxyl carbon

188.17-223.03 6.22 Carbonyl carbon

OMFA-0 1.11-9.26 3.42 Aliphatic chain methyl carbon

12.99 4.07 Aromatic methyl carbon

19.18-48.6 33.45 Methylene and methine carbon

51.94-73.45 2.71 Oxygenated methyl carbon

77.97-99.77 4.10 Oxygenated olefin carbon

102.42-121.10 11.60 Protonated aromatic carbon

126.82-133.27 9.61 Aromatic bridging carbon

137.94-147.57 6.76 Amino aromatic carbon

150.32-158.91 3.50 Oxygen-bonded aromatic carbon

161.18-183.27 11.40 Carboxyl carbon

186.93-224.03 9.36 Carbonyl carbon

OMFA 0.35-8.86 4.33 Aliphatic chain methyl carbon

11.94-14.42 4.00 Aromatic methyl carbon

17.52-49.63 37.65 Methylene and methine carbon

54.75-75.36 2.44 Oxygenated methyl carbon

80.34-96.21 3.58 Oxygenated olefin carbon

101.74-122.09 9.55 Protonated aromatic carbon

125.93-131.54 7.91 Aromatic bridging carbon

135.83-144.63 5.32 Amino aromatic carbon

149.14-157.33 4.02 Oxygen-bonded aromatic carbon

164.53-183.83 12.32 Carboxyl carbon

186.20-223.72 8.89 Carbonyl carbon
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 Molecular size of tanning agent
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 Trojan horse tanning effect
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 Physical and chemical properties of leather
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 Microscopic morphology
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 Mechanism of cross-linking
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 Mechanism of cross-linking
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 Optical Properties and Thermal Management Performance
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 Superhydrophobic properties
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 Joule heating

At a voltage of 1 v, it rapidly reached 74 °C for 30 s.
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 Seawater desalination
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3 Conclusion

➢ Our team has developed high-performance chrome-free tanning agents by systematically modifying fulvic

acid via coordination, catalytic oxidation, and carbonization.

➢ Designing appropriate molecular size and increasing the content of active functional groups can enhance

the tanning performance.

➢ Improve the structural defects of fulvic acid and enhance its aromaticity to enhance its photothermal

conversion ability.

 Research Summary

 Problem

➢ The softness of leather tanned by fulvic acid is deficient and needs to be solved.

 Research achievements

➢ Li, R.; Ren, L.; Yu, S.; Liu, H.; Sun, X.; Qiang, T. Chem. Eng. J. 2024, 482, 148892.

https://doi.org/10.1016/j.cej.2024.148892.

➢ Li, R.; Ren, L.; Sun, X.; Liu, H.; Zhang, X.; Qi, B.; Yu, S.; Wei, Y.; Cheng, F.; Qiang, T. Adv Funct Materials

2025. https://doi.org/10.1002/adfm.202421899.

➢ Li, R.; Ren, L.; Qi, B.; Zhang, Y.; Sun, X.; Zhang, X.; Yu, S.; Zhang, X.; Liu, H.; Qiang, T. Adv. Sustain.
Syst. 2025. https://doi.org/10.1002/adsu.202500839.
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