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Conversion technology to polyacenic fiber that contributes to the complete
recycling of lignin
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The goal of this study was to completely recycle lignin, which contains the
most aromatics on the earth. Especially, we focused on the development of the method, which can
convert lignin into valuable carbon materials using metal ions, based on a concept of the solution
chemistry. First, lignin extracted from the bark was dispersed in a solution with a divalent metal
ion such as Fe(ll) and Co(ll). Next, when the metal-supported lignin was heated at 1200 ° C under a
low oxygen atmosphere for 1 h, the monolayer graphene, which exhibits high-conductance property was
successfully generated due to the catalytic effect of the supported metal. Our method that can
produce valuable carbon material by the simple way will contribute to breakthrough technology in
biomass recycling, while some of the plans could not be achieved during the four-year study period.
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Figure 1. Photographs of (a, b) lignin samples and (a’, b’) carbonized lignin samples obtained by (a) oven drying and

(b) freeze drying of lignin. Each sample was prepared from the same amount of lignin.
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Figure 2. Effect of drying method and Fe support on Raman spectra of carbonized samples.



Figure 3. (a) TEM image of carbonized samples obtained from freeze-dried Fe-supported lignin (L-Fe0.56(FD) and

(b) magnified image of yellow square marked region of a.
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Figure 4. Raman spectra of carbonized lignin samples prepared from freeze-dried lignin with different Fe loadings.
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Table 1. Properties of carbonized lignin samples

Sample BET specific surface Vineso* ! Total edge sites’ Average size of
area’ (m?> g1 (cm® g™ (umol g1 graphene sheets’ (nm)
L(OD) <1 N/A 698 + 79 60 £ 6
L(FD) 312 0.019 853 £ 101 49+5
L-Fe0.56(FD) 440 0.084 457 + 124 97 £26
L-Fe2.8(FD) 330 0.085 721 £ 178 61 +15

TDetermined by N2 adsorption isotherm. *Volume of mesopores. $Obtained from temperature-programmed

desorption mass spectrometry (TPD-MS).
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