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Preparation of humic acid from sugarcane leaf biomass using a hydrolysis—oxidation method

MA Xinhong'?, WANG Lei*’, LIU Jinlei’, CHEN Haishan’, LI Dianpeng’, HAT Hong'

(1. College of Chemistry and Bioengineering, Guilin University of Technology, Guilin 541006, China; 2. Guangxi Institute of Botany,
Chinese Academy of Sciences, Guangxi Zhuang Autonomous Region, Guilin 541006, China)

Abstract: Humic acid was prepared from sugarcane leaves by simulating the chemical reactions used to form mineral derived humic acid.
A study of the comparative efficacy of humic acid preparation from mineral substrates and lignin was performed. Acid hydrolysis, in which
cellulose and hemicellulose were hydrolyzed into soluble sugars and lignin was converted into an insoluble humic acid precursor was
conducted first, followed by solid-liquid separation. An oxidant was then used to oxidize the humic acid precursor, and the hydrophilic
carboxyl group was regenerated to complete the preparation of humic acid. Based on our results, when the solid-liquid ratio was fixed at 20:50
(g:mL) during hydrolysis, the best reaction conditions were: 150 °C for 3 h, 10% sulfuric acid, and 1% nitric acid. The best oxidation step
reaction conditions were: humic acid precursor reacted with 3.5% nitric acid at a solid-liquid ratio of 1: 13 (g: mL) for 2 h at 80 °C. A
series of analytical methods including elemental analysis, acid group analysis, UV, IR, and NMR confirmed that the humic acid prepared
from sugarcane leaf exhibited a high degree of humification and aromatization, and its various indicators were close to those of mineral
source humic acid. This method can successfully prepare humic acid, and utilizing the generated hydrolyzed sugars also has potential
within various existing biomass industries to solve the problem of hydrolyzed residues.
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Different uppercase letters indicate significant differences between

different solid-liquid ratios under the same nitric acid concentration
(P<0.05), while different lowercase letters indicate significant
differences between different nitric acid concentrations under the same

solid=liquid ratio(P<0.05).
4 FiE i BE/E i bl X S AR R 7 EE Y 2 M)
Figure 4 Effects of nitric acid concentration/solid-liquid ratio on

humic acid yield
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Figure 6 C" NMR spectra of lignin(DMSO-ds), sugarcane leaf
HA(DMSO-ds) and sugarcane leaf HA (D,0+NaOD)
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Table 1 Element analysis and acid group content

o SR A FAE [LisEE
" Cl% H/% 0/% N/% Total acidic group/ Carboxyl group/ Phenolic hydroxyl group/
Sample S -1 Si
(mmo]-g ) (mmo]-g ) (mmo]-g )
HHEMFHA  553+2.13  4.2+0.12  34.5+1.09  2.8+0.44 7.60+0.92 3.81+0.05 3.79+0.44
R HA 57.0+1.35  2.8+0.07  33.6+0.97 1.0+0.01 7.76+0.04 4.32+0.20 3.44+0.16
ENIE 56.6+4.56  5.3+0.94  32.2+1.34  0.4+0.01 5.20+0.11 0.43+0.01 4.77+0.10
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Figure 7 Ultraviolet visible absorption spectrogram
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Table 2 Comparison of humification coefficients

FE b Sample E2/E3 E4/E6 Alg K
R HA 1.10 5.76 0.73
HEEMHA 1.17 6.91 0.82
NI 2.86 17.60 1.39
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Figure 8 IR spectra of sugarcane leaf HA, mineral HA, and lignin
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