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Supercritical CO, extraction of lignite humic acid and its synergistic mechanism

FAN Yuping, JIN Wei, MA Xiaomin, FU Yuanpeng, DONG Xianshu, ZHU Benkang
(College of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Supercritical CO, (ScCO,) extraction technology is one of the effective ways to extract soluble organic matter
from coal. Its strong dissolution and extraction ability can change the morphology and pore structure of coal samples. The
experiment of extracting humic substances from lignite by ScCO, was carried out with lignite from Inner Mongolia and
lignite pretreated with 10% hydrogen peroxide solution as raw materials and ethanol as cosolvent. The humic products
were analyzed by ICP-MS inductively coupled plasma mass spectrometer, Fourier transform infrared spectrometer, scan-
ning electron microscope and ultraviolet-visible spectrophotometer. Scanning electron microscopy, specific surface area

and pore size analyzer were used to explore the morphological characteristics and pore changes of coal samples during
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ScCO, extraction, and to reveal the mechanism of ScCO, extraction technology on the extraction of humic substances. The
results show that the coal sample pretreated with hydrogen peroxide solution will make ScCO, co-dissolved with ethanol
more effectively penetrate into the pores of lignite, and interact with fulvic acid functional groups through hydrogen bond-
ing and other interactions, so that fulvic acid is dissolved in a large amount from lignite matrix to supercritical fluid. The
overall loose pores of the extracted coal sample are more conducive to the subsequent extraction of humic acid. The ion
concentrations of Mg, P, K and Fe in the extracted fulvic acid solution were significantly increased, which were 21 432.77
pg/L, 148.83 pg/L, 8 823.84 pg/L and 415.12 pg/L, respectively. The maximum total pore volume and specific surface
area of the coal sample after extraction are 0.017 9 cm’/g and 3.374 3 m’/g, respectively. The humic acid prepared from it
has high yield (49.38%), high O/C (0.74), high N/C (0.12), low sulfur content (1.11%), rich in carbonyl and carboxyl

groups, low aromaticity, small molecular weight and rough surface. This indicates that ScCO, extraction technology has

important implications for the effective extraction and quality improvement of fulvic acid and humic acid.
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Table 1 Proximate and ultimate analysis of raw coal M and

hydrogen peroxide treated coal SM
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Fig.8 SEM-EDS images of HA under different experimental conditions
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e TCE % JRF L
. C 0 N S 0/C N/IC (O+N)/C

FHA 57.17 3787 317 179 050 0.05 0.54
FSHA 5020 4281 557 142 0.64 0.10 0.73
CHA 4873 4447 540 140 0.68 0.10 0.78
CSHA 4643 4583 6.64 1.11 074 0.12 0.86
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Fig.9 SEM images of HA under different experimental conditions
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Fig.10 SEM images of coal samples in reaction and extraction process

AL A AL BN B ScCO, A& HUAL BE S A JEAE AT
SR 500 Z LA (IR RIR, 1A R 2550 0 TR S
B SRR
242 [N K FERGT R LR S5 44 A

SR FH R0/ W B 52 6 48 5 Ak L e A ) 0 45 44 1Y
o, G5 R 6 B 11 iR . M I HL 2 T AR
2.700 0 m*/g, FMALZ A 0.041 6 cm’/g, HALBR 45 =
2 H AL (0.008 6 cm®/g) FIAAL (0.005 9 cm®/g) 41
W, AL (0.000 1 em’/g), 23t AL A b HEE R
O IERE SM O e T AU 2.319 Smi/g, LA N
0.014 0 cm’/g, /1L (0.005 9 cm’/g) HIFLZSA Ff T %,
A e R T A A R R 1 B2 Tk PR R ML) LB

S8 M 3 BB T, T RAL (0.007 4 em’/g) AL A
FIra TN, T aE S Y 2 Tl 2 E A R AR T,
FLBRAE K

Fo BEEMILREREZATMINER
Table 6 Test results of specific surface area and total pore

volume of coal samples

RE &R/ (m® - g B (em® - g
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CSM 33743 0.0179
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Fig.11 Pore volume distribution diagram of coal sample
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Table 7 Determination results of element content in FA solution

TR (ug - LY

B -
Mg p K Ca Mn Fe Na Al Ti Si BA
FFA 25.82 5.20 2232 23.34 — — 83.80 521 — 159231 9.62x10°
FSFA 27.61 15.20 105.43 178.05 1.02 0.19 162.31 0.78 — 325215 9.10x10°
CFA 363.82 29.20 39.71 123.26 22.41 14.67 74759  140.57 1.05 480439  8.52x10°
CSFA 2143277 14883 882384 802585 10825 41512 4322137 15165 27279 2487515  8.24x10°
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Fig.12 Mechanism of extraction of humic acid from lignite by ScCO, and ethanol
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