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Influences of the composition and structure of extractants on their extraction behavior
for coal direct liquefaction residue

HUANG Jian-bo™”, LIU Yang", YAN Lun-jing”, LIAO Jun-jie”, CHANG Li-ping"’, WANG Jian-cheng"*’
(1. State Key Laboratory of Clean and Efficient Coal Utilization, Taiyuan University of Technology, Taiyuan 030024, China;
2. Key Laboratory of Coal Science and Technology, Ministry of Education,
Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: During the direct coal liquefaction process, coal direct liquefaction residue (CDLR), which accounts for
about 30% of the coal input, will be produced and the polycyclic aromatic hydrocarbons can be extracted from it by
extraction to prepare high-value carbon materials. The influences of composition and structure of extractants on the
extraction rate and properties of extracted products were systematically summarized. The extraction rate of the
extractants which have aromatic structure or nitrogen and oxygen atom can reach more than 50%. The extracts in
alkane organic solvents mainly contain condensed aromatic structure with 2—4 benzene rings and have a lower
molecular weight and heteroatom content. The extracts in heteroatoms containing solvents are mainly composed of
condensed aromatic structure with 4—7 benzene rings and have a larger molecular weight. And they are rich in
heteroatoms, such as nitrogen, oxygen and sulfur, and have a high atomic ratio of C/H. The extracts of pyridinium-
based ionic liquids have higher atomic ratio of C/H and aromaticity. And the ash content of the extracts of ionic
liquids containing organic acid ions is close to 0. When coal liquefaction oil or coal tar distillate are used as
extractants, the extraction rate can reach 60%, which are suggested for industrial applications of CDLR extraction.
Key words: coal direct liquefaction residue; extractant; extraction behavior; blended solvents; ionic liquids
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Figure 1 Molecular structure diagram of heavy
oil (top) and asphaltene (bottom)
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Figure 2  Extraction rate of residue varies with the
solubility parameter of the extractant
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Figure 3  Effects of hydrocarbon solvents and heteroatomic
solvents on the extraction rate of coal liquefaction residue
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Table 1 Extraction properties of single organic solvent

Properties of extraction products

Extractant — " - X
aromatic ring number molecular mass heteroatomic content atomic ratio of C/H
Alkane solvents 2-4 300-500 less 1-1.2
Heteroatom-containing solvents 4-7 ~500 more ~1.6
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Table 2 Types of DCLR, extraction methods and extraction conditions
Extractant Types of DCLR Extraction method Temperature Time Solvent/DCLR ratio
pe"” Shenmu-Fugu coal liquefaction Soxhlet extraction slightly above 20h 200 mL/g
n-hexane™® residue boiling point
CyclohexaneBO]
Tetrahydronaphthalene[15] Shenhua coal liquefaction residue ~ Soxhlet extraction  near boiling point 48 h
Epoxypropane[ )
Cyclohexanone[ls]
Ethanediamine'
Furfural "’
Methylbenzenem] Shenhua coal liquefaction residue supercritical 325°C 30 min  mass ratio 6:1
extraction
Dimethylamine[zs] Shenmu-Fugu coal liquefaction  ultrasonic extraction 25°C 48 min 39mL/g
residue
. [23]
Dimethy! ether Shenhua coal liquefaction residue backflow 37°C 40 min 70 mL/g
o [24]
Pyridine Shenhua coal liquefaction residue stirring room temperature 1 h 400 mL/100 g
[14]
DMF Shendong coal liquefaction residue ~ Soxhlet extraction 120 °C lh volume ratio 3:1
[22]
CS, Shengli coal liquefaction residue ~ Soxhlet extraction  near boiling point
Acetone”” Shenmu-Fugu coal liquefaction  ultrasonic extraction room temperature 15 min 200 mL/g

[26] residue
Isopropanol
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Figure 4 Effect of single solvent and blended solvents on
extraction rate of coal liquefaction residue
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Figure 5 Effects of coal liquified oil and coal-tar distillate on
extraction rate of coal liquefaction residue
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Table 3  Properties of coal liquified oil and coal tar distillate oil

Extractant Shenhua Shengli middle Coking Coking Coking Coking
X
naphtha distillate phenol oil naphthalene oil wash oil anthracene oil
. -3
Density/(g-cm ) 0.8627 0.9229 0.9498 1.045 1.056 1.080
Boiling range/°C IBP-220 220260 80—207 210-310 246-298 198-400
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Figure 6 Chemical structure and naming of several ionic liquids
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Figure 7 Effects of ionic liquids on extraction rate of coal
liquefaction residue
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Table 4 Properties of ionic liquids extraction products

Properties of extraction products

Extractants C/H atomic molecular . ash
ratio mass arOmanmycontent/ %

[bmim]FeCL,*" 1.32 11262 0.74 1.54

[bPy]FeCL™ 1.43 11397  0.75 1.25

[emim]DEP"*" 121 553 0.64 0.32

[MTELAIDMP™ 1 54 540 064 0.0l
[TEtA][OP]" 1.26 661 0.64 0
[mim][Ba]"*” 1.30 654 0.66 0
impyJ[of] 1.31 609 0.67 0
[MPy][Ba] " 1.46 563 0.69 0
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