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Fig. S1  Flowsheet of distillation column optimization by sequential iteration method
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Fig. S2  Deviation range of predicted values of QSPR model.


	[bookmark: _Hlk164247091][bookmark: _Hlk163727039]Table S1  Main components and contents in direct coal liquefaction naphtha

	n
	Molecular formula
	Molecular structural formula
	Relative mlecular mass
	Compound Name
	Relative content/wt.%
	Boiling point/℃

	1
	C5H12
	[image: ]
	72
	2-Methylbutane
	2.00
	30

	2
	C5H12
	[image: ]
	72
	n-Pentane
	3.96
	36

	3
	C5H10
	[image: ]
	70
	Cyclopentane
	3.17
	49.2

	4
	C6H14
	[image: ]
	86
	n-Hexane
	4.73
	68.5

	5
	C6H12
	[image: ]
	84
	Methylcyclopentane
	5.01
	71.8

	6
	C6H12
	[image: ]
	84
	Cyclohexane
	16.47
	80.7

	7
	C7H16
	[image: ]
	100
	3-Methylhexane
	1.11
	90.7

	8
	C7H14
	[image: ]
	98
	Dimethylcyclopentane
	3.16
	97.2

	9
	C7H16
	[image: ]
	100
	n-Heptane
	2.77
	98.4

	10
	C7H14
	[image: ]
	98
	Methylcyclohexane
	22.40
	101.1

	11
	C7H14
	[image: ]
	98
	Ethylcyclopentane
	1.70
	103.5

	12
	C8H16
	[image: ]
	112
	Trimethylcyclopentane
	1.31
	143.5

	13
	C8H18
	[image: ]
	114
	2-Methylheptane
	0.43
	117.8

	14
	C8H16
	[image: ]
	112
	Dimethylcyclohexane
	12.09
	125.9

	15
	C8H16
	[image: ]
	112
	1-Ethyl-1-methylcyclopentane
	7.75
	150.8

	16
	C8H16
	[image: ]
	112
	Isopropylcyclopentane
	0.16
	125.2

	17
	C8H16
	[image: ]
	112
	Ethylcyclohexane
	7.63
	129.4

	18
	C9H18
	[image: ]
	126
	Trimethylcyclohexane
	0.38
	143.5

	19
	C10H18
	[image: ]
	138
	Decahydronaphthalene
	0.34
	187

	20
	C8H10
	[image: ]
	106
	p-xylene
	0.16
	138

	21
	C9H20
	[image: ]
	128
	Nonane
	1.50
	151.7

	22
	C9H16
	[image: ]
	124
	hexahydroindene
	1.20
	161

	23
	C9H18
	[image: ]
	126
	Isopropyl cyclohexane
	0.33
	155

	24
	C9H18
	[image: ]
	126
	Butylcyclopentane
	0.21
	156.1
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	Table S2  Pearson correlation coefficients among molecular descriptors

	
	α/a.u.
	ELUMO/eV
	EHOMO/eV
	V/Angstrom3
	ρ/g·cm−3
	logPoct/water/kg·mol−1
	SASA/Angstrom2
	AF/Angstrom2

	α/a.u.
	1
	
	
	
	
	
	
	

	ELUMO/eV
	0.006
	1
	
	
	
	
	
	

	EHOMO/eV
	0.174
	−0.112
	1
	
	
	
	
	

	V/Angstrom3
	0.943
	0.094
	0.039
	1
	
	
	
	

	ρ/g·cm−3
	−0.16
	−0.221
	−0.119
	−0.246
	1
	
	
	

	logPoct/water/kg·mol−1
	0.368
	−0.198
	0.221
	0.225
	−0.097
	1
	
	

	SASA/Angstrom2
	0.903
	−0.077
	0.023
	0.969
	−0.091
	0.232
	1
	

	AF/Angstrom2
	0.91
	−0.027
	−0.011
	0.994
	−0.262
	0.179
	0.972
	1








	

Table S3  The necessary formulas and data for economic evaluation

	Parameters
	Economic calculation

	Condensers
	Heat-transfer coefficient: KC = 0.568 
Heat-transfer area:


	Reboilers
	Heat-transfer coefficient: KR = 0.852 
Heat-transfer area:


	Column vessel
	

Diameter: D is calculated by Aspen tray sizing
TCC =shell cost + HX cost 

	Energy cost
	LP stream (160 ℃): 7.78 $·GJ−1
MP stream (184 ℃): 8.22 $·GJ−1
HP stream (254 ℃): 9.88 $·GJ−1
Cooling water (40 ℃): 0.354 $·GJ−1

	Total operating cost



Payback period
	TOC = 3.6x10−3EnergyC × t × Q
EnergyC is the unit price of public works;
t is the annual operation time, which is 8000 h;
Q is the duty of heat exchanger, kW.
3 years

	TAC
	(Total capital cost/Payback period ) + Total operating cost


	Table S4  Results of total process optimization parameters

	Variables
	Light hydrocarbon removal tower
	Cyclohexane tower
	Heavy hydrocarbon removal tower
	EDC tower
	ERC tower
	MCH tower

	NT
	40
	44
	40
	44
	24
	88

	NF
	18
	12
	15
	4 18
	10
	42

	RR
	7
	6
	16
	5
	5
	40

	D/kmol·h−1
	35
	20
	29
	7.9
	21
	20






	Table S5  Experimental values, predicted values and molecular descriptors of RVn-heptane/MCH in naphtha under different extractants (training set)

	Compounds
	Molecular Formula
	RVsim
	RVpred
	RD
	α/a.u.
	EHOMO/eV
	ρ/g·cm−3
	logPoct/water/kg·mol−1

	Benzyl alcohol
	[image: ]
	1.22
	1.25
	2.3%
	101.56
	−8.02
	1.20
	1.15

	Tetraglycol
	[image: ]
	1.19
	1.18
	−0.4%
	139.69
	−9.00
	1.24
	−0.02

	1, 2-Propylene glycol
	[image: ]
	1.21
	1.22
	0.7%
	50.20
	−9.12
	1.13
	0.00

	N-butoxyethanol
	[image: ]
	1.16
	1.18
	1.4%
	96.49
	−8.79
	1.08
	1.57

	Hexylene glycol
	[image: ]
	1.19
	1.20
	0.8%
	84.53
	−8.89
	1.11
	0.63

	Tetraglycol dimethyl ether
	[image: ]
	1.15
	1.15
	−0.3%
	162.55
	−8.82
	1.19
	1.30

	Trimethylene glycol dimethyl ether
	[image: ]
	1.19
	1.17
	−1.7%
	130.32
	−8.82
	1.18
	1.09

	Diglycol dimethyl ether
	[image: ]
	1.18
	1.19
	1.0%
	98.09
	−8.81
	1.15
	0.86

	Ethylene carbonate
	[image: ]
	1.25
	1.26
	0.9%
	48.20
	−10.32
	1.52
	−1.12

	Propylene carbonate
	[image: ]
	1.22
	1.23
	0.7%
	64.13
	−10.25
	1.42
	−0.61

	Dibutyl phthalate
	[image: ]
	1.14
	1.15
	0.9%
	233.47
	−8.68
	1.23
	0.00

	N-Formylmorpholine
	[image: ]
	1.30
	1.28
	−1.2%
	87.09
	−8.08
	1.31
	−0.30

	2-pyrrolidone
	[image: ]
	1.25
	1.27
	1.9%
	65.49
	−8.30
	1.23
	−0.29

	NMP
	[image: ]
	1.27
	1.25
	−1.5%
	84.10
	−8.21
	1.20
	0.62

	Furfural
	[image: ]
	1.30
	1.30
	0.2%
	74.56
	−8.07
	1.37
	0.14

	Tetraethylamylamine
	[image: ]
	1.24
	1.25
	0.5%
	148.75
	−7.46
	1.09
	−3.21

	Sulfolane
	[image: ]
	1.29
	1.27
	−1.5%
	84.13
	−9.16
	1.41
	−1.10

	3-Methyl sulfolane
	[image: ]
	1.28
	1.25
	−2.3%
	100.30
	−9.15
	1.35
	−1.10

	DMSO
	[image: ]
	1.33
	1.32
	−0.9%
	57.23
	−7.77
	1.27
	−1.09

	4-Tert-butyl phenol
	[image: ]
	1.22
	1.24
	1.3%
	136.34
	−7.24
	1.16
	2.19

	Salicylic acid
	[image: ]
	1.46
	1.49
	0.3%
	100.36
	−7.79
	1.44
	−0.43

	o-Toluic acid
	[image: ]
	1.29
	1.23
	0.6%
	115.39
	−8.30
	1.31
	1.39

	1,2,4- Trichlorobenzene
	[image: ]
	1.28
	1.28
	−0.1%
	118.01
	−8.34
	1.64
	3.56

	Butylbenzene
	[image: ]
	1.19
	1.17
	−2.1%
	125.02
	−7.96
	1.05
	3.94

	1,2-Dichlorobenzene
	[image: ]
	1.26
	1.27
	0.6%
	101.86
	−8.36
	1.51
	3.03

	1,3,5-Tritylene
	[image: ]
	1.20
	1.19
	−0.7%
	113.05
	−7.76
	1.06
	3.39






	Table S6  Experimental values, predicted values and molecular descriptors of RVn-heptane/MCH in naphtha under different extractants (validation set)

	Compounds
	Molecular Formula
	RVsim
	RVpred
	RD
	α/a.u.
	EHOMO/eV
	ρ/g·cm−3
	logPoct/water/kg·mol−1

	Diglycol
	[image: ]
	1.18
	1.24
	5.0%
	71.06
	−8.90
	1.23
	−0.48

	1,4-Butanediol
	[image: ]
	1.20
	1.15
	−4.5%
	68.65
	−9.11
	1.13
	0.06

	Triethylene glycol monomethyl ether
	[image: ]
	1.22
	1.21
	−1.0%
	117.00
	−8.98
	1.21
	0.42

	1,4-Butyrolactone
	[image: ]
	1.14
	1.16
	1.7%
	51.56
	−9.32
	1.31
	−0.01

	γ-Valerolactone
	[image: ]
	1.14
	1.14
	−0.3%
	73.91
	−9.26
	1.26
	0.42

	Nitrobenzene
	[image: ]
	1.35
	1.34
	−0.1%
	101.06
	−8.88
	1.40
	1.36

	5-Methyl-2-hexanone
	[image: ]
	1.13
	1.13
	−0.3%
	111.12
	−9.21
	1.01
	0.00

	4-Fluorophenol
	[image: ]
	1.44
	1.42
	−1.6%
	73.90
	−7.53
	1.44
	1.00

	1,2,4-Tritylene
	[image: ]
	1.20
	1.22
	1.6%
	126.12
	−7.59
	1.07
	3.27




	Table S7  The energy consumption, economic performance and environmental protection analysis of the different extractive distillation separation processes

	Extractants
	TOC/106$
	TCC/106$
	TAC/106$
	QR/KW
	QC/KW
	CO2 emissions /kg·y−1
	SO2 emissions /kg·y−1
	NOx emissions /kg·y−1

	Salicylic acid
	4.6
	5.3
	6.3
	18904.9 
	-12939.3 
	8632.8 
	259.7 
	129.9 

	3-Methyl sulfolane 
	4.4
	6.6
	6.6
	18197.9 
	-13447.3 
	8310.0 
	250.0 
	125.0 

	DMP
	4.6
	6.5
	6.7
	18985.9 
	-13456.3 
	8669.8 
	260.8 
	130.4 

	NMP
	5.2
	5.1
	6.9
	21204.9 
	-18100.3 
	9683.1 
	291.3 
	145.7 





	[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Table S8  Economic evaluation of salicylic acid as extractant

	Variables
	T1
	T2
	T3
	T4
	T5
	T6
	SUM

	d/m
	1.72
	1.04
	1.51
	1.17
	1.03
	2.82
	6.33×106 $

	H/m
	27.80
	30.72
	27.80
	32.19
	6.58
	62.91
	

	QR/KW
	2763
	1136
	2102
	1757
	4048
	7099
	

	Qc/KW
	−2342
	−1131
	−2086
	−76
	−212
	−7092
	

	Cost of column vessel/$
	451439
	286896
	393524
	337879
	82575
	1474440
	

	AR/m2
	97.29
	25.00
	105.73
	128.89
	1425.35
	215.49
	

	AC/m2
	130.91
	120.69
	51.01
	1.72
	4.15
	138.73
	

	Cost of heat exchanger/$
	316421
	223621
	244930
	182043
	837109
	419872
	

	TOC/$
	638205
	264066
	488617
	391419
	1153995
	1650668
	

	TCC/$
	767860
	510517
	638454
	519921
	919684
	1894312
	

	TAC/$
	894158
	434239
	701435
	564726
	1460557
	2282105
	

	TAC/106$
	0.89
	0.43
	0.70
	0.56
	1.46
	2.28
	

	CO2 emissions /kg·y−1
	1261.73
	518.67
	959.87
	802.32
	1848.50
	3241.72
	9022.38 kg·y−1

	SO2 emissions /kg·y−1
	37.96
	15.60
	28.88
	24.14
	55.61
	97.52
	

	NOx emissions /kg·y−1
	18.98
	7.80
	14.44
	12.07
	27.81
	48.76
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