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Supplementary Table S1. Ultimate analysis results of the lignite sample 

	Ultimate analysis (dried sample)

	C
	41.92

	H
	2.75

	N
	1.18

	O
	11.37




Supplementary Table S2. Petrographic analysis results of the lignite sample

	Maceral and mineral matter

	Maceral group
	Maceral
	percent by volume

	
Huminite
	Ulminite 
	4

	
	Gelinite
	40

	
	Densinite
	9

	
	Attrinite
	2

	
Liptinite
	
Sporinite
	2

	Inertinite
	Fusinite
	1

	
	Makrinit
	3

	
	Funginite
	1

	         Pyrite
	5

	         Calcite
	3

	Clay and other organics
	30



















Supplementary Table S3. Major element contents of the lignite sample 

	
Component
	
Composition (%)

	
	

	Al2O3
	6.5

	CaO 
	2.6

	Fe2O3
	3.8

	K2O 
	0.9

	MgO 
	1.5

	MnO
	<0.1

	Na2O 
	0.4

	P2O5
	0.3

	SO3
	3.0

	SiO2
	77.2

	TiO2
	0.3



Supplementary Table S4. Major element contents of the clean coals gained at different tin salt amounts
	
Component
	Clean coal

	
	50 g/t
	100 g/t
	150 g/t
	200 g/t
	250 g/t
	300 g/t

	Al2O3, %
	7.3
	7.4
	7.3
	7.3
	7.3
	7.5

	CaO, %
	1.4
	1.5
	1.5
	1.5
	1.4
	1.5

	Fe2O3, %
	4.4
	4.5
	4.4
	4.4
	4.4
	4.5

	K2O, %
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9

	MgO, %
	0.9
	0.9
	0.9
	0.9
	0.8
	0.9

	MnO, %
	<0.1
	<0.1
	<0.1
	<0.1
	<0.1
	<0.1

	Na2O, %
	0.4
	0.4
	0.4
	0.4
	0.4
	0.5

	P2O5, %
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3

	SO3, %
	1.4
	1.1
	1.3
	1.3
	1.3
	1.0

	SiO2, %
	80.0
	80.5
	80.2
	80.0
	80.2
	80.5

	TiO2, %
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4



Supplementary Table S5. Major element contents of the clean coals gained at Aero 825 amounts
	
Component
	Clean coal

	
	100 g/t
	200 g/t
	300 g/t
	400 g/t
	500 g/t
	600 g/t
	700 g/t

	Al2O3, %
	7.3
	7.2
	7.2
	7.1
	7.1
	7.1
	7.4

	CaO, %
	1.4
	1.4
	1.5
	1.5
	1.5
	1.1
	1.5

	Fe2O3, %
	4.4
	4.4
	4.4
	4.4
	4.4
	4.4
	4.5

	K2O, %
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9

	MgO, %
	0.9
	0.8
	0.8
	0.8
	0.8
	0.8
	0.9

	MnO, %
	<0.1
	<0.1
	<0.1
	<0.1
	<0.1
	<0.1
	<0.1

	Na2O, %
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	P2O5, %
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3

	SO3, %
	1.3
	1.2
	1.4
	1.3
	1.4
	1.3
	1.4

	SiO2, %
	80,3
	80,4
	80,2
	80,4
	80,2
	80,4
	79,6

	TiO2, %
	0,4
	0,4
	0,4
	0,4
	0,4
	0,4
	0,4



Supplementary Table S6. Major element contents of the clean coals gained at different pine oil amounts
	
Component
	Clean coal

	
	100 g/t
	150 g/t
	200 g/t
	250 g/t
	300 g/t
	350 g/t
	400 g/t

	Al2O3, %
	7.4
	7.3
	7.4
	7.3
	7.4
	7.4
	7.3

	CaO, %
	1.5
	1.5
	1.5
	1.4
	1.5
	1.5
	1.4

	Fe2O3, %
	4.5
	4.4
	4.5
	4.4
	4.5
	4.5
	4.5

	K2O, %
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9

	MgO, %
	0.9
	0.8
	0.8
	0.9
	0.8
	0.8
	0.8

	MnO, %
	<0.1
	<0.1
	<0.1
	<0.1
	<0.1
	<0.1
	<0.1

	Na2O, %
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	P2O5, %
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3

	SO3, %
	1.3
	1.3
	1.2
	1.3
	1.3
	1.4
	1.2

	SiO2, %
	79.8
	80.1
	80.2
	80.3
	80.0
	79.8
	80.3

	TiO2, %
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4



Supplementary Table S7. Results of the experiments performed with the best conditions of reverse flotation
	Experiment 
No
	Clean coal
	Gangue minerals

	
	Ash, %
	C.Yield, %
	Ash, %
	C.Yield, %

	1
	36.85
35.03
35.30
34.89
35.19
35.66
35.98
35.86
37.88
35.14
35.90
36.33
35.55
36.26
35.41
35.73
35.32
36.08
35.62
36.19

	66.66
	50.33
51.35
51.40
50.37
50.75
50.16
48.52
50.26
46.72
50.44
48.33
49.21
49.61
50.09
49.44
51.22
51.38
49.31
50.58
51.81

	33.34

	2
	
	63.68
	
	36.32

	3
	
	64.63
	
	35.37

	4
	
	60.14
	
	39.86

	5
	
	62.30
	
	37.70

	6
	
	61.85
	
	38.15

	7
	
	56.71
	
	43.29

	8
	
	62.87
	
	37.13

	9
	
	56.21
	
	43.79

	10
	
	61.13
	
	38.87

	11
	
	55.58
	
	44.42

	12
	
	60.79
	
	39.21

	13
	
	59.53
	
	40.47

	14
	
	63.67
	
	36.33

	15
	
	58.44
	
	41.56

	16
	
	65.42
	
	34.58

	17
	
	64.61
	
	35.39

	18
	
	60.24
	
	39.76

	19
	
	63.10
	
	36.90

	20
	
	68.56
	
	31.44










Supplementary Table S8. Major element contents of the combined clean coal and the combined gangue mineral gained in the best conditions of reverse flotation
	
Component
	The combined clean coal
	The combined gangue mineral

	Al2O3, %
	7.2
	7.3

	CaO, %
	1.2
	1.4

	Fe2O3, %
	3.9
	4.4

	K2O, %
	0.8
	0.9

	MgO, %
	0.7
	0.8

	MnO, %
	<0.1
	<0.1

	Na2O, %
	0.3
	0.4

	P2O5, %
	0.2
	0.2

	SO3, %
	0.8
	1.0

	SiO2, %
	81.6
		82.8

	TiO2, %
	0.4
	0.3
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