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Characterization
The moisture and ash content of lignite is analyzed by the industrial analysis method of GB/T 212--2008; the content of humic acid is determined by the volumetric method of GB/T 11957--2001; the content of water-soluble humic acid and water-insoluble matter in lignite is characterized according to the test standard of sodium humate for agriculture in HGT 3278--2011.
Table S1. Chemical composition of lignite
	Component analysis, wt% (as received)
	

	Ash
	10.15

	Moisture 
	8.07

	Organic components
	81.78

	Main constituents, wt.% (on dry basis after pretreatment)

	Total humic acid
	32.62

	Free humic acid
	24.93

	Alkali insoluble organic matter
	57.34

	SiO2
	3.63

	Al2O3
	1.13

	Fe2O3
	1.65

	CaO
	1.11

	MgO
	0.33

	K2O
	0.12

	Na2O
	0.08

	Other compositions
	1.89








[bookmark: _Hlk143352984]Table S2. Pore structure parameters of LC and LCN samples
	Sample
	Specific surface area
(m2 g-1)
	Pore volume
(cm3 g-1)
	Average pore diameter (nm)

	LC
	30.49
	0.13
	17.03

	LCN6/1
	32.45
	0.15
	18.29

	LCN5/1
	199.09
	0.26
	5.91

	LCN4/1
	205.64
	0.29
	5.02



[bookmark: _Hlk142408699][bookmark: OLE_LINK1]Table S3. Atomic percentage of different elements calculated from XPS spectra.
	Samples
	Element content (wt.%)
	Other compositions (wt.%)

	
	C (at.%)
	O (at.%)
	N (at.%)
	

	[bookmark: _Hlk141715066]LC
	79.55
	19.83
	0
	0

	[bookmark: _Hlk141459401]LCN6/1
	73.4
	21.76
	4.72
	0.12

	LCN5/1
	68.01
	22.23
	9.62
	0.14

	LC N4/1
	64.06
	23.03
	12.80
	0.11



[bookmark: _Hlk141538658]Table S4. The content of different N in the total mass of LCN samples
	Samples
	N-O (at.%)
	[bookmark: OLE_LINK3]Graphitic N (at.%)
	Pyrrole N (at.%)
	Pyridine N (at.%)

	LCN6/1
	0.81
	0.50
	2.09
	1.32

	LCN5/1
	1.87
	1.08
	4.45
	2.22

	[bookmark: OLE_LINK2]LCN4/1
	3.01
	3.04
	4.33
	2.41



[bookmark: _Hlk142412445]Table S5. Parameters of equivalent circuit components of LC and all LCN electrodes.
	Samples
	Rs (ohm)
	Rct (ohm)

	LC
	9.9
	1750

	LCN6/1
	7.4
	908.8

	LCN5/1
	6.9
	506.7

	LCN4/1
	5.7
	489.5


Table S6. Comparison of electrochemical performance with hard carbon materials electrodes
	Samples
	Current density (mA/g)
	Cycles
	Capacity (mAh/g)
	Ref.

	Nitrogen-Doping Hard-Carbon
	200
	100
	224
	[1]

	N-doped carbon
	100
	200
	242.5
	[2]

	Nitrogen-doped Porous Carbon
	200
	200
	297
	[3]

	Nitrogen Doped Porous Carbon 
	100
	100
	289.1
	[4]

	N-doped carbon fibers decorated with N-doped carbon clusters
	100
	100
	310
	[5]

	S-doped flowerlike porous carbon
	100
	700
	206.3
	[6]

	[bookmark: _Hlk146722399]S-doped hard carbon
	100
	1000
	298.1
	[7]

	N/S co-doped porous carbon
	50
	70
	289.7
	[8]

	N/S co-doped porous carbon
	100
	100
	278
	[9]

	S/N-co-doped graphite nanosheets
	200
	100
	159.5
	[10]

	S, Se and N co-doped hard carbon
	100
	450
	207
	[11]

	N/S co-doped porous carbon
	50
	50
	285.3
	[12]

	N-doped hierarchical porous carbon
	100
	100
	314
	This work

	
	1000
	1500
	124.3
	



[image: ]
[bookmark: _Hlk142406837]Figure S1. C 1s spectra of (a) LCN6/1 and (b) LCN4/1.
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Figure S2. N 1s spectra of (a) LCN6/1 and (b) LCN4/1.
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Figure S3. (a) initial charge/discharge profiles of LC and all LCN electrodes at 0.1 A g-1 and (b) charge/discharge profiles of LCN5/1 electrode at under different cycles at 0.1 A g-1
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[bookmark: _Hlk141715851][bookmark: OLE_LINK8]Figure S4. The equivalent circuit of LC and all LCN electrodes.
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Figure S5. (a) CV curves at 0.05 mV s-1, (b) CV curves at diverse sweep rates from 0.1 to 5 mV s-1, (c) log(i) versus log(ν) plots of anodic and cathodic current response in (a), respectively, (d) capacity contribution ratios at diverse scan rates of LC.
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[bookmark: _Hlk113525817]Figure S6. (a) Cycling performance at 0.1 A/g of C3N4
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