Wood-derived biochar as thick electrodes for high-rate performance supercapacitors
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S1. Material characterization and electrochemical measurements of samples
Material characterization
The average carbon crystallite lattice parameters: inter-layer spacing (d002) and crystallite height (Lc) were determined on basis of XRD results via the Bragg (equation (1)) and Scherrer equations (equation (2)) (Hadoun et al. 2013): 


Where λ (nm), θ (°), and Bc (°) stands for X-ray wavelength (0.154056 nm for copper Kα radiation), peak position of (002) band, and full width at half maximum (FWHM) of the corresponding band, respectively.
Electrochemical measurements
CV is a capable electrochemical analysis means for researching the reaction kinetics of different kinds of electrodes. Based on the Duun’s method (Augustyn et al. 2014), the voltage response of electroactive species at disparate scanning rates can be described in the following equations:

Where i is current response at a fixed potential, ν is the scan rate, the a and b present fitting parameters. The parameter b value determined from the slope of the log i with respect to log v, which can be used to estimate the type of charge storage. Usually, when b value is 0.5, it represents a diffusion-controlled faradaic behavior, and when b value of 1 indicate a non-faradaic capacitive process 
By separating the total current response (i) at a given voltage, the contribution can be quantitatively separated into capacitive-controlled process and diffusion-controlled process according to the following equation: 

Where the k1ν and k2ν1/2 correspond to capacitive- and diffusion-controlled contribution, respectively.
The areal specific capacitances (Cs, mF cm-2), gravimetric specific capacitances (Cm, F g-1) and volumetric specific capacitances (Cv, F cm-3) were both calculated from discharge curves. 
For three-electrode system, the Cs and Cm of a single electrode was obtained from GCD curves according to equations (6) and (7), respectively. The Cv of single electrode was calculated from Cs by the formula (8). Moreover, the SSA-normalized capacitance was calculated from Cm and SSA by formula (9).


Where I (A) is the discharge current, Δt (s) is the galvanostatic discharge time (s), s, d, m represent the area (cm2), thickness (cm) and mass (g) of carbon monolith in a single electrode, respectively. ΔV (V) is potential window of the discharge process. That is, I/s (mA cm-2) and I/m (A g-1) refer to the areal current density and gravimetric current density, respectively. 
Two pieces of FA-OC2 slices were used to assemble a symmetric supercapacitor. The C’s, C’m and C’v of a single electrode under the two-electrode system can be calculated from GCD curves by the equations (10) to (12).

Similarly, I (A) is the discharge current, Δt (s) is the galvanostatic discharge time (s), s, d, m represent the area (cm2), thickness (cm) and mass (g) of carbon monolith in a single electrode, respectively. ΔV (V) is potential window of the discharge process. That is, I/s (mA cm-2) and I/m (A g-1) refer to the areal current density and gravimetric current density, respectively. 
[bookmark: OLE_LINK11]The areal energy density (Es, mWh cm-2), areal power density (Ps, mW cm-2), gravimetric energy density (Em, Wh kg-1), gravimetric power density (Pm, W kg-1), volumetric energy density (Ev, mWh cm-3) and volumetric power density (Pv, mW cm-3) of electrodes was based on the calculated capacitance values and evaluated according to the following equation: 





S2. Photographic images and SEM images of samples

[image: ]
[bookmark: _Hlk88310212]Fig. S1 Photographic images of (a) the natural W, FA-W, FA-OC and the thickness of (b) W and (c) FA-OC
[image: ]
Fig. S2 SEM images of FA-OC2, (a) the top view of channels, (b) the cross-section view of vertical channels, (c) high magnification image of a channel


S3. Analysis of heteroatom-containing functional groups
[image: ]
Fig. S3 High-resolution N 1s spectra of FA-OC



Fig. S4 Schematic diagram of the carbon matrix, indicating the locations of the various N/O-containing functional groups


S4. Capacitive properties of electrodes
[image: ]
Fig. S5 (a) the CV curves of WC and OC at 100 mV s-1. (b) The GCD profiles of WC and OC at 10 mA cm-2
[image: ]
Fig. S6 (a-d) The capacitive contribution from CV curves of FA-OC electrodes at different scan rates. (e) The fitted EIS plots of FA-OC, the inset is the corresponding equivalent circuit diagram
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Fig. S7 (a) The CV curves of FA-OC1 at different scan rates and (b-g) corresponding capacitive contribution. (h, i) The GCD profiles of FA-OC1 at various current densities
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Fig. S8 (a-e) The capacitive contribution of FA-OC2 at different scan rates. (f) The GCD profiles of FA-OC2 at various current densities
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[bookmark: _Hlk88493624]Fig. S9 (a) The CV curves of FA-OC3 at different scan rates and (b-g) corresponding capacitive contribution. (h, i) The GCD profiles of FA-OC3 at various current densities
[image: ]
Fig. S10 The comparison profiles of rate performance of FA-OC, FA-OC1, FA-OC2 and FA-OC3: (a) Cs (b) Cm and Cv. (d) The fitted EIS plots of FA-OC1, FA-OC2 and FA-OC3, the inset is the corresponding equivalent circuit diagram
[image: ]
Fig. S11 The Ps, Pm, Pv and Es, Em, Ev of FA-OC2//FA-OC2 symmetric supercapacitor


S5. Porosity and element characteristics of samples
Table S1 Porosity and element characteristics of the prepared WC, OC, FA-OC, FA-OC1, FA-OC2, and FA-OC3 samples
	Sample
	SSA 
(m² g-1)
	Vt 
(cm³ g-1)
	C (atomic %)
	O (atomic %)
	N (atomic %)

	WC
	110.7
	0.15
	92.7
	7.3
	/

	OC
	204.83
	0.13
	86.2
	12.8
	/

	FA-OC
	312.73
	0.15
	89.1
	8.6
	2.3

	FA-OC1
	155.94
	0.07
	88.5
	9.2
	2.3

	FA-OC2
	126.21
	0.06
	87.5
	10.3
	2.2

	FA-OC3
	73.16
	0.03
	84.6
	13.6
	1.8


The SSA and Vt of WC was obtained from Ref. (Tang et al. 2018).


S6. Specific parameters of capacitance performance
Table S2 The calculated Cs, Cm and Cv of the prepared OC electrodes at different current densities
	Current density
(mA cm-2)
	Current density
(A g-1)
	Cs (mF cm-2)
	Cm (F g-1)
	Cv (F cm-3)

	5
	0.09
	3190.0
	79.8
	39.9

	[bookmark: _Hlk88412646]10
	0.17
	2640.0
	66.0
	33.0

	30
	0.56
	2085.4
	52.1
	26.1

	50
	0.93
	1802.3
	45.1
	22.5

	100
	1.85
	1431.6
	35.8
	17.9




Table S3 The calculated Cs, Cm and Cv of the prepared FA-OC electrodes at different current densities
	Current density
(mA cm-2)
	Current density
(A g-1)
	Cs
(mF cm-2)
	Cm 
(F g-1)
	Cv 
(F cm-3)

	2
	0.04
	4346.1
	120.7
	54.3

	5
	0.10
	3775.0
	104.9
	47.2

	10
	0.20
	3506.3
	97.4
	43.8

	30
	0.58
	3137.4
	87.2
	39.2

	50
	0.96
	3005.0
	83.5
	37.6

	100
	1.92
	2759.2
	79.9
	34.5

	200
	3.85
	2333.3
	66.9
	29.2

	300
	5.77
	1843.1
	51.0
	22.9

	400
	7.69
	1208.4
	33.4
	15.1

	500
	9.62
	821.8
	23.1
	10.3



Table S4 The fitted resistance value of OC and FA-OC, respectively
	Electrodes
	Rs (ohm)
	Rct (ohm)
	Wo (ohm)

	OC
	1.15
	0.62
	4.86

	FA-OC
	0.98
	0.41
	3.84




Table S5 The calculated Cs, Cm, Cv and SSA-normalized capacitance of the prepared FA-OC1 electrodes at different current densities
	Current density
(mA cm-2)
	Current density
(A g-1)
	Cs
(mF cm-2)
	Cm
(F g-1)
	Cv
(F cm-3)
	SSA-normalized capacitance
(μF cm-2)

	2
	0.05
	4688.5
	[bookmark: _Hlk104498413]154.5
	[bookmark: _Hlk104498434]58.6
	99.1

	5
	0.11
	3955.6
	130.1
	49.4
	83.4

	10
	0.23
	3670.3
	118.9
	45.9
	76.2

	30
	0.68
	3309.8
	108.6
	41.4
	69.6

	50
	0.14
	3113.8
	103.2
	38.9
	66.2

	100
	2.27
	2973.1
	97.8
	37.2
	62.7

	200
	4.55
	2783.0
	92.0
	34.8
	59.0

	300
	6.82
	2681.7
	89.2
	33.5
	57.2

	400
	9.09
	2533.4
	84.3
	31.7
	54.1

	500
	11.36
	2367.0
	78.7
	29.6
	50.5





Table S6 The calculated Cs, Cm, Cv and SSA-normalized capacitance of the prepared FA-OC2 electrodes at different current densities
	Current density
(mA cm-2)
	Current density
(A g-1)
	Cs
(mF cm-2)
	Cm
(F g-1)
	Cv
(F cm-3)
	SSA-normalized capacitance
(μF cm-2)

	[bookmark: OLE_LINK16]2
	0.05
	6538.5
	[bookmark: OLE_LINK41]223.9
	81.7
	177.4

	5
	0.13
	5620.4
	192.5
	70.3
	152.5

	10
	0.25
	5183.6
	177.5
	64.8
	140.6

	30
	0.75
	4509.0
	154.4
	56.4
	122.3

	50
	1.25
	4386.0
	150.2
	54.8
	119.1

	100
	2.50
	4259.4
	145.9
	53.2
	115.6

	200
	5.00
	4152.4
	142.2
	51.9
	112.7

	300
	7.50
	4025.6
	137.9
	50.3
	109.3

	400
	10.00
	3948.8
	135.2
	49.4
	107.1

	[bookmark: _Hlk88059342]500
	12.50
	3821.2
	130.9
	47.8
	103.7





Table S7 The calculated Cs, Cm, Cv and SSA-normalized capacitance of the prepared FA-OC3 electrodes at different current densities
	Current density
(mA cm-2)
	Current density
(A g-1)
	Cs
(mF cm-2)
	Cm
(F g-1)
	Cv
(F cm-3)
	SSA-normalized capacitance
(μF cm-2)

	2
	0.05
	6516.3
	[bookmark: _Hlk104498531]229.4
	81.5
	313.6

	5
	0.13
	5128.4
	180.6
	64.1
	246.9

	10
	0.26
	4445.1
	156.5
	55.6
	213.9

	30
	0.79
	4048.6
	142.6
	50.6
	194.9

	50
	1.32
	3978.8
	140.1
	49.7
	191.5

	100
	2.63
	3763.4
	133.2
	47.0
	182.1

	200
	5.26
	3646.6
	129.3
	45.6
	176.7

	300
	7.89
	3557.4
	124.9
	44.5
	170.7

	400
	10.53
	3412.0
	118.8
	42.7
	162.4

	500
	13.16
	3309.5
	114.8
	41.4
	156.9



Table S8 The fitted resistance value of FA-OC1, FA-OC2 and FA-OC3, respectively
	Electrodes
	Rs (ohm)
	Rct (ohm)
	Wo (ohm)

	FA-OC1
	1.03
	0.74
	2.01

	FA-OC2
	1.12
	0.37
	1.80

	FA-OC3
	1.33
	0.82
	2.02



Table S9 The calculated C’s, C’m, C’v and SSA-normalized capacitance of the prepared FA-OC2//FA-OC2 symmetric supercapacitors at different current densities
	Current density
(mA cm-2)
	Current density
(A g-1)
	C’s
(mF cm-2)
	C’m
(F g-1)
	C’v
(F cm-3)

	2
	0.05
	5037.5
	172.5
	63.0

	5
	0.13
	4924.9
	168.7
	61.6

	10
	0.25
	4791.2
	164.1
	59.9

	15
	0.38
	4551.7
	155.9
	56.9

	20
	0.50
	4421.3
	151.4
	55.3

	25
	0.63
	4250.0
	145.5
	53.1

	30
	0.75
	4207.8
	144.1
	52.6

	50
	1.25
	4006.2
	137.2
	50.1

	100
	2.50
	3622.9
	124.1
	45.3





[bookmark: _Hlk88492683]Table S10 The calculated Ps, Pm, Pv and Es, Em, Ev of FA-OC2//FA-OC2 symmetric supercapacitor
	Current density
(mA cm-2)
	Ps 
(mW cm-2)
	Es
(mWh cm-2)
	Pm
(W kg-1)
	Em
(Wh kg-1)
	Pv
(mW cm-3)
	Ev
(mWh cm-3)
	

	2
	1.9
	0.65
	65.8
	22.44
	24.0
	8.15

	5
	4.8
	0.63
	164.2
	21.54
	59.9
	7.86

	10
	9.2
	0.58
	315.9
	19.87
	115.5
	7.23

	15
	13.0
	0.52
	446.9
	17.68
	163.1
	6.44

	20
	16.5
	0.44
	565.8
	15.06
	206.5
	5.53

	25
	20.0
	0.39
	684.9
	13.29
	250.0
	4.87

	30
	23.1
	0.36
	791.1
	12.22
	288.8
	4.48

	50
	30.5
	0.22
	1045.6
	7.56
	381.6
	2.76

	100
	58.0
	0.16
	1996.4
	5.61
	725.0
	2.03






S7. Comparison of this work with other studies
Table S9 The comparison of electrochemical performance between FA-OC2//FA-OC2 symmetric supercapacitor and the wood-based and other biomass-based symmetric/asymmetric supercapacitor reported in the literatures
	Precursor
	Material functionalization
	Initial capacitance
	Rate performance
	Cycle durability
	Maximum energy density
	Maximum power density
	Ref.

	Basswood
	10.3% for O,
2.2% for N.
	5037.5 mF cm-2, 172.5 F g-1, 
[bookmark: OLE_LINK1]63.0 F cm-3 
at 2 mA cm-2
	4207.8 mF cm-2,
144.1 F g-1,
52.6 F cm-3
at 30 mA cm-2
	90.7%
10,000
100 mA cm-2
	0.65 mWh cm-2,
22.44 Wh kg-1,
8.15 mWh cm-3
	[bookmark: OLE_LINK3]58.0 mW cm-2, 
[bookmark: OLE_LINK17]1996.4 W kg-1 725 mW cm-3
	This work

	Chinese fir wood
	N/O-doped 
NiCo-LDH
	4740 mF cm-2
at 5 mA cm-2
	2460 mF cm-2 
at 30 mA cm-2
	93.2%
8,000
80 mA cm-2
	1.48 mWh cm-2
	22.4 mW cm-2
	(Li et al. 2021b)

	Basswood
	19.86% for O
9.24% for P
	4700 mF cm-2,
206.5 F g-1, 
29.3 F cm-3 
at 1 mA cm-2
	2900 mF cm-2
106 F g-1, 
18.1 F cm-3 
at 20 mA cm-2
	90.5%
20,000
20 mA cm-2
	0.94 mWh cm-2
	14.4 mW cm-2
	(Wang et al. 2021a)

	Basswood
	4.0% for O
5.2% for N
0.3% for S
	135 F g-1 at
 0.2 A g-1
	79 F g-1 at
 4 A g-1
	94%
5,000
2 A g-1
	15.2 Wh kg-1
	3234 W kg-1
	(Tang et al. 2018)

	Chinese fir wood
	Polyaniline/carbon nanotube
	90.9 F g-1,
25.1 F cm-3 
at 5 mA cm-2
	34.4 F g-1,
9.5 F cm-3 
at 20 mA cm-2
	93.7%
10,000
20 mA cm-2
	40.5 Wh kg-1
	/
	(Wu et al. 2020)

	Basswood
	Electrodeposition MnO2
	3600 mF cm-2,
35.6 F g-1,
at 1 mA cm-2
	1300 mF cm-2
at 10 mA cm-2
	93%
10,000
10 mA cm-2
	16 Wh kg-1
	107.7 W kg-1
	(Chen et al. 2017)

	Poplar wood
	Electrodeposition Co(OH)2
	2200 mF cm-2,
34.8 F g-1,
at 1 mA cm-2
	1300 mF cm-2,
20.8 F g-1
at 20 mA cm-2
	85%
10,000
50 mA cm-2
	10.87 Wh kg-1
	236.8 W kg-1
	(Wang et al. 2018)

	Precursor
	Material functionalization
	Initial capacitance
	Rate performance
	Cycle durability
	Maximum energy density
	Maximum power density
	Ref.

	Poplar wood
	Air-activated
9.09% for O
	1680 mF cm-2,
33.5 F g-1,
5.58 F cm-3 
at 1 mA cm-2
	1150 mF cm-2,
21 F g-1
at 20 mA cm-2
	86%
10,000
10 mA cm-2
	0.23 mWh cm-2,
4.59 Wh kg-1
	200 mW kg-1
	(Zhang et al. 2020)

	Basswood
	Cellulase-treated 
	1500 mF cm-2,
79 F g-1
at 1 mA cm-2
	570 mF cm-2,
30 F g-1
at 50 mA cm-2
	86.6%
15,000
20 mA cm-2
	0.21 mWh cm-2,
10.97 Wh kg-1
	15.0 mW cm-2
800 W kg-1
	(Wang et al. 2021b)

	Balsa wood
	7.14% for O,
0.44% for N,
0.09 for P
	1363 mF cm-2,
44 F g-1,
2.8 F cm-3 
at 1 mA cm-2
	500 mF cm-2,
at 20 mA cm-2
	[bookmark: OLE_LINK2]90%
10,000
20 mA cm-2
	0.63 mWh cm-3
	13.83 mW cm-3
	(Liu et al. 2020)

	Balsa wood
	Electrooxidation
Ni-NiO
	4.59 F cm-3 
at 10 mA cm-2
	2.05 F cm-3 
at 40 mA cm-2
	97.8%
4,000
30 mA cm-2
	4.36 Wh kg-1,
1.44 mWh cm-3
	642.86 W kg-1 211.7 mW cm-3
	(Li et al. 2021a)

	Cotton fiber wiper
	MXene/CF
	76 F g-1,
1.54 F cm-3 
at 0.5 A g-1
	51 F g-1,
1.02 F cm-3 
at 50 A g-1
	/
	10.6 Wh kg-1,
0.22 mWh cm-3
	12780 W kg-1 250.2 mW cm-3
	(Sun et al. 2021b)

	Cellulose nanofiber
and
corncob
	MnO2/Bio-AC/rGO/CNF
	812.2 mF cm-2
at 1 mA cm-2
	202 mF cm-2
at 20 mA cm-2
	99%
5,000
	0.365 mWh cm-2
	15 mW cm-2
	(Chen et al. 2021)

	Lignosulfonate
	Lignosulfonate/polypyrrole/
carbon nanospheres
	522 mF cm-2
at 0.5 mA cm-2
	228 mF cm-2
at 20 mA cm-2
	79.8%
7,000
10 mA cm-2
	72.5 μWh cm-2
	250 μW cm-2
	(Peng et al. 2019)

	Sodium alginate
	~10% for O
	419.3 F g-1
at 0.5 A g-1
	244 F g-1
at 20 A g-1
	90.2% 
20,000
8 A g-1
	58.24 Wh kg-1
	61 kW kg-1
	(Xia et al. 2019)

	Precursor
	Material functionalization
	Initial capacitance
	Rate performance
	Cycle durability
	Maximum energy density
	Maximum power density
	Ref.

	Flax
	5.56% for N
	1257.9 mF cm-2
at 1 mA cm-2
	703.2 mF cm-2
at 1 mA cm-2
	90% 
5,000
1 A g-1
	174.7 μWh cm-2
	10 mW cm-2
	(He et al. 2020)

	Cotton fabric
	7.39% for O
2.56 for N
0.61 for S
0.45 for P
	1804.6 mF cm-2, 
30.1 F cm-3
at 2 mA cm-2
	800 mF cm-2, 
13 F cm-3
at 10 mA cm-2
	91.1%
4.000
	28.4 Wh kg-1 
9.4 mWh cm-3
	~800 W kg-1
	(Sun et al. 2021a)

	Glucose
	2.1% for P
4.1% for N
MnO2
	96 F g-1
at 0.5 A g-1
	32 F g-1
at 20 A g-1
	93%
10,000
at 10 A g-1
	41.5 Wh kg-1
	7260 W kg-1
	(Liu et al. 2021)

	Eucalyptus 
	18.61% for O
	116 F g-1
at 1.5 A g-1
	68 F g-1
at 5 A g-1
	/
	41 Wh kg-1
	2396 W kg-1
	(Atika and Dutta 2021)

	Tremella
	N/O/S-doped
	138.9 F g-1
at 0.2 A g-1
	50.1 F g-1
at 20 A g-1
	93.5%
10,000
at 2 A g-1
	19.29 Wh kg-1
	1002 W kg-1,
	(Zhang et al. 2019)
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