


Supporting Information
Effect of low-carbon coal gangue on the stability and dissolved or-ganic matter characteristics of co-pyrolysis biochar: insights on py-rolysis temperatures and minerals
Table S1 The basic properties and oxide composition of coal gangue.
	Sample
	C(%)
	H(%)
	N(%)
	S(%)
	SiO2(%)
	Al2O3(%)
	Fe2O3(%)

	Coal gangue
	2.60
	0.948
	1.69
	0.076
	65.80
	23.16
	1.97




Table S2 Calculation formula for EEM fluorescence spectral parameters.
	Parameter
	Formula

	Fluorescence index (FI)
	

	Biological index (BIX)
	

	Humification index (HIX)
	




Table S3 R50 values of straw biochar and coal gangue-straw co-pyrolysis biochar.
	Biochar
	R300
	R450
	R600
	W300
	W450
	W600
	C300
	C450
	C600

	R50
	0.50
	0.52
	0.57
	0.50
	0.52
	0.57
	0.50
	0.52
	0.55

	Co-pyrolysis biochar
	CR300
	CR450
	CR600
	CW300
	CW450
	CW600
	CC300
	CC450
	CC600

	R50
	0.47
	0.52
	0.58
	0.45
	0.50
	0.56
	0.47
	0.53
	0.60




Table S4 Basic properties of corn straw biochar and coal gangue-corn straw co-pyrolysis biochar.
	Sample
	C300
	C450
	C600
	CC300
	CC450
	CC600

	C(%)
	51.81
	54.60
	51.22
	43.59
	41.26
	41.34

	H(%)
	2.89
	1.64
	0.75
	2.33
	1.30
	0.65

	O(%)
	12.98
	2.98
	2.31
	13.17
	5.18
	2.59

	Ash(%)
	28.88
	37.48
	42.03
	38.17
	48.69
	51.85

	H:C
	0.67
	0.36
	0.18
	0.64
	0.38
	0.19

	O:C
	0.19
	0.04
	0.03
	0.23
	0.09
	0.05




Table S5 R50 values of corn straw biochar and minerals-corn straw co-pyrolysis biochar.
	Sample
	C600
	FeC600
	AlC600
	SiC600

	R50
	0.55
	0.57
	0.58
	0.56




Table S6 UV-vis and EEM spectra parameters of DOM derived from minerals-corn straw co-pyrolysis biochar.
	Sample
	SUVA254
(L mg-1 m-1)
	SUVA260
(L mg-1 m-1)
	FI
	BIX
	HIX

	FeC600
	5.49±0.68
	4.23±0.59
	1.49±0.02
	0.30±0.01
	9.04±0.50

	AlC600
	9.35±0.98
	7.26±0.80
	1.47±0.02
	0.53±0.01
	11.09±0.26

	SiC600
	9.71±0.37
	7.78±0.55
	1.42±0.01
	0.60±0.00
	9.99±0.29





[image: ]
Fig. S1 (a) TGA and DTA curves of  coal gangue and corrected TGA curves of biochar and co-pyrolysis biochar.



Fig. S2 The Raman spectra of corn straw biochar and coal gangue-corn straw co-pyrolysis biochar.



[bookmark: _Hlk166261471]Fig. S3 The DOC content in corn straw biochar and coal gangue-corn straw co-pyrolysis biochar.



Fig. S4 Linear regression analysis of DOC content and R50 values.



Fig. S5 UV-vis patterns of coal gangue and biochar samples.



Fig. S6 Four components and loadings map of DOM.


Fig. S7 Raman spectra of corn straw biochar and minerals-corn straw co-pyrolysis biochar.


Fig. S8 The fluorescence excitation-emission matrix (EEM) spectra of DOM derived from corn straw biochar and minerals-corn straw co-pyrolysis biochar.




oleObject1.bin

image3.emf
CG C300 C450 C600 CC300 CC450 CC600

0

200

400

600

800

1000

1200

1400

1600

DOC content (mg/g)

a

b

c

c

d

d

e


oleObject2.bin

image4.emf
0.44 0.46 0.48 0.50 0.52 0.54 0.56 0.58 0.60

0

200

400

600

800

1000

1200

1400

DOC

 content (mg/kg)

R50 values

 r=-0.6806, P<0.01

y=-5485.76x+3275.62


oleObject3.bin

image5.emf
200 300 400 500 600

0.0

0.5

1.0

1.5

2.0

2.5

Absorbance

Wavelength (nm)

 C300

 C450

 C600

 CC300

 CC450

 CC600

 FeC600

 AlC600

 SiC600

 CG


oleObject4.bin

image6.emf
200 250 300 350 400 450 500

250

300

350

400

450

500

550

600

Ex (nm)

Em (nm)

0.00

0.01

0.03

0.04

0.06

0.07

0.08

0.10

0.11

R.U.

C1

200 250 300 350 400 450 500

250

300

350

400

450

500

550

600

Ex (nm)

Em (nm)

0.00

0.01

0.03

0.04

0.05

0.06

0.08

0.09

0.10

R.U.

C2

200 250 300 350 400 450 500

250

300

350

400

450

500

550

600

Ex (nm)

Em (nm)

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.13

0.15

R.U.

C3

200 250 300 350 400 450 500

250

300

350

400

450

500

550

600

Ex (nm)

Em (nm)

0.00

0.01

0.02

0.03

0.04

0.04

0.05

0.06

0.07

R.U.

C4

200 300 400 500 600

0.0

0.1

0.2

0.3

0.4

0.5

C1

 loadings

Wavelength/nm

 Ex

 Em

200 300 400 500 600

0.0

0.1

0.2

0.3

0.4

0.5

C2

 loadings

Wavelength/nm

 Ex

 Em

200 300 400 500 600

0.0

0.1

0.2

0.3

0.4

0.5

0.6

C3

 loadings

Wavelength/nm

 Ex

 Em

200 300 400 500 600

0.0

0.1

0.2

0.3

0.4

C4

 loadings

Wavelength/nm

 Ex

 Em


oleObject5.bin

image7.emf
1000 1500 2000

1337

1601

1348

1601

1345

1601

1341

1600

FeBC

ID/IG=0.76

AlBC

ID/IG=0.75

SiBC

Raman shift（cm

-1

）

ID/IG=0.74

CC6

ID/IG=0.70


oleObject6.bin

image8.emf
200 250 300 350 400 450 500

250

300

350

400

450

500

550

600

Em (nm)

0.00

0.02

0.04

0.06

0.07

0.09

0.11

0.13

0.15

C600

FeC600

AlC600 SiC600

200 250 300 350 400 450 500

250

300

350

400

450

500

550

600

R.U.

0.00

0.05

0.10

0.15

0.20

0.25

0.29

0.34

0.39

R.U.

R.U.

200 250 300 350 400 450 500

250

300

350

400

450

500

550

600

Ex (nm)

Em (nm)

0.00

0.13

0.25

0.38

0.51

0.63

0.76

0.88

1.01

200 250 300 350 400 450 500

250

300

350

400

450

500

550

600

Ex (nm)

R.U.

0.00

0.09

0.18

0.27

0.36

0.45

0.54

0.63

0.72


oleObject7.bin

image1.png
002

[E——p—
% 0.00
9%
= s
9
S 4
3 o
= %2 -
£ Z
= A 006
008
010
10 20 30 40 0 6o 700 800 100 20 300 400 S0 G0 700 500
Temperature (°C) Temperature (°C)
(b) 10 10
p—vry = w0
——Ris0 e s
0 ——Re0 0 - 0 —— s
——cR300 —cwin —cci
——CRa50 ——cwaso ——ccuso
—cre0 | @ g —ovw | 5 g ——ccan
g T
3 )
g R
2 2 2
9 9 9
0 30 40 S0 &0 70 0 0 a0 s e w0 s %o 0w w0 70

Temperature (°C)

Temperature (°C)

Temperature °C)





image2.emf
1000 1500 2000

1000 1500 2000

1592

1381

1370

1597

1341

1600

1601

1368

1597

1348

1599

CC300

CC450

CC600

ID/IG=0.70

C300

C450

ID/IG=0.58

C600

Raman shift（cm

-1

）Raman shift（cm

-1

）

ID/IG=0.75

ID/IG=0.56


