All data generated or analysed during this study are included in this published article [and its supplementary information files]. 
Table. 1 Sulfur speciation analysis of coal samples
	Total sulfur /St.d（%）
	Pyrite sulfur /Sp.d（%）
	Sulfate sulfur /Ss.d（%）
	Organic sulfur So.d（%）

	2.39
	1.35
	0.19
	0.85


Table. 2 Plackett-Burman experiment design
	Serial number
	Facts
	The inorganic sulfur removal rate /%

	
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	

	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	67.04

	2
	1
	-1
	-1
	-1
	1
	1
	1
	-1
	1
	1
	-1
	62.70

	3
	-1
	-1
	1
	1
	1
	-1
	1
	1
	-1
	1
	-1
	86.31

	4
	-1
	1
	1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	57.22

	5
	-1
	-1
	-1
	1
	1
	1
	-1
	1
	1
	-1
	1
	80.25

	6
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	-1
	1
	1
	61.57

	7
	-1
	1
	1
	-1
	1
	-1
	-1
	-1
	1
	1
	1
	88.92

	8
	1
	1
	-1
	1
	-1
	-1
	-1
	1
	1
	1
	-1
	40.78

	9
	1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	-1
	1
	53.57

	10
	1
	1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	-1
	74.35

	11
	1
	-1
	1
	-1
	-1
	-1
	1
	1
	1
	-1
	1
	49.83

	12
	-1
	1
	-1
	-1
	-1
	1
	1
	1
	-1
	1
	1
	49.57


Table 3 Analysis of plackett-Burman test results

	Facts
	Level（-1）
	Level（+1）
	P
	Significance

	（A）Coal particle size /（mesh）
	80
	120+
	0.001
	2

	（B）Bacterial solution /（mL）
	10
	15
	0.018
	5

	（C）Time /（d）
	7
	14
	0.004
	3

	（D）Coal consumption /（g/L）
	80
	120
	0.225
	6

	（E）Temperature /（℃）
	25
	35
	<0.001
	1

	（F）Shaking table speed /（r/min）
	140
	160
	0.833
	7

	（G）Initial pH value
	1.8
	2.3
	0.01
	4


Table. 4 Steepest climbing experiment results

	Step size
	（E）temperature /℃
	（A）coal particle size /mesh
	（C）time/d
	The inorganic sulfur removal rate /%

	X+1△x
	25
	60
	7
	66.42

	X+2△x
	30
	80
	14
	85.38

	X+3△x
	35
	100
	21
	62.80

	X+4△x
	45
	120
	28
	32.88


Table. 5 Response surface factor level code

	Facts
	Levels

	
	-1
	0
	1

	（x1）temperature/℃
	20
	30
	10

	（x2）coal particle size /mesh
	60
	80
	100

	（x3）time/d
	7
	14
	21


Table. 6 Response surface test design

	Serial number
	temperature /℃
	coal particle size /mesh
	time/d
	The inorganic sulfur removal rate /%

	1
	40
	60
	14
	43.12

	2
	40
	80
	7
	45.36

	3
	20
	80
	21
	63.83

	4
	30
	80
	14
	76.65

	5
	30
	80
	14
	80.62

	6
	20
	100
	14
	68.23

	7
	30
	100
	21
	87.56

	8
	30
	60
	21
	73.46

	9
	20
	80
	7
	60.36

	10
	30
	80
	14
	78.96

	11
	40
	100
	14
	53.62

	12
	30
	100
	7
	74.36

	13
	20
	60
	14
	63.96

	14
	40
	80
	21
	55.82

	15
	30
	60
	7
	75.32


Table. 7 Significance test of regression model

	Term
	Coefficient


	Coefficient standard deviation
	T
	P

	constant
	-58.4613
	30.2775
	-1.931
	0.111

	x1
	11.4520
	0.9201
	12.120
	<0.0001**

	x2
	-0.4010
	0.5428
	-0.739
	0.493

	x3
	-1.8869
	1.1153
	-1.692
	0.151

	x12
	-0.2143
	0.0124
	-17.257
	<0.0001**

	x22
	-0.0002
	0.0031
	-0.069
	0.948

	x32
	-0.0199
	0.0253
	-0.786
	0.468

	x1x2
	0.0078
	0.0060
	1.306
	0.249

	x1x3
	0.0250
	0.0170
	1.465
	0.203

	x2x3
	0.0268
	0.0085
	3.150
	0.025*


Table. 8 Analysis of variance of regression model

	Source
	Degrees of freedom
	Seq SS
	Adj SS
	Adj MS
	F
	P

	Regression model
	9
	2387.96
	2387.96
	265.329
	46.62
	<0.0001**

	Linear
	3
	604.37
	966.47
	322.156
	35.39
	<0.001**

	Square
	3
	1705.19
	1705.19
	568.398
	99.86
	<0.0001**

	Interaction
	3
	78.39
	78.39
	26.131
	4.59
	0.067

	Mismatch term
	3
	20.51
	20.51
	6.836
	1.72
	0.388

	Residual
	5
	28.46
	28.46
	5.692
	
	

	Pure error
	2
	7.95
	7.95
	3.975
	
	

	Total
	14
	2416.42
	
	
	
	


Table. 9 Optimal parameters design of the inorganic sulfur removal rate

	Parameter
	temperature /℃
	coal particle size /mesh
	time/d
	The inorganic sulfur removal rate /%

	
	
	
	
	predicted value 
	 real value

	Maximum value
	40
	100
	7
	
	

	Minimum value
	20
	60
	21
	
	

	Optimization scheme
	29.50
	100
	11.67
	79.99
	79.78
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Fig. 1 Kinetic parameters of growth at different temperatures
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Fig. 3 Variation trend of Fe2+ conversion rate over time
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Fig. 4 Comparison between predicted value and real value
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