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TABLES
Table 1 Physicochemical characteristic of RBC and AcBC
	Material
	SBET* (m2/g)
	
	Smic** (m2/g)
	Smic/SBET
	Sext*** (m2/g)
	Pore Diameter**** (nm)
	pHpzc
	Elemental contents (%)

	
	
	
	
	
	
	
	
	C
	O
	Si
	Al
	Ca
	K
	Fe
	Na
	Cl
	S

	RBC
	5.06
	
	1.82
	0.36
	3.22
	53.05
	7.10
	40.22
	37.00
	10.09
	8.09
	3.92
	0.67
	-
	-
	-
	-

	AcBC
	100.92
	
	-
	-
	107.77
	7.53
	7.60
	40.77
	38.64
	5.22
	2.42
	2.01
	0.57
	6.11
	1.89
	1.76
	0.67


*BET experiments were conducted out gas temperature at 150 °C and measured using N2 adsorption with the Brunauer-Emmett-Teller (BET) method. 
**Pore surface area calculated using the t plot method. 
***External surface area calculated using the t plot method.
****Pore diameter calculated using D-H method.

Table 2 Characteristic parameters of monometallic system adsorption kinetic models
	Model
	Parameter
	      Unit
	        RBC
	       AcBC

	
	
	
	  Cu
	  Zn
	  Cu
	 Zn

	Experiment result
	Qe
	mg/g
	13.16
	 8.73
	16.96
	12.02

	PFO
	Qe,cal
	mg/g
	12.21
	 7.75
	14.87
	10.18

	
	K1
	min⁻¹
	0.02
	 0.02
	0.27
	0.24

	
	R2
	-
	0.8938
	 0.8922
	0.9069
	0.9036

	PSO
	Qe,cal
	mg/g
	13.01
	 8.35
	15.38
	10.56

	
	K2
	g·mg⁻¹·min⁻¹
	0.002
	 0.003
	0.02
	0.03

	
	R2
	-
	0.9334
	 0.9479
	0.9403
	0.9380

	WM
	kid
	mg.g⁻¹min⁻⁰·⁵
	3.46
	2.09
	9.52
	6.14

	
	n
	-
	0.19
	0.20
	0.08
	0.09

	
	C
	mg/g
	0.0000
	0.0000
	0.0000
	0.0005

	
	R2
	-
	0.9623
	0.9861
	0.9911
	0.9989

	Boyd 
	KB
	min-1
	0.0068
	0.0056
	0.0308
	0.0236

	
	R2
	-
	0.9312
	0.9273
	-0.0553
	-0.1363





Table 3 Characteristic parameters of simultaneous two-metal system adsorption kinetic models
	Model
	Parameter
	Unit
	RBC
	AcBC

	
	
	
	Cu
	Zn
	Cu
	Zn

	Experiment result
	Qe
	mg/g
	9.72
	4.96
	12.84
	7.99

	PFO
	Qe,cal
	mg/g
	9.25
	4.63
	11.96
	7.31

	
	K1
	min⁻¹
	0.02
	0.04
	0.04
	0.03

	
	R2
	-
	0.8814
	0.8406
	0.8145
	0.8387

	PSO
	Qe,cal
	mg/g
	9.64
	4.74
	12.14
	7.61

	
	K2
	g·mg⁻¹·min⁻¹
	0.005
	0.011
	0.020
	0.008

	
	R2
	-
	0.9303
	0.9156
	0.9264
	0.9185

	WM
	kid
	mg.g⁻¹min⁻⁰·⁵
	3.39
	2.05
	5.78
	2.79

	
	n
	-
	0.16
	0.13
	0.12
	0.15

	
	C
	mg/g
	0.0000
	0.0000
	0.0000
	0.0000

	
	R2
	-
	0.9574
	0.9747
	0.9689
	0.9805

	Boyd 
	KB
	min-1
	0.0112
	0.0150
	0.0175
	0.0103

	
	R2
	-
	0.9112
	0.7377
	0.8206
	0.8416



Table 4 Characteristic parameters of monometallic system adsorption isotherm models
	Model
	Parameter
	Unit
	RBC
	AcBC

	
	
	
	Cu
	Zn
	Cu
	Zn

	Langmuir
	Qe,cal
	mg/g
	16.77
	15.18
	34.75
	29.69

	
	KL
	L/mg
	0.21
	0.14
	0.17
	0.05

	
	R2
	-
	0.9461
	0.9022
	0.8119
	0.8805

	
	RL(C = 5 mg/L)
	-
	0.45
	0.57
	0.67
	0.90

	
	RL(C = 100 mg/L)
	-
	0.04
	0.07
	0.09
	0.32

	Freundlich
	Kf
	(mg/g)(L/mg
	5.51
	3.95
	11.29
	4.40

	
	n
	-
	3.93
	3.34
	3.81
	2.54

	
	R2
	-
	0.8592
	0.8507
	0.9445
	0.9739

	Temkin 
	A
	l/g
	3.35
	1.76
	77.41
	5.99

	
	B
	-
	2.97
	2.91
	3.56
	3.44

	
	R2
	-
	0.9141
	0.8932
	0.8507
	0.8932

	D-R
	QS
	mg/g
	15.04
	12.65
	30.24
	21.71

	
	Kdr
	mol2/Kj2
	0.0000
	0.0000
	0.0000
	0.0000

	
	R2
	-
	0.8313
	0.7631
	0.7012
	0.6884


Table 5 Characteristic parameters of simultaneous two-metal system adsorption isotherm models
	Model
	Parameter
	Unit
	RBC
	AcBC

	
	
	
	Cu
	Zn
	Cu
	Zn

	Langmuir
	Qe,cal
	mg/g
	15.18
	19.22
	29.69
	21.59

	
	KL
	L/mg
	0.13
	0.05
	0.05
	0.26

	
	R2
	-
	0.9022
	0.5940
	0.8805
	0.6371

	
	RL(C = 5 mg/L)
	-
	0.088
	0.80
	0.41
	0.72

	
	RL(C = 100 mg/L)
	-
	0.01
	0.19
	0.05
	0.13

	Freundlich
	Kf
	(mg/g)(L/mg
	3.95
	4.32
	4.40
	11.00

	
	n
	-
	3.34
	3.45
	2.54
	6.91

	
	R2
	-
	0.8507
	0.7983
	0.9739
	0.7200

	Temkin 
	A
	l/g
	1.76
	16.03
	5.99
	2171.73

	
	B
	-
	2.91
	1.95
	3.44
	1.63

	
	R2
	-
	0.8932
	0.6520
	0.8293
	0.6801

	D-R
	QS
	mg/g
	12.65
	13.62
	18.88
	19.75

	
	Kdr
	mol2/Kj2
	0.0000
	0.0000
	0.0000
	0.0000

	
	R2
	-
	0.7631
	0.2978
	0.6084
	0.6578




Table 6 Performance metrics of machine learning models for predicting adsorption capacity
	Model
	R2 train
	Root mean squared error (train)
	Mean squared error (train)
	R2 test
	Root mean squared error (test)
	Mean Squared Error (test)

	X
	0.9998
	0.0016
	0
	0.9263
	0.059
	0.0034

	E
	1
	0
	0
	0.9176
	0.0624
	0.0038

	G
	0.993
	0.0137
	0.0001
	0.9165
	0.0628
	0.0039

	R
	0.9884
	0.0177
	0.0003
	0.8951
	0.0704
	0.0049

	CAT
	0.9959
	0.0053
	0
	0.8726
	0.0776
	0.006

	LGB
	0.6596
	0.0963
	0.0092
	0.5635
	0.1436
	0.0206





Table 7 Estimation of AcBC Production Cost
	Process stage
	Operation step
	Cost estimation method
	Cost (USD/Kg)

	Raw material preparation
	Collection of raw material
	Free collection of coconut fiber from local farms
	0

	
	Natural drying
	Air drying
	0

	
	Labor cost for material preparation (sieving, preliminary washing, and drying)
	Labor rate (USD/h) × time (h): 0.5 × 1.0
	0.5

	RBC production
	Pyrolysis of coconut fiber
	Furnace power (kW) × operation time (h) × electricity cost (USD/kWh): 2.0 × 1.0 × 0.08
	0.16

	
	Washing
	Laboratory water and electricity cost for producing distilled water: 5.0 L DI water/kg biochar
	0.8

	
	Drying
	Oven power (kW) × operation time (h) × electricity cost (USD/kWh): 1.2 × 4.0 × 0.08
	0.38

	
	Labor cost
	Labor rate (USD/h) × time (h): 0.5 × 1.0
	0.5

	Modification (AcBC production)
	FeCl₃·6H₂O
	0,164 g × 10 USD/kg
	1.64

	
	FeSO₄·7H₂O
	0,336 g × 4 USD/kg
	1.34

	
	Magnetic stirring (24h)
	Stirrer power (kW) × operation time (h) × electricity cost (USD/kWh): 0.06 × 24 × 0.08
	1.15

	
	Drying
	Oven power (kW) × operation time (h) × electricity cost (USD/kWh): 1.2 × 4.0 × 0.08
	0.38

	             Subtotal (RBC production)
	2.34

	              Subtotal (AcBC production)
	6.85

	                         Overhead cost
	10% of base cost
	0.83

	Total estimated cost
	7.54




Table 8 Comparison of Treatment Efficiency and Production Cost between RBC and AcBC
	Material
	C₀ (mg/L)
	S/L ratio (g/L)
	Efficiency Cu/Zn
	(mg/L, Cu/Zn)
	Time (mins)
	Column A QCVN 40
	Cost (USD/m³)

	AcBC
	5
	1
	90% / 89%
	0.5 / 0.6
	5 (Cu)-30 (Zn)
	approved
	7.5

	RBC
	
	1
	89% / not approved
	0.3
	480
	approved (Cu)
	3.2

	AcBC
	20
	2 (Cu) – 2.5 (Zn)
	96% / 95%
	0.5 / 0.5
	120
	approved
	15 – 18.75

	RBC
	
	5 (Cu) – 5.5 (Zn)
	96% / 95%
	0.7 / 0.5
	240
	approved
	16 – 17.6



[bookmark: _GoBack]Table 9 Comparison of the Qe with  other magnetic biochar
	Reference
	Biomass origin
	Modification precusor
	Contaminant
	Qe (mg/g)

	[36]
	Straw
	FeSO4⋅7H2O, FeCl3⋅6H2O, NaOH
	Cu2+
	149.2

	[62]
	Commercial biochar
	FeSO4·7H2O, NaBH4
	
	66.16

	[63]
	Kelp
	FeCl3
	
	55.86

	
	Hijikia
	FeCl3
	
	47.75

	[34]
	Pinecone
	FeSO4.7H2O, MnSO4, NaOH
	
	13.4

	
	White popinac
	
	
	10.4

	
	Sugarcane bagasse
	
	
	19.8

	RBC
	Coconut fiber
	FeSO4⋅7H2O, FeCl3⋅6H2O, NaOH
	
	16.77

	AcBC
	
	
	
	34.75

	[63]
	Kelp
	FeCl3
	  Zn2+
	22.22

	
	Hijikia
	FeCl3
	
	19.13

	[64]
	Empty fruit branch
	FeCl3
	
	1.18

	RBC
	Coconut fiber
	FeSO4⋅7H2O, FeCl3⋅6H2O, NaOH
	
	15.18

	AcBC
	
	
	
	29.69
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