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Table S1 Physical and chemical properties of CB-PAC
	Physical properties
	Values

	Particle Size (min. 90%)
	200 mesh

	Iodine number (mg/g)
	> 900

	Surface area (m2/g)
	900 - 950

	Apparent density (kg/m3)
	500

	Volumetric density (kg/m3)
	~250 - 550

	Humidity (%)
	< 5

	pH
	8-10

	Ash content (%)
	< 18

	Vapor pressure
	1 mm Hg @ 3586°C

	Melting/Freezing point
	3652°C



1. Adsorption kinetics
Three main factors are crucial in the adsorption process. The first is the removal efficiency percent (Ads. %). The second is the symbol qt (mg/g), which is the adsorption capacity. Finally, the equilibrium adsorption capacity is qe (mg/g) (Makrygianni et al. 2019). They have the following relationship:
 
)                    
 
Where Co, Ct, Ce, m, and V represent the initial adsorbate concentration (mg/L), the current adsorbate concentration (mg/L), the adsorbate's equilibrium concentration (mg/L), the adsorbent quantity (g), and the leachate volume (L), respectively.
Adsorption kinetics is required to establish the factors controlling the adsorption rate. The kinetics of adsorption data are explored by utilizing equivalence relations. Formulas such as pseudo-first-order (PFO) (Lagergren 1898), pseudo-second-order (PSO) (Ho and McKay 1999), and intraparticle diffusion (ID) models (Weber and Morris 1963) are commonly used in adsorption processes that occur in a solution environment.
1.1. Pseudo-first-order (PFO) kinetics
[bookmark: _GoBack]Lagergren developed this type of kinetics for rapid adsorption processes. Lagergren's linearized equation is illustrated in Eq. (S4).
 
Equilibrium adsorption capacity (mg/g), quantity adsorbed on the surface at any given time (mg/g), rate constant (1/min), and time (min), respectively, are denoted by the symbols qe, qt, k1, and t.
Plotting ln (qe-qt) vs. time yields a line with a negative slope. When the line crosses the ordinate, qe is determined, and k1 is calculated using the line's slope. 
1.2. Pseudo-second-order (PSO) kinetics
Ho and McKay created this model to describe how adsorbent capacity changes over time. This linearized model is shown in Eq. (S5).
 
The rate constant for PSO is k2 (g/mg min). When plotting t/qt values vs. time, the qe is defined by the slope of the line, and the k2 value is determined by where the line intersects the ordinate. 
1.3. Intraparticle diffusion (ID) model kinetics
The ID model is used when the PFO and PSO equations fail to explain the kinetic data. This linearized model is shown in Eq. (S6).
 
The symbols kid, t1/2, qt, and C denote, respectively, the ID constant (mg/g.min1/2), time (min)(1/2), quantity of material adsorbed in t time (mg/g), and boundary layer thickness.
The border layer thickness directly relates to the C value's magnitude. When plotting t1/2 values against qt values, the kid is obtained by the slope of the line, and the constant C is obtained at the point where the line intersects the ordinate (McKay et al. 1980).
1.4. Thermodynamic Parameters
At four various temperatures, the thermodynamics of turbidity, NH3-N, and COD removal from leachate using CB-PAC were studied: 293, 303, 313, and 323 K. Standard Gibbs energy (∆G°), entropy (∆S°), and enthalpy (∆H°) variations were calculated using Eq. (S7-S9).
                                                                                                    (S7)
                                                                                      (S8)
Eq. (S9) was used to determine   values.
                                                                                                                (S9)
The symbols T, R, and Fe, respectively, stand for the following quantities: temperature (K), gas constant, and the ratios of turbidity, NH3-N, and COD adsorbed after 40 minutes.
2. Adsorption kinetics, equilibrium isotherms, and thermodynamic parameters
The adsorption kinetics of COD, NH3-N, and turbidity for CB-PAC particles were modelled using PFO, PSO, and ID kinetics, and the graphs of these models are presented in Fig. S1. Table S2 lists the adsorption rate constants for turbidity, NH3-N, and COD adsorption.
Table S2 Coefficients of determination and reaction rate constants for the kinetics of the adsorption of turbidity, NH3-N, and COD
	COD

	PFO
	
	PSO
	
	ID model

	    k1
(1/min.)
	    qe (mg/g)
	   R2
	
	       k2 
(g/mg.min)
	  qe (mg/g)
	  R2
	
	     kid 
(mg/g.min1/2)
	C
	R2

	0.063
	  78.9
	0.978
	
	  0.0011
	  99
	 0.950
	
	     13.1
	3.97
	0.992

	NH3-N

	     k1 
(1/min.)
	   qe (mg/g)
	  R2
	
	      k2 (g/mg.min)
	   qe (mg/g)
	  R2
	
	      kid 
(mg/g.min1/2)
	C
	R2

	0.055
	 8.02
	0.994
	
	  0.00899
	10.32
	 0.963
	
	     1.36
	0.099
	0.996

	Turbidity

	    k1 
(1/min.)
	    qe (mg/g)
	  R2
	
	      k2 
(g/mg.min)
	   qe (mg/g)
	  R2
	
	      kid 
(mg/g.min1/2)
	C
	R2

	0.084
	  5.25
	0.995
	
	   0.013
	  6.65
	0.988
	
	    0.878
	0.016
	0.959



The use of CB-PAC for COD removal from leachate matched the ID model due to the strong correlation (R2 0.992) value. NH3-N and turbidity removal kinetics fit PSO and ID equations due to their strong correlation values (R2 0.996 and R2 0.988). 


Figure S1. Adsorption kinetics of turbidity, NH3-N, and COD disposal from leachate using CB-PAC, Langmuir isotherms, and (1/T) values vs. Ln (Kc) graphs (COD: 1047 mg-O2/L, NH3-N: 204 mg/L, turbidity: 57 NTU (71.25 mg ((NH2)2H2SO4/L), PAC: 5 g/L, mixing speed: 300 rpm, pH: 8.35, and T 20°C).
Adsorption assays were conducted at temperatures ranging from 20°C to 50°C in order to calculate the standard free enthalpy (∆H°), entropy (∆S°), and Gibbs (∆G°) energy values of adsorption processes. 
Table S3 ∆G°, ∆H° and ∆S° values of COD, NH3-N and turbidity removal from leachate. 
	∆H° (kj/mol)
	    ∆S° (kj/mol.K)
	                               COD
                         ∆G° (kj/mol)

	5.560
	0.016
	293 K
	308 K
	313 K
	 323 K

	
	
	0.809
	0.712
	         0.552
	 0.372

	∆H° (kj/mol)
	    ∆S° (kj/mol.K)
	                            NH3-N
                         ∆G° (kj/mol)

	7.440
	0,0148
	293 K
	308 K
	 313 K
	 323 K 

	
	
	3.303
	2.955
	 2.807       
	 2.659

	∆H° (kj/mol)
	    ∆S° (kj/mol.K)
	                            Turbidity
                         ∆G° (kj/mol)

	11.319
	0.0370
	293 K
	308 K
	313 K
	  323 K

	
	
	0.478
	0.108
	-0.262
	 -0.632



The leachate had COD, NH3-N, and turbidity values of 1044 mg O2/L, 204 mg/L, and 57 NTU (71.25 mg (NH2)2H2SO4/L), respectively. The fact that the equilibrium Kc distribution coefficients of turbidity, NH3-N, and COD rise with temperature provides evidence for the endothermic character of the adsorption. 
The ∆H°, ∆S°, and ∆G° data of the adsorption process after turbidity, NH3-N, and COD removal were calculated using a graph of Ln (Kc) values versus (1/T) values, which is illustrated in Fig. S1 (m, n, and o). The thermodynamic parameter values for the turbidity, NH3-N, and COD parameters were tabulated in Table S3. The adsorption is endothermic since the COD, turbidity, and NH3-N parameters displayed in Table S3 all have positive ∆H° values. The positive ∆S° values in Table S3 suggest that the irregularity of the CB-PAC particles increased after COD, NH3-N, and turbidity pollutants were adsorbed on their surface. Besides that, the positive ∆G° values imply that COD, NH3-N, and turbidity adsorption cannot occur naturally.
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