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Mechanism of ZnO Formation in ZnO@AC Composite
During the impregnation of DPS with a zinc chloride (ZnCl2) solution (, ZnCl2 is adsorbed onto the surface of the carbon precursor. As the temperature increases (up to the melting temperature of ZnCl2) during pyrolysis, ZnCl2 acts as a dehydrating agent and removes hydrogen (H) and oxygen (O) atoms from the surface functional groups of the carbon material. This reaction releases water vapor (H2O) as a byproduct. The released H2O then reacts with ZnCl2 to form zinc oxide chloride hydrate (Zn2OCl2.2H2O), through Eq. S.1 as reported by (Ma 2017). At the high pyrolysis temperature, this intermediate compound decomposes through Eq. S.2 (Ma 2017), releasing ZnCl2 gas and forming ZnO particles. The volatile gas diffuses within the porous structure of the carbonaceous material. This diffusion process contributes to developing additional porosity within the carbon material. Finally, the ZnO particles formed during the decomposition remain embedded within the carbon matrix, resulting in the ZnO@AC composite.
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Fig. S1. Schematic representation of ZnO@DPS-AC composite preparation.
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Fig. S2. (a) Kinetics modeling, and (b) Isotherm modeling of  MO removal by ZnO@DPS-AC composite.
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Fig. S3. Linear fitting of Intra-Particle Diffusion model.

Table S1. Kinetic and isotherm models used in this study.
	Model
	Equation
	Eq.
	Parameters
	Referance

	Pseudo-First-Order (PFO)
	
	(S.3)
	qe, qt (mg/g): adsorption capacity of MO at equilibrium and at time t, respectively. k1 (1/min): Rate constant of Pseudo-First-Order.
	(Lagergren 1898)

	Pseudo-Second-Order (PSO)
	
	(S.4)
	k2 (g /mg.min): Pseudo-Second-Order rate constant. 
	(Blanchard et al. 1984)

	Avrami
	
	(S.5)
	kAV (1/min): Avrami kinetic constant. nAV: Fractional adsorption order of Avarmi.
	(Avrami 1939)

	Elovich
	

	(S.6)
	β related to the extent of surface coverage. 
α (mg/g.min): Initial adsorption rate. 
	(Roginsky &Zeldovich 1934)


	Intra-Particle Diffusion (IPD)
	
	(S.7)
	kIPD (mg/ [g. min0.5]): Intraparticle diffusion rate constant. C (mg/g): Constant related to the thickness of the boundary layer.
	(Weber Jr &Morris 1963)

	Langmuir
	
	(S.8)
	qm (mg/g): The maximum saturated monolayer adsorption capacity of PDS-AC adsorbent. KL (L/mg): The ratio of the adsorption rate and desorption rate. 
Ce (mg/L): Concentration of MO at equilibrium.
	(Langmuir 1918)

	Freundlich
	
	(S.9)
	KF (mg/g)/(mg/L)-1/n : Freundlich constant.
n: Freundlich intensity parameter.
	(Freundlich 1907)



Table S2. The typical properties of ZnO@DPS-AC.
	Property
	ZnO@DPS-AC

	Ash content (%)
	65.33

	Moisture Content (%)
	2.42

	Carbonization Yield (%)
	42.11

	Bulk density (g/L)
	508.61




Table S3. Physical and chemical parameters of ENICAB discharged wastewater before and after ZnO@DPS-AC application.
	Parameter
	Initial value
	After adsorption
	Standard 1

	Conductivity (µs/cm)
	1272
	872
	2800

	TDS (mg/L)
	660
	430
	1400

	TH (mg/L)
	410
	168
	500

	TAC (mg/L)
	400
	200
	65

	Dry residue (mg/L)
	1400
	500
	2000

	Turbidity (NTU)
	840
	0
	5

	SS (mg/L)
	10
	0
	30

	BOD (mg/L)
	12
	0.02
	30

	Salinity (%)
	0.6
	0.3
	-

	Ca2+    (mg/L)
	64
	33
	200

	Mg2+ (mg/L)
	61
	21
	150

	NO2- (mg/L)
	0.48
	0.02
	0.2

	NH4+ (mg/L)
	0.8
	0.01
	0.5

	HCO3-(mg/L)
	410
	205
	518.6

	 Cl - (mg/L)
	165
	78
	500

	SO42- (mg/L)
	107
	50
	400

	NO3- (mg/L)
	104
	16
	50

	Fe2+ (mg/L)
	5.44
	0.02
	0.3

	PO43- (mg/L)
	3.16
	0.01
	15

	F- (mg/L)
	2.56
	0
	1.5

	Na+ (mg/L)
	87
	30
	200

	K+ (mg/L)
	8
	0.2
	12

	NH2Cl (mg/L)
	0.25
	0.01
	-

	Mn (mg/L)
	0.12
	0.06
	0.05

	Br - (mg/L)
	0.58
	0
	-

	Cu2+ (mg/L)
	0.5
	0
	2

	NH3 (mg/L)
	0.17
	0.03
	-

	pH 
	8.9
	8.09
	6.5-9


1 According to Algerian standards published in the Official Journal of the People's Democratic Republic of Algeria  (2012, 2014).
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