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1. Adsorption isotherms, kinetics and thermodynamic models followed
The Langmuir isotherm equation has the form demonstrated in Eq. S1.

								(S1)
                                                           							
Where, q is the adsorption capacity at equilibrium (g/g), qmax is the maximum adsorption capacity (g/g), KL is the Langmuir constant and Ce is the concentration of adsorbent in solution at equilibrium (g L-1). To determine the constants in the Langmuir adsorption isotherm equation, the linear form of the isotherm can be expressed as follows (Eq. S2) (Langmuir, 1918):        

							(S2)
                             

Building a graph of Ce/q dependence will determine the constants (KL, qmax) in the equation. The Langmuir equation may include errors when multilayer adsorption at low temperatures and when the surface of the adsorbent material is not uniform.
The Freundlich equation is empirical, taking into account the heterogeneity of the adsorbent surface, the distribution of active centers and their energy according to the exponential law. This is an equation that is quite commonly applied in practice. The equation is extended to low-concentration regions and is effectively used to describe adsorption equilibrium data in aqueous media. The equation has the following form (Eq. S3):
									(S3)
   								
Where, KF, and n are Freundlich constants characterizing the adsorption system. When the system has a large adsorption interaction force, n will have a larger value. Taking the logarithm of both sides of Eq. 4 could give the linear form of the isotherm as follows (Eq. S4) (Freundlich, 1906): 

								(S4)
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The n and KF values ​​were determined from the linear dependence of lnqe on lnCe. The Freundlich equation may not closely describe experimental data over a wide concentration range. 
The Radlich–Peterson adsorption isotherm contains three parameters and incorporates the features of Langmuir and Freundlich isotherms into a single equation. The linear form of the isotherm equation can be described as follows (Eq. S5) (Ho et al. 2006):

							(S5)

Where, KR (L g-1) and aR (L mg-1) were the Radlich–Peterson isotherm constants, and g was the exponent between 0 and 1. There were two limiting cases: Langmuir form for g = 1 and Henry’s law for g = 0.

The Temkin isotherm equation is often written in the following form: 
									(S6)

[bookmark: _Hlk151962560]The Dubinin–Radushkevich adsorption isotherm is another isotherm equation. It is assumed that the characteristic of the sorption curve is related to the porosity of the adsorbent. The linear form of the isotherm can be expressed as follows (S7) (Abdelwahab et al. 2007):

						(S7)
                    				
Where QD is the maximum sorption capacity (mol g-1), and BD is the Dubinin Radushkevich constant (mol2 kJ-2) (Dubinin et al. 1965).  

The first-order adsorption kinetics can be applied using the following equation:
The first-order kinetic equation has the form (Eq. S8) (Lagergren, 1898):

								(S8)
       									 
Where qe is the adsorption capacity at equilibrium (g g-1), qt is the adsorption capacity at a given time (g g-1), and k1 is the apparent first-order kinetic constant (min-1). Applying the conditions that t varies in the range 0 - t, q varies in the range 0 - q, (Eq. S9)
						(S9)
      							
The rate constant is determined by plotting log (qe – qt) against t for the experimental conditions performed.
The second-order kinetic equation has the form (Eq. S10) (Ho and McKay, 1999):
								(S10)
     									


Where k2 is the apparent second-order kinetic constant (g gmin), qe is the adsorption capacity at equilibrium (g g-1), qt is the adsorption capacity at a given time t (g g-1). Eq.11 can be rewritten as a straight line (Eq. S11):
									(S11)
							
The rate constant can be determined by plotting t/qt against t.

A thermodynamic analysis was performed at three different temperatures (25, 35 and 45oC). Thermodynamic parameters for the adsorption process including standard Gibbs energy (∆Go), standard enthalpy (∆Ho) and standard entropy (∆So), activation energy (Ea) were estimated using the following equations  (Smith and Van Ness, 1987) .  
    							(S12)
 								(S13)
								(S14)
									(S15)

In which, ∆Go is the standard Gibbs energy (kJ mol-1); R is the gas constant, 8.314 (J mol-1 K-1); T is the absolute temperature (K); ∆Ho is the standard enthalpy (kJ mol-1); ∆So is the standard entropy (kJ mol-1 K-1); Kd is the distribution coefficient; qe is the DO oil adsorption capacity at equilibrium (g g-1); Ce is the quantity of DO in the solution at equilibrium (g L-1); KL is Langmuir constant (L mol-1). The values ​​of ∆Ho and ∆So were calculated based on the relationship between ∆Go and T (K).
2. Tables

Table S1. The basic properties of DO
	Parameter
	DO 0,05S

	Sulphur content mg/kg, max
	500

	Cetane index, min
	46

	Distillation temperature at 90% recovered volume, oC max
	360

	Kinematic viscosity at 40oC, cSt, min – max
	2,0 – 4,5

	Water content mg/kg, max
	200

	Carbon residue of 10% distillation residue, % mass, max
	0,3

	Freezing point, oC, max
	6

	Ash content, % mass, max
	0,01

	Particulate impurities, mg/l, max
	10

	Corrodes copper pieces at 50oC for 3 hours, max
	type 1

	Density at 15oC, kg/m3, min – max
	820-860

	Lubricity, μm, max
	460

	Content of polycyclic aromatic substances (PAH), % mass, max
	–
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Figure S1. XRD pattern of AV-180-2
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 Figure S2. Determination of the point of zero charge (pHpzc) of AV-180-2 
[image: ]
Figure S3. FTIR of hydrochar AV-180-2 before (red line) and after (blue line) the adsorption process
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Figure S4. The relationship between ∆Go and T



Figure S5. Langmuir, Freundlich, Temkin and Dubinin- Radushkevich isotherms
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Figure S6. Pseudo-first-order (top) and pseudo-second-order (bottom) kinetic models for DO oil adsorption
Langmuir Isotherm

y = 0.0306x + 3.3466
R² = 0.8946

38.979999999999997	26.135999999999999	28.095999999999997	23.76	19.655999999999999	21.487999999999996	12.780000000000005	4.4315597999090492	4.2027063960955564	4.2590264524701045	4.1389239538440155	3.9758727272727272	4.0509099697885196	3.6001214028776984	Ce (g/l)


Ce/q (g/g)



Freundlich Isotherm

y = 0.8106x - 0.8118
R² = 0.9986

3.6630486940794098	3.263313674298769	3.3356272174527062	3.1680034944944442	2.9783826352188778	3.0674946397808815	2.5478814489493891	2.1742970726925148	1.8275849765103571	1.8865866155729216	1.747567654971288	1.5981383571801668	1.6685531000016809	1.2669138810343503	ln (Ce)


ln (q)



Temkin Isotherm

y = 4.6172x - 8.6482
R² = 0.9581

3.6630486940794098	3.263313674298769	3.3356272174527062	3.1680034944944442	2.9783826352188778	3.0674946397808815	2.5478814489493891	8.7959999999999994	6.2188498402555901	6.5968127490039841	5.7406225059856348	4.9438202247191008	5.3044871794871788	3.5498802873104558	ln(Ce)


q (g/g)



Dubinin- Radushkevich Isotherm

y = -2E-06x + 2.0968
R² = 0.9367

30245.271348057209	87618.71004494885	37786.909766448851	49352.12502178039	51359.791737663247	102963.14821284328	51209.682416376803	2.0407453332392538	1.8812045295799817	2.0245618716610578	1.9841713930998714	1.9637074198849478	1.8849062772191272	1.9707029447582352	ε2


ln (Qe)
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