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S1 - Detailed experimental description of the activation process for sample preparation


The activated carbons were obtained from crude glycerol, from a Portuguese industry, were prepared in two steps: acid carbonization of crude glycerol (82%, Iberol) in the presence of concentrated sulfuric acid (95-97%, Sigma-Aldrich) via hydrothermal carbonization, in the proportion of 1:0.5 (glycerin:concentrated sulfuric acid). The glycerin:H2SO4 mixture was added to an autoclave and the carbonization was carried out in an oven (Medline Scientific Limited, ON-02G) for 6 hours at a controlled temperature of 180°C. The carbonized materials (the char) so obtained were washed with distilled water until neutral pH, and dried at 100 °C. A fraction of the carbonized with particles smaller than 0.297 mm in diameter was chemically activated with CH3COOK (Aldrich, 99%) in proportions of 1:1; 1:0.75 and 1:0.5 (mchar:activating agent). This was carried out with the appropriate amount of activating agent dissolved in 10 mL of water and left under magnetic stirring at room temperature for 2 hours, after which the final product was dried at 100 °C until complete evaporation. Activation took place in an oven (Thermolyne, 21100) in a nitrogen atmosphere (flow of 5 cm3 s-1), with a temperature ramp of 10 °C/minute until 700 °C, where it remained for one hour. After activation, the carbon was washed with hot distilled water at room temperature until the pH was approximately neutral and characterized. The samples were identified by the mass ratio of char:activating agent, so the samples were labeled G@1, G@0.75 and G@0.5.
S2 – Detailed methodologies for the characterization of the samples

Nitrogen adsorption measurements were carried out at -196 °C on automatic equipment (NOVA 2200e, Quantachrome).). Before the adsorption tests, the samples were degassed in order to remove the gases or vapors that were adsorbed on the surface of the activated carbons. The samples (~50 mg) were previously subjected to heat treatment for 16 hours at 120 °C under a vacuum better than 10-2 Pa. After the heat treatment, the samples were weighed, thus determining the mass of the clean solid, in relation to which the adsorbed amounts were expressed. Specific surface areas were obtained according to the BET equation in its linear region, between relative pressures from 0.05 to 0.15. The microporous volume was determined using a transformation of the adsorption isotherm values, according to the αs metho (Rouquerol et al. 2014),(Pires et al. 2021). The isotherm is plotted in a reduced form (αs) as a function of the relative pressure, and the microporous volume is obtained from the extrapolation of the linear section of the corresponding graph (Rouquerol et al. 2014) (Pires et al. 2021). The microporosity was analyzed by the αs method, taking as reference the isotherm reported elsewhere (Rodriguez-Reinoso et al 1987). In this way it was possible to quantify the total micropore (Vα TOTAL), ultra (Vα ULTRA), and supermicropore (Vα SUPER) volumes – Table S2. This methodology allows the evaluation of the total micropore volume, Vα TOTAL, from the back extrapolation of the high relative pressure region of the αs plots (αs ≥ 1). The volume of ultramicropores, width < 0.7 nm, was calculated from the intercept of the linear range defined by points determined between the relative pressures of 0.02 and 0.4. The supermicropores volumes, 0.7 nm < width < 2.0 nm, were determined by the difference Vα TOTAL − Vα ULTRA. Additionally, pore size distributions were estimated by NLDFT (non-local density functional theory) model, using a kernel based on a cylindrical pore model provided by NovaWin version 10.0 software.
Table S2. Microporous volumes from (s method. The contributions of the pores with withs between 0.7 and 2 nm (supermicropores) - Vα SUPER and with widths < 0.7 nm  (ultramicropores) - Vα ULTRA for the total microporous volume (Vα TOTAL) are indicated.
	Sample
	(s method

	
	V( TOTAL
(cm3g-1)
	V(ULTRA
(cm3g-1)
	V( SUPER
(cm3g-1)

	AC_ratio_1:0.5
	0.06
	0.05
	0.01

	AC_ratio_1:0.75
	0.25
	0.22
	0.03

	AC_ratio_1:1
	0.42
	0.32
	0.10


The apparent density of the materials was determined using a methodology adapted from the literature (ASTM International 2009). For this, a graduated cylinder with a lid was filled with approximately 1 mL of the materials, being tapped with a rubber pad for a few minutes until no more sedimentation was observed, finally recording the final mass of the sample and the volume after sedimentation. Density is calculated by dividing the mass value by the volume and the density values shown correspond to the average value of at least three tests.

Chemical analysis of was performed on a CHNS analyzer (Thermofinnigan Flash, EA 1112). The oxygen content was calculated by the difference between the total percentage (100%) and the sum of the percentage (% by weight) of carbon, hydrogen and sulfur.

The chemical surface of the samples was also characterized by reverse mass titration to determine the pH at zero charge point (pHPZC). This was measured (Metrohm 744 pH Meter, with Symphony semi-electrode, SP70P) using an adaptation of a method described in the literature (Reymond and Kolenda 1999). Ultra-pure water (Milli-Q) was boiled and degassed with nitrogen to prevent the presence of CO2. 100 mg of the sample to be characterized was placed in a vial, 10% by mass was placed in water, and the solution was bubbled with nitrogen and capped. The solution was left stirring overnight, when the pH was measured. This test was repeated for another 3 days with different percentages by weight: 8, 6 and 4%.

Fourier-transform infrared spectroscopy (FTIR) were obtained on a Nicolet 6700 FT-IR Fourier transform spectrometer. The samples were homogenized in KBr at a ratio of approximately 1:100 (mcarbon:mKBr), the mixture was pressed and the resulting pellet was dried at 100 ºC for 12 hours and then analyzed (64 scan, 4 cm-1 resolution).

X-ray diffractograms were obtained on a Pan Analytical diffractometer, model PW3050/60X'Pert PRO, at 40 kV and 30 mA with CuKα radiation (λ =0.15406 Å).

Thermogravimetric data was obtained in a microbalance (TG-DSC 111 from Setaram) under air flow, from 25 to 700 ºC with a ramp of 5 ºC/min and the results are exemplified for the sample AC_ratio_1:0.5 in Figure S9.
S3 – X-ray diffraction

[image: image1]
Figure S3. X-ray diffractograms for the char and the activated carbons. The diffractions from the (002) and (001) plans can be attributed to the disorder graphite near 25 and 43 = 2(º
S4 – FTIR spectroscopy
[image: image2]
Figure S4. FTIR spectra for the char and the activated carbons obtained using various char:activating agent ratios
S5 – Regeneration of materials

[image: image3]
Figure S5. Regeneration and re-use of the materials – example for the adsorption of CO2 in the AC_ratio_1:0.75 activated carbon. Between runs, the samples were regenerated at 150 ºC in vacuum. The CO2 adsorbed amounts are presented for the initial sample and after the first and second re-uses.
S6 – Values of Selectivity from the literature for the CO2/CH4 system

Table S6. Literature values of selectivity for the CO2/CH4 system, obtained in experimental conditions comparable to the present work (temperature of 25 ºC and pressures up to 300 kPa) and similar methodologies of calculation. CO2 adsorbed amounts are indicated also.
	Selectivity values
	CO2 adsorbed (mmol g-1) at 298 K and 200 kPa (or at the indicated conditions)
	Type of activated carbons
	Reference

	1.9 to 7.4
	1.78 at 60 kPa
	Commercial and coconut shell microwave activated
	(Ning et al. 2012)

	3.5
	2.5 
	Commercial
	(Buss 1995)

	3
	2.8 
	Resorcinol-formaldehyde-xerogel
	(Awadallah-F et al. 2017)

	7 to 8.5
	3.5 
	Biomass-derived carbons
	(Greco et al. 2022)

	3.5 to 4.7
	1.75 at 100 kPa
	Iron oxide impregnated activated carbon
	(Mukti et al. 2021)

	3.8 to 4.2
	2.75 at 100 kPa
	Biomass (cherry stones) based activated carbons
	(Mukti et al. 2021)

	1 to 4.5
	1 to 2 
	Commercial activated carbons (various oxidation degrees)
	(Peredo-Mancilla et al. 2019)

	---
	5 at 273 K and100 kPa
	Biomass (olive stones)
	(Moussa et al.

2018)

	2 to 10.6
	3.6
	Glycerol-derived
	This study


S7 – Method for the calculation of Selectivity values

The selectivity for the CO2/CH4 adsorption was estimated from the Ideal Adsorbed Solution Theory (IAST) developed by Myers and Prausnitz (Myers and Prausnitz 1965). This theory was developed on the solution thermodynamics and so do not depend on any model of adsorption (Do 1998). The selectivity coefficient [image: image5.png]


 is defined by  [image: image7.png]


 (Myers and Prausnitz 1965) where xi  (or xj) is the mole fraction of component i (or j) in the adsorbed phase and yi (or yj) is the mole fraction of i (or j) in the gas phase. A Python package of software was used to make IAST calculations and predict mixed-gas adsorption isotherms from the pure component adsorption isotherms and to obtain the [image: image9.png]


 values (Simon et al. 2016). In the definition of [image: image11.png]


 the component i is the more strongly adsorbed making the [image: image13.png]


 values defined in this way higher than 1.

S7 - Equilibrium gas and adsorbed phase compositions
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Figure S7. Equilibrium gas and adsorbed phase compositions for:

a) AC_ratio_1:0.5 b) AC_ratio_1:0.75 and c) AC_ratio_1:1.

S8 – Thermogravimetric data 

[image: image17]
Figure S8. Mass loss in function of the Temperature taking as example the activated carbon obtained using the char:activating agent ratio of 0.5, that is, the sample AC_ratio_1:0.5. It can be seen that, after an initial mass loss up to the temperature of 130 ºC, which is bue to the lost of humidity, the material is stable until temperatures near 300 ºC and starts to decompose at a significative rate after the 400 ºC.
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