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Abstract. For the first time, the fundamental energetic characteristics of 

hydrogen sulfide (H₂S) adsorption on an activated carbon sorbent derived from 

the wood of the hybrid form Paulownia tomentosa were determined using 

adsorption microcalorimetry. The differential values of Gibbs free energy were 

calculated. It was established that the concentration of active sites for hydrogen 

sulfide on the activated carbon adsorbent derived from the bark of Paulownia 

tomentosa is ~0.35 mmol/g. It was proven that, in general, hydrogen sulfide 

molecules form 4H₂S/adsorbent complexes on the activated carbon adsorbent 

derived from the bark of Paulownia tomentosa. 
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INTRODUCTION 

Interest in wood-based activated carbons (ACs) arises from the 

combination of abundant raw material availability- including sawdust, wood 

chips, and bark residues - high technological flexibility, as well as the ability to 

“tune” pore texture and surface groups toward specific contaminants. Recent 

reviews show that the initial wood anatomy, the cellulose–hemicellulose–lignin 

ratio, and mineral impurities significantly affect pore size distribution 

(micro/meso/macro), framework stability, and the composition of oxygen-

containing surface groups - key factors that determine adsorption capacity and 

selectivity [1]. 
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A typical production scheme includes carbonization/pyrolysis of wood at 

400–700 °C under an inert atmosphere, resulting in the formation of primary 

microporosity, followed by activation, either physical or chemical. In physical 

activation, steam or CO₂ at 750–950 °C is used to enlarge and open pores; in 

chemical activation, reagents such as H₃PO₄ or KOH (less commonly ZnCl₂ and 

others) enable the development of microporosity or mesoporosity and 

functionalized surfaces at lower temperatures [2–6]. 

Alkaline activation (KOH) produces predominantly microporous textures 

(pores <2 nm) through interlayer potassium intercalation and 

reduction/gasification reactions of carbon upon heating, yielding K₂CO₃, K₂O, 

and CO/CO₂. Subsequent leaching removes inorganic phases, “etching” the 

carbon matrix and leaving a developed micropore network. This scheme 

typically gives SBET values of 1500–2500 m²/g or more and high selectivity 

toward small gas molecules [6–8].  

For water purification, adsorption of dyes, phenols, pesticides, and 

pharmaceutical micropollutants by wood-based ACs is usually well described by 

Langmuir/Freundlich isotherms, while kinetics follow the pseudo-second-order 

model; the diffusion contribution is parameterized by the Weber–Morris 

intraparticle diffusion model. For gas-phase applications (CO₂, H₂S, VOCs), 

microporous ACs (especially KOH-activated) show high capacities and 

selectivity; for H₂S, impregnated ACs and composites with metal oxides are 

most effective [9-12].  

Life cycle assessment (LCA) and techno-economic analysis (TEA) studies 

indicate that biomass-derived feedstocks (including wood) can reduce the 

carbon footprint compared to coal- and peat-based ACs. However, final 

indicators are sensitive to activation energy regimes, energy sources, and 

management of side streams (e.g., filtrates after chemical activation). Estimates 

suggest a wide cost range (on the order of a few USD/kg) and highlight the 

importance of scale-up, heat recovery, and reagent recycling [13-16]. 

RESEARCH METHODS 

 In this study, a universal high-vacuum adsorption apparatus equipped 

with a Tian–Calvet type differential microcalorimeter (DAC-1-1A) was used.  

The unit allows adsorbate dosing by both gas-volume and volume-liquid 

methods. The principle of operation of the adsorption-calorimetric device used 

in this work is presented in the works of the authors [15-19]. 

RESULTS AND DISCUSSION. This article presents the results of a study 

on the variation of Gibbs free energy and the adsorption mechanism of 

hydrogen sulfide on an activated carbon adsorbent derived from the bark of 

Paulownia tomentosa at 303 K [20]. 
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Table 1 summarizes the experimental data on the amount of adsorbed 

hydrogen sulfide, the equilibrium pressure, as well as the theoretically 

calculated values of Gibbs free energy. It should be emphasized that, due to the 

high saturation pressure of hydrogen sulfide at the experimental temperature 

(303 K), equal to 17,932 torr, the adsorption characteristics were determined 

only up to a relative pressure of P/Ps = 0.033 (Table 1). 

The Gibbs free energy was calculated as the work done during the change 

in gas volume at constant temperature, i.e., from the free energy, using the 

following equation: 

G=-A=-RTln(P/Ps)=RTln(Ps/P)   (1) 

where R is the universal gas constant, T is the experimental temperature, 

and Pₛ=17932 torr. 

   Table 1. Dependence of Gibbs free energy on the amount of adsorption. 

№ a, 

m

mol/g 

P

, 

t

orr 

P/

Ps 

Δ

G, 

k

J/mol 

№ a

, 

m

mol/g 

P

, 

t

orr 

P

/Ps 

Δ

G, 

k

J/mol 

1.  0,

03 

0

,8 

0,

00004 

2

5,4 

1

0. 

0

,66 

2

40,3 

0

,0134 

1

0,9 

2.  0,

08 

3

,1 

0,

00017 

2

1,9 

1

1. 

0

,74 

2

51,1 

0

,0140 

1

0,8 

3.  0,

13 

9

,5 

0,

00053 

1

9,0 

1

2. 

0

,84 

3

11,1 

0

,0174 

1

0,2 

4.  0,

18 

2

5,0 

0,

00140 

1

6,56 

1

3. 

0

,90 

3

70,0 

0

,0206 

9

,8 

5.  0,

25 

5

1,4 

0,

00287 

1

4,7 

1

4. 

1

,02 

4

21,9 

0

,0235 

9

,4 

6.  0,

34 

9

8,7 

0,

00550 

1

3,1 

1

5. 

1

,10 

4

63,6 

0

,0259 

9

,2 

7.  0,

42 

1

34,1 

0,

00748 

1

2,3 

1

6. 

1

,21 

5

05,0 

0

,0282 

9

,0 

8.  0,

49 

1

75,6 

0,

00979 

1

1,7 

1

7. 

1

,32 

5

46,0 

0

,0305 

8

,8 

9.  0,

58 

2

25,1 

0,

01255 

1

1,0 

1

8. 

1

,43 

5

87,7 

0

,0328 

8

,6 

 



“FORMATION OF PSYCHOLOGY AND  PEDAGOGY AS  

INTERDISCIPLINARY SCIENCES”  
 

[7] 
 

 

 

Figure 1 presents the dependence of Gibbs free energy variation on the 

adsorption amount of hydrogen sulfide on the activated carbon adsorbent 

derived from the bark of Paulownia tomentosa.  

 

Fig.1. Gibbs free energy versus adsorption amount of H₂S on the activated 

carbon sorbent from Paulownia tomentosa. 

The Gibbs free energy values indicate that the sorption process 

corresponds to physical adsorption. At an adsorption amount of 0.02 mmol/g, 

the change in Gibbs free energy is ~25.5 kJ/mol. With the progressive filling of 

the sorption pore volume by hydrogen sulfide molecules, Gibbs free energy 

decreases sharply and reaches 13 kJ/mol at an adsorption amount of 0.34 

mmol/g. As the sorption volume approaches saturation, Gibbs free energy 

decreases linearly to 11 kJ/mol at 0.68 mmol/g adsorption, forming a step-like 

change. Up to ~1 mmol/g adsorption, a second linear decrease occurs down to 

9.4 kJ/mol, followed by a partial bending, and at 1.43 mmol/g adsorption a third 

linear decrease is observed, reaching 8.6 kJ/mol, at which point the sorption 

process terminates.  

The adsorption amount corresponding to each linear or step-like transition 

is ~0.35 mmol/g. This value reflects the concentration of active sites for 

hydrogen sulfide on the activated carbon adsorbent derived from Paulownia 

tomentosa bark, which equals ~0.35 mmol/g. Thus, on the activated carbon 

adsorbent derived from the bark of Paulownia tomentosa, hydrogen sulfide 

molecules form a 4H₂S/adsorbent complex. 

CONCLUSION. In conclusion, adsorption–calorimetric studies 

demonstrated that hydrogen sulfide adsorption on the activated carbon 

adsorbent derived from the bark of Paulownia tomentosa is characterized by 
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distinct linear and stepwise changes in Gibbs free energy. These variations 

indicate that the concentration of active sites with respect to hydrogen sulfide 

molecules is ~0.35 mmol/g. Furthermore, the results suggest that, in general, 

hydrogen sulfide molecules form 4H₂S/adsorbent complexes on this 

carbonaceous sorbent. 
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