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Scheme S1. Pectin isolation scheme for fruit/vegetable dry pulp 



Figure S1. Hydrolysis of beet/apple pulp in 2 liters of 1.5 % aqueous solution of citric 

acid at 60 °C for 72 

The soluble part of the extract was cooled and separated from the pulp, consisting 

mainly of cellulose, by sedimentation and filtration in vacuum using a Schott funnel and a 

Bunsen flask using a filter made of cotton towels. The filtrate (1.5 l) was evaporated to 200 ml 

by boiling on an electric stove in a heat-resistant glass beaker. 300 ml of 96.6 % ethanol was 

added to 200 ml of the cooled concentrated extract for pectin sedimentation (Figure 4). 

(а)       (b) 

Figure S2. Extract concentration by a) by evaporation; b) - gelation/precipitation of pectin 

using ethanol 

The resulting gel-like suspension was transferred in portions to 50 ml conical Eppendorf 

tubes and centrifuged for 15 minutes at 7000 rpm using a centrifuge (Eppendorf ® Centrifuge 

5804), thermostatically controlled at -4 °C (Figure S3). The eluent was decanted and the pectin 

precipitate was washed with 70 % ethanol solution 3 times 50 ml by 

resuspending/centrifugation (Figure S4). After air drying (Figure S5), in a drying cabinet at 60 

°C to a constant weight, the mass of the isolated native pectin was 15.8 g (yield - 10.5 %). 



Figure S3. Centrifugation of pectin into centrifuges (Eppendorf ® Centrifuge 5804) for 15 

min at 7000 rpm at - 4 ºC followed by decantation of alcohol eluent 

Figure S4. Washing of centrifuged pectin with 70 % ethanol (3 times) by 

resuspension/centrifugation 

Figure S5. Feedstock (sugar beet/apple pulp) and isolated pectin, dried in air to a constant 

weight 



Figure S6. Appearance of a freshly obtained sample of spherified pectin on a filter in a 

Buchner funnel 

The spherical pectin hydrogel granules were kept at 4-5 °C for 12 hours in the same 

solution. Excess of CaCl2 was washed with portions of distilled water 100 ml × (3-5) times on 

a sieve (1 mm), kept in 500 ml of distilled water for at least 12 hours at 4-5 °C and filtered. 

The mass of the formed spherified pectin hydrogel granules was about 54.6 g. 

Empirically, it was found that the optimal contact time (about 12 hours) of pectin 

hydrogel granules with a solution of calcium chloride leads to the formation of a strong but 

plastic shell of calcium pectate, but not to complete/through calcination of pectin granules. 

Carbonization/steam-gas activation of the RH was carried out at 475 °C in a rotating 

steel reactor in a pre-assembled installation equipped with a water supply capillary, a 

thermocouple, the temperature rise to 475 °C was maintained at a rate of 11 °C/min; The water 

supply rate was set at 100 ml/hour using a peristaltic pump. The yield of the resulting CRH-

475 was 38 %. 

In previous studies, it was shown that in order to convert insoluble calcium and 

magnesium silicates into soluble chlorides, CRH-475 must be demineralized by boiling in a 5 

% HCl solution. The chemistry of reactions is expressed by the following equation 

{Ca, Mg}SiO3 + 2HCl → {Ca, Mg}Cl2 + H2SiO3↓ (1) 

At the same time, silicic acid is removed during further alkaline activation of CRH-475 

at 850 oC using potassium hydroxide. The chemistry of reactions occurring in the process of 

alkaline activation of CRH can be represented by the following equations: 

2KOH + SiO2 → K2SiO3 + H2O (2) 

H2O + C → CO↑ + H2↑ (3) 

2KOH + 2C → 2K + 2CO↑+ H2↑ (4) 

At the same time, the formation of a porous space in sorbents obtained from RH by 

alkaline activation occurs due to the following processes: 

1) macropores – during carbonization, due to the preservation of the native structure of

the RH and the subsequent leaching of silica phytoliths from the CRH; 

2) mesopore – mainly due to high-temperature leaching (desilication) of the SiO2

matrix (equation 2), as well as the carbon matrix burn off (equations 3-4); 

3) micropores – mainly due to reactions of carbothermic reduction of potassium

(equation 4), as well as SiO2 leaching (equation 2) and burn off (equation 3). 



Figure S7. UV spectrum of sodium diclofenac solution and the calibration curve 


