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Abstract—The main components of the birch wood were fractionated into a microcrystalline cellulose, xylose
and enterosorbents by an integration of heterogeneous catalytic processes of an acidic hydrolysis and a per-
oxide delignification of the wood biomass for the first time. The wood hemicelluloses were hydrolyzed to
xylose at a temperature of 150°C in the presence of the Amberlyst® 15 solid acidic catalyst. Then, the ligno-
cellulosic product of the wood hydrolysis was subjected to the peroxide delignification in the formic acid–
water medium in the presence of the solid TiO2 catalyst with a formation of the microcrystalline cellulose
(MCC) and the organic-soluble lignin. Yields of MCC and the organic-soluble lignin proved to be 64.5 and
11.5 wt % of a mass of the prehydrolyzed wood, respectively, under the determined optimal conditions
(100°C, 7.2 wt % of Н2О2, 37.8 wt % of НСООН, LWR 15, and a duration of 4 h). The enterosorbents were
prepared by a treatment of the organic-soluble lignin with 0.4% NaHCO3 or hot water. The sorption capacity
of these enterosorbents was 97.7 and 236.7 mg/g according to methylene blue and gelatin, respectively. These
values were significantly higher than those of the Polifepan commercial enterosorbent (44 and 115 mg/g,
respectively). The products of the catalytic fractionation of the birch wood were characterized by physico-
chemical (FTIR, XRD, SEM, and GC) and chemical methods.
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INTRODUCTION
Interest in an application of renewable plant mate-

rials being alternative to oil and gas has quickened in
the past few years [1]. Wood is a vast resource of the
plant biomass. At present, the main direction of the
chemical processing of wood is the cellulose prepara-
tion [2].

The present industrial technologies for cellulose
production from wood are based on the use of sulfur-
containing and chlorine-containing delignifying
agents and result in the environmental pollution [2].
In addition, these technologies provide no utilization
of other main components of wood, such as hemicel-
luloses and lignin.

The elaborated perspective methods for a prepara-
tion of cellulose from wood are based on the use of
organic solvents and low-toxic delignifying agents. In
particular, processes of organic-solvent delignification
in a medium of acetic or formic acid are developed at
a level of half-industrial installations [3, 4]. An appli-
cation of catalysts increases an efficacy of the pro-
cesses of the organic-solvent delignification and

allows the use of water-organic solvents and mild con-
ditions of a process. For example, the peroxide frac-
tionation of the fir wood into cellulose and an organic-
soluble lignin was proposed to perform in the mixture
of formic acid and water in the presence of the TiO2
catalyst at a temperature of 100°С and atmospheric
pressure [5]. The cellulose that contains approxi-
mately 2 wt % of the residual lignin and the low-
molecular-weight organic-soluble lignin are prepared
with high yields under the optimal conditions of the
process. Distinct from the traditional technical lig-
nins, the organic-soluble lignins contain no sulfur,
have relatively low molecular mass, and a sufficiently
low mass molecular distribution [6], resulting in their
easier further conversion into valuable products.

At present, the creation of processes for complex
processing of all basic components of the lignocellu-
lose materials into the needed chemical products is an
urgent problem. For this purpose, processes of a cata-
lytic reducing and oxidizing fractionation of the wood
biomass are used.

The reducing fractionation of the biomass is car-
ried out at an increased pressure in the medium of
hydrogen or a reducing agent (formic acid or alcohols)1 Corresponding author: e-mail: bnk@icct.ru.
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in the presence of applied metallic catalysts (Ru/C,
Pd/C, Pt/C, Raney nickel, Ni/C, and Ni/Al2O3). The
main products of such processes are the liquid hydro-
carbons that contained phenolic monomers, dimers,
and oligomers [7, 8].

The processes of the oxidative fractionation by a
treatment with hydrogen peroxide or oxygen are per-
formed in the aqueous-organic or aqueous media in
the presence of such catalysts as mineral acids (H2SO4,
HCl, or H3PO4) and inorganic salts and oxides
(MnSO4, FeSO4, CoCl2, TiO2, ZnO, and others) [9–11].

The composition of products of the catalytic frac-
tionation of wood is determined not only by the con-
ditions of the process (nature of the catalyst, reaction
medium, temperature, duration, etc.) but by the
nature of the wood row material as well. Separate
wood species can differ in the content of basic compo-
nents and structure of lignin and hemicelluloses.

Previously, we designed the method for the
extraction-catalytic fractionation of the larch-wood
biomass with a production of dihydroquercetin, arab-
inogalactan, MCC, and organic-soluble lignin [12].

In this study, we used the birch wood as a starting
material. Birch belongs to one of the basic species of
trees which grow in the Russian Federation. The birch
wood involves 25–30 wt % of hemicelluloses (mainly
glucuronoxylans) [13].

We proposed a new approach to the heterogeneous
catalytic fractionation of the birch-wood biomass into
MCC, xylose, and enterosorbents. This approach was
based on an integration of the stages of the hemicellu-
lose hydrolysis in the presence of the Amberlyst 15
acidic catalyst and the peroxide delignification of the
lignocellulose product of the hydrolysis in the medium
of formic acid, water, and the TiO2 catalyst. The prod-
ucts of the wood fractionation were characterized by
physicochemical and chemical methods.

EXPERIMENTAL
Sawdust of a middle-stem part of the birch wood

was used as a feedstock. The Betula pendula birch was
grown in surroundings of Krasnoyarsk (the fraction of
2–5 mm). The following chemical composition of the
birch wood was determined by standard methods of
the wood chemistry (wt %): 46.8% of cellulose, 21.75
of lignin, 27.3% of hemicellulose, 3.2% of extractive
substances, and 0.6% of ash [14].

The air-dried birch wood (60 g) was subjected to a
mechanical activation in an AGO-2 planetary-type
mill for 30 min at a centrifugal acceleration before the
hydrolysis. The centrifugal acceleration was made by
milling bodies. The planetary-type mill was equipped
with two drums that were simultaneously rotated
around a central axis and around their own axes in the
opposite direction. The wooden sawdust (5 g, the frac-
tion of 2–5 mm) and the milling bodies (18 steel bolls
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with a diameter of 3–8 mm) were placed in the drums
(a volume of each drum was 50 mL).

The activated birch wood was hydrolized at tem-
peratures of 110, 130, 150, and 170°C in a rotating steel
autoclave that was equipped with an interior f luoro-
plastic tube (35 mL). The autoclave was placed in a
metallic air bath. The rotation speed of the autoclave
was 11 rpm. The mixture of the wood and the solid cat-
alyst was placed in the tube and f looded with the dis-
tilled water. The mass content of the wood in the water
was 41 g/L. The ratio of the mass of the solid catalyst
to the wood mass was 1 : 1.

On completion of the preset time, the reactor was
cooled, and the nonhydrolyzed wood and the catalyst
were filtered off in a Buchner funnel on a paper filter
under vacuum, washed with water, and dried in a dry-
ing box at 103°C. After the hydrolysis, the mass of the
solid catalyst was subtracted from the mass of the solid
residue of the lignocellulosic product.

The Amberlyst® 15 (Acrosorganics) and KU-2-8
(Thermax Ltd.) commercial catalysts were used for the
hydrolysis. The Amberlyst® 15 catalyst was a macropo-
rous ion-exchange resin (the pore size was 0.45–0.60 mm)
based on a copolymer of styrene and divinylbenzene.
KU-2-8 was an ion-exchange resin based on a copoly-
mer of styrene and divinylbenzene (the pore size was
0.315–1.25 mm), a water-insoluble matrix of a highly
molecular and multifunctional polymer with acidic
sulfogroups capable of an ion-exchange.

The choice of these ion-exchange resins was
explained by their wide application to hydrolysis of
different disaccharides and such polysaccharides as
cellulose and hemicellulose [15, 16].

The catalytic peroxide delignification of the ligno-
cellulosic product of the wood hydrolysis was per-
formed in a glass reactor (250 cm3) that was equipped
with a mechanical stirrer, a reflux condenser, and a
thermometer according to the procedure [17]. Wood
sawdust (10 g) was placed in the glass reactor, and the
mixture of formic acid (especially pure, Ekos-1, Rus-
sia), hydrogen peroxide (especially pure, Ekos-1, Rus-
sia), distilled water, and the catalyst were added. The
reaction mixture was intensively stirred (700 rpm) for
4 h at 100°C. The contents of hydrogen peroxide and
formic acid in the reaction mixture were varied from 4
to 10 wt % of and from 30 to 50 wt %, respectively, at a
constant hydromodulus of 15. On completion of the
reaction, the solid product was separated from the
reaction solution by vacuum filtration in a Buchner
funnel, washed with distilled water, and dried at 105°C
to constant weight. The boiled-off liquor was evapo-
rated (the formic acid was removed). A fivefold excess
of water was added to the vat residue, and lignin was
precipitated.

The commercial TiO2 (DuPont, United States) was
used as a catalyst for the peroxide delignification. The
quantity of the catalyst was 1% of the wood mass in all
the experiments. The TiO2 catalyst consisted of rutile
ol. 48  No. 7  2022
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(92%) and anatase (8%) with an average particle size
of approximately 10 μm and surface area of 3 m2/g
(according to the BET method).

The enterosorbents were prepared by treatment of
the organic-soluble lignin with 0.4% NaHCO3 for
15 min and with hot water (80°C) for 15 min. The
enterosorbents were purified by dialysis in MF-505-46
MFPI cellophane dialysis bags (United States, pore
size 0.1 μm) for 10 h at a one-hour interval of the water
replacement. The adsorption capacity of the sorbents
was determined with the use of methylene blue and
gelatin [18].

IR spectra in the area of 4000–400 cm–1 were
recorded on a Tensor 27 IR Fourier spectrometer
(Bruker). The spectra were processed using the OPUS
software (version 5.0). The samples for the absorption
IR spectra were prepared as pressed tablets that con-
tained 5 mg of the sample in the KBr matrix.

The X-ray picture of a cellulose sample was
obtained with the use of a PANalyticalX’PertPro dif-
fractometer with the CuKα irradiation (λ = 0.154 nm)
at the 2θ angle interval from 10 to 50° with an incre-
ment of 0.01° in a cuvette 2.5 cm in diameter.

Morphology of the cellulose samples was charac-
terized by scanning electron microscopy (SEM) on a
SEM TM-1000HITACHI electron microscope
(Japan) at a magnification of 10 000 times with a reso-
lution of 35 nm.

The individual composition and content of mono-
saccharides in the hydrolysates were examined by a
chromatography on a VARIAN-450 GC gas chro-
matograph with a f lame-ionization detector on a VF-
624ms capillary column (a length of 30 m and a diam-
eter of 0.32 mm). The chromatographic conditions
were: helium gas carrier, injector temperature of
250°C, starting temperature of the column of 50°C
(5 min), temperature rise to 180°C at 10°С/min; the
time lag at 180°С was 37 min; the detector temperature
was 280°C; and the duration of the chromatographic
fractionation of monosaccharides was 55 min. The
oligosaccharides were registered after 55 min of the
chromatographic fractionation at a temperature
increase to 250°С (10°C/min) and maintaining the
column at this temperature for 30 min. The total time
of the analysis was 92 min.

The hydrolysate sample was preliminarily sub-
jected to a derivatization according to the procedure
[19] with a formation of trimethylsilyl derivatives. A
mixture of trimethylchlorosilane and hexamethyldisi-
lazane in pyridine was used as silylating agent. Sorbitol
was used as an internal standard. The obtained chro-
matogram involved the peaks of all monosaccharide
tautomers in the hydrolysate sample. The peaks were
identified on the basis of the known retention times tR
of the tautomeric forms of monosaccharides for these
chromatographic conditions. The ratio of the area of
each characteristic monosaccharide peak to the area
RUSSIAN JOURNAL OF
of the internal standard (Si/Sст) was calculated. The
mass of every monosaccharide in the hydrolysate sam-
ple was found from these ratios using the calibration
curve.

RESULTS AND DISCUSSION
Hydrolysis of Hemicelluloses of the Birch Wood 

Using the Solid Acidic Catalysts
The birch wood contained the maximum amount

of hemicelluloses (up to 30 wt %) among the all-Rus-
sian wood species. The hemicelluloses of the birch
wood mainly contained glucuronoxylans, which
involve xylan (80%), glucan (10%), and uronic anhy-
dride (6%) [20].

The conditions of the wood hydrolysis in which
other wood components are minimally converted are
necessary to find for a selective depolymerization of
the hemicelluloses. A choice of catalysts is one of the
basic directions of an improvement of the polysaccha-
ride hydrolysis [21–23]. The use of the solid acidic
catalysts has the following advantages: ecological
safety and the absence of the corrosive activity and
additional expenses on a neutralization of reaction
solutions.

Activities of two solid acidic catalysts
(Amberlyst®15 and KU-2-8) were compared at 110–
170°C in order to choose the most effective catalyst for
hydrolysis of the hemicelluloses of the birch wood.

It is known that an effective contact of a solid cata-
lyst with a solid reagent is difficult to provide during
the heterogeneous catalytic hydrolysis of plant raw
materials [24]. The wood sawdust was subjected to
grinding and the mechanical activation in an AGO-2
mill for an increase in the contact area. As a result of a
fine mechanical grinding, the birch wood became
more finely dispersed and more homogeneous. The
average size of the wood particles was found to be
decreased from 2–5 to 0.1–0.25 mm according to the
scanning electron microscopy (SEM).

Hemicellulose depolymerization occurs in the
course of the wood hydrolysis in mild conditions. The
influence of the temperature of the birch-wood hydro-
lysis on a content of xylose (Fig. 1a) and glucose
(Fig. 1b) in the hydrolysates was studied. The solid
acidic catalysts had low activity at 110–130°C, and
exhibited their maximum activity at different tempera-
tures. Amberlyst®15 was maximally active at 150°C,
whereas KU-2-8 was mostly effective at 170°C. The
maximum xylose content (7.2 g/L) was achieved in the
presence of the Amberlyst®15 catalyst at 150°C.

Such xylose content is comparable with that
obtained during the birch-wood hydrolysis by 2%
H2SO4 at 100°C and at atmospheric pressure for 5 h [25].

An increase of the process temperature to 170°C is
accompanied by hydrolysis of the cellulose amor-
phous part, resulting in an enhancement in the glucose
content to 1.5 g/L. Thus, the further increase in the
 BIOORGANIC CHEMISTRY  Vol. 48  No. 7  2022
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Fig. 1. The effect of temperature on the yield of (a) xylose and (b) glucose during the hydrolysis of hemicelluloses of birch wood
in the presence of the Amberlyst® 15 and KU-2-8 solid acidic catalysts (hydrolysis duration was 1 h, the hydromodulus was 24).
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hydrolysis temperature is not reasonable, because the
yield of the target cellulose is decreased during the fur-
ther delignification of the birch-wood lignocellulose.

The birch wood is barely hydrolyzed under the
chosen conditions in the absence of a catalyst. A repet-
itive use of the Amberlyst®15 catalyst results in a decrease
in its activity, whereas the activity of the KU-2-8 catalyst
remains unchanged.

The Peroxide Delignification of the Lignocellulosic 
Product of the Birch-Wood Hydrolysis

The lignocellulosic product was prepared by a pre-
hydrolysis of the birch wood in the presence of the
Amberlyst®15 catalyst at 150°С for 1 h. The product
had the following chemical composition: 61.2 wt % of
cellulose, 27.3 wt % of lignin, and 9.5 wt % of the
residual hemicellulose.

We performed a mathematical optimization of the
peroxide delignification of the hemicellulose-free
birch wood in order to find the conditions which
would provide maximum yields of the qualitative cel-
lulose and the organic-soluble lignin.

Previously, we published the results of an investiga-
tion of the delignification of different wood species in
the medium of acetic and formic acids [5, 12, 26]. As
followed from these investigations, lignin was almost
completely removed from the wood after treatment at
100°С for 4 h at a hydromodulus of 15 and TiO2 con-
tent of 1 wt %. Therefore, these conditions were cho-
sen for the peroxide delignification of the prehydro-
lyzed birch wood.

The influence of concentrations of hydrogen per-
oxide and formic acid on the yields of the cellulose
product and the organic-soluble lignin was studied for
an optimization of the peroxide catalytic delignifica-
tion of the pre-hydrolyzed birch wood.
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
The generalized parameter of the optimization
(Wa) was used for the optimization of the process.
This paramenter involved the following output param-
eters: Y1, the yield of the cellulose product (wt %); Y2,
the content of cellulose in the cellulose product (wt %);
and Y3, the yield of the organic-soluble lignin. The
weights of these parameters (δ) were distributed
according to their comparative importance for an eval-
uation of the results of the process in general (Table 1).
The values of the output parameters (see Table 1) were
presented as the average value of three experiments.

The following variable factors were used: the Х1
concentration of НСООН (30–50 wt %) in the reac-
tion mixture and the X2 concentration of Н2О2 in the
reaction mixture (4–10 wt % ). The fixed parameters
were temperature (100°С), the duration of the process
(4 h), and the hydromodulus of the process (15).

The optimization was performed with the use of the
complete factorial of type 32, where 2 was the quantity
of the variable factors (the concentrations of НСООН
and Н2О2) and 3 was levels of the factor variation
(lower, basic, and upper) [27].

The value of the main optimization parameter was
calculated from the equation:

where δj, the weights of the out parameters; dj, the pri-
vate utility function, which was calculated from the
equation:
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Table 1. The matrix of the optimization of the fractionation of the prehydrolyzed birch wood and the results of its imple-
mentation using the Wa generalized optimization parameter

Х1 Х2 Y1 Y2 Y3 d1 d2 d3 Wa

1 30 4 75.8 80.2 4.5 0.9875 0.0166 0.25 0.3291
2 40 4 73.5 82.5 5.4 0.8437 0.2083 0.34 0.4037
3 50 4 70.8 84 6.8 0.6750 0.3333 0.48 0.4713
4 30 7 66.3 89.2 9.2 0.3937 0.7666 0.72 0.6653
5 40 7 64.5 91.8 11.5 0.2812 0.9833 0.95 0.8162
6 50 7 63.9 91.4 9 0.2437 0.9500 0.7 0.6877
7 30 10 63.3 85.3 3.5 0.2062 0.4416 0.15 0.2636
8 40 10 60.9 84.8 3 0.0562 0.4000 0.1 0.1948
9 50 10 60.2 80.8 2.5 0.0125 0.0666 0.05 0.0476

Y(–) 60 80 2
Y(+) 76 92 12
δ 0.5 0.8 1

Fig. 2. The response surface of the Wa-generalized optimi-
zation parameter of the process of the peroxide delignifica-
tion of the lignocellulosic product of birch wood hydrolysis.
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where ϕ0(x), is the response of the yj output parameter

at the x;   and , the best and the worse values of
the output parameter within the limits of the examined
area, respectively. The results of implementing the
design matrix were given in Table 1.

The response surface of the generalized parameter
of the optimization was obtained using the Statgraph-
ics program [28] and presented in Fig. 2.

The following optimum conditions of the fraction-
ation of the prehydrolyzed birch wood met the optimi-
zation conditions: Y1→ max, Y2→ max, and Y3→ max.
They corresponded to the following values of the fac-
tors: Х1 and Х2 were 7.2 and 37.8 wt %, respectively.
Under the optimum conditions of the peroxide delig-
nification of the hemicellulose-free birch wood, the
yields of cellulose and the soluble lignin achieved 64.8
and 11.5% of the mass of the lignocellulosic product,
respectively.

The cellulose that was prepared under the optimum
conditions of the peroxide delignification of the solid
product of the hydrolysis of the birch wood contains
4.8 wt % of the residual hemicelluloses and 1.8 wt % of
lignin.

The following characteristic absorption bands in
the IR spectrum of the obtained cellulose (Fig. 3) cor-
respond to: the valent vibrations of the hydrogen-bond
–OH groups at 3364 сm–1; the valent vibrations of
‒CH groups at 2901 cm–1; the deformation vibrations
of ‒CH groups at 1431 сm–1; the asymmetric vibra-
tions of C–O–C at 1163 сm–1; the asymmetric vibra-
tions of the glucose ring at 1110 сm–1; and the vibra-
tions of the β-glycoside bonds between the glucose
units in the cellulose at 897 сm–1 [29, 30].

The absorption band at 1727 сm–1 that corresponds
to the valent vibrations of the С=О bond in the car-
bonyl groups of hemicelluloses [30] points to the pres-

( )
jy + ( )

jy −
RUSSIAN JOURNAL OF
ence of the residual hemicelluloses in the isolated cel-
lulose. The absence of the absorption bands of phen-
ylpropane fragments of lignin at 1605–1593, 1515–
1495, and 1470–1460 сm–1 suggest the deep oxidative
destruction of lignin under the conditions of the per-
oxide delignification in the mixture of formic acid and
water in the presence of the TiO2 catalyst. 

The XRD method (Fig. 4) demonstrated that the
unit cell of the cellulose sample that was obtained from
the birch wood was identical to the monoclinic unit
cell of cellulose I [31]. An index of the cellulose crys-
tallinity was calculated from the height ratio between
the intensity of the crystalline peak (I002 – IAM) and the
total intensity (I002) after a subtraction of the back-
ground signal that was measured without the cellulose
[32] and proved to be 0.70.

The SEM image of the sample of the starting birch
wood is presented in Fig. 5a. The wood microstructure
 BIOORGANIC CHEMISTRY  Vol. 48  No. 7  2022
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Fig. 3. The IR spectrum of the cellulose that was prepared by the catalytic peroxide delignification of the lignocellulosic product
of birch wood hydrolysis under optimum conditions.
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is clearly observed in the image. Bordered pits are seen
in walls of fibers of the libriform. The particle surface
is heterogeneous. The cellulose sample (Fig. 5b) con-
sists of microfibrils, and some of the fibrils are
arranged in bunches. Their surface is smooth and
homogeneous, possibly, as a result of the removal of
extractive substances, lignin, and hemicelluloses.

The basic characteristics of the cellulose from the
birch wood and the Vivapur 101 industrial microcrys-
talline cellulose are given in Table 2.

Thus, the possibility of isolation of the cellulose
with a supramolecular structure and a functional com-
position inherent to the microcrystalline cellulose
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V

Fig. 4. The X-ray diffraction pattern of the cellulose that
was prepared by the catalytic peroxide delignification of
the lignocellulosic product of birch wood hydrolysis under
the optimum conditions.
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from the prehydrolyzed birch wood was demonstrated
in this study.

Lignin that was prepared by the peroxide delignifi-
cation of the prehydrolyzed birch wood under the
optimum conditions was a light-brown fine-dispersed
powder with a density of 1.23 g/сm3, an average
molecular mass (Mw) of 1702 Da, and the polydisper-
sity degree of 2.11. The SBET specific surface, the total pore
volume, and the average pore diameter were 29.8 m2/g,
0.012 сm3/g, and 3.7 nm, respectively.

Previously, we demonstrated the possibility of a
preparation of effective enterosorbents from the
organic-soluble lignins [33]. The sorption capacity of
the organic-soluble lignins was increased by their
treatment with 0.4% NaHCO3 or hot water.

Substances of different molecular mass and chem-
ical nature were used as markers for an investigation of
the adsorption capacity of the prepared enterosorbents
similarly to those described in the paper [18]. Iodine
and methylene blue simulated a class of low-molecu-
lar-weight toxicants, whereas gelatin imitated the pro-
tein-binding activity for a sorption of pathological
agents of the protein nature (microorganisms and their
toxins, middle-mass molecules, and bioactive intesti-
nal polypeptides of the endogenous origin) [18].

The results of the determination of the adsorption
capacity of the samples of the sorbents that were pre-
pared from the organic-soluble lignin of the birch
wood are given in Table 3. The Polifepan therapeutic
agent (ZAO Saintek, St. Petersburg) was used as a
comparison substance.

All the enterosorbents from the organic-soluble
birch lignin exhibit high sorption activity towards
ol. 48  No. 7  2022
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Fig. 5. The SEM images of (a) the starting birch wood and (b) the cellulose that was prepared from this wood.
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Fig. 6. The catalytic fractionation of the birch wood biomass.

Birch wood

Hydrolysis at 150�С Amberlyst®15
catalyst

Lignocellulosic product Xylose

Peroxide delignification
at 100�С in the aqueous

formic acid medium

TiO2 catalyst

Microcrystalline cellulose Soluble lignin

0.4%-solution
of NaHCO3

Hot water

Enterosorbents
iodine, methylene blue, and gelatin. The sorption abil-
ity towards iodine, which characterized the micropo-
rous structure of the sorbent, is found to be weakly
dependent on the method of lignin treatment and
RUSSIAN JOURNAL OF

Table 2. The characteristics of the cellulose from the birch wo

Sample
Chemical composition, w

Cellulose Lignin

Birch cellulose 92.4 1.8
Vivapur 101 94.8 –
proves to be 38.3–42.8%. These values are comparable
with that of the Polifepan sorbent (38.7%).

However, the method of treating the organic-solu-
ble lignin significantly affects the adsorption capacity
 BIOORGANIC CHEMISTRY  Vol. 48  No. 7  2022

od and the Vivapur 101 industrial microcrystalline cellulose

t %
Crystallinity index L002, nm

Hemicelluloses

4.8 0.70 3.6
5.2 0.75 3.5
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Table 3. The sorption characteristics of the samples of the enterosorbents from the organic-soluble lignin of birch wood

Enterosorbent
Sorption of the markers

I2, % Methylene blue, mg/g Gelatin, mg/g

Starting birch lignin 20.3 56.2 110.5
Birch lignin treated with 0.4% NaHCO3 38.3 97.7 236.7
Birch lignin treated with hot Н2О 42.8 72.6 199.5
Polifepan 38.7 44.0 115.0

Table 4. The influence of the method of treating birch-wood lignin on the yield of the enterosorbents and the content of the
water-soluble ashy substances

Method of lignin treatment
Characteristics of the sorbents, wt %

yield content of water-soluble 
substances ash content

Absent – 15.3 0.15
0.4% solution of NaHCO3 64.8 4.3 0.19
Hot water 89.4 6.1 0.15
of the examined sorbents towards the methylene blue
and gelatin. This parameter characterizes the presence
of mesopores. The lignin sample that was treated with
0.4% solution of NaHCO3 has the higher adsorption
capacity towards these substances in comparison with
the sorbent that was treated with hot water. In addi-
tion, both these samples exhibit much higher adsorp-
tion activity in comparison with the commercial
Polifepan enterosorbent (Table 3).

The content of the water-soluble substances in
enterosorbents must not be higher than 5% according
to the pharmacological standards. The enterosorbent
that was prepared by the treatment of the birch lignin
with sodium bicarbonate complies with this require-
ment (see Table 4).

The enterosorbents from lignin of the birch wood
are promising for an application in medicine and vet-
erinary science.

The results demonstrated that the catalytic frac-
tionation of the birch-wood biomass into the micro-
crystalline cellulose, xylose, and enterosobents should
be used for the complex processing of the main com-
ponents of birch wood (Fig. 6). Fractionation of the
wood biomass was based on an integration of the het-
erogeneous catalytic processes of the hemicellulose
hydrolysis with the formation of xylose and the perox-
ide delignification of the hemicellulose-free wood
with the formation of microcrystalline cellulose and
organic-soluble lignin. The Amberlyst®15 solid acidic
catalyst was used for the hemicellulose hydrolysis.
This catalyst exhibited the highest activity among all
the examined catalysts and provided the high content
of xylose in the hydrolysates (7.2 g/L) at 150°C. The
microcrystalline cellulose and the organic-soluble lig-
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
nin were prepared by the peroxide delignification of
the lignocellulosic product of the birch wood hydroly-
sis in an aqueous medium of formic acid at 100°С in
the presence of a TiO2 solid catalyst. The yields of the
cellulose and the enterosorbents proved to be 64.5 and
11.5% of the mass of the prehydrolyzed wood, respec-
tively. The treatment of the organic-soluble lignin with
the 0.4%-solution of NaHCO3 or hot water gave the
more effective enterosorbent in comparison with the
commercial Polifepan enterosorbent that was pre-
pared from the hydrolytic lignin.

CONCLUSIONS
We proposed the fractionation of the birch wood

biomass into the microcrystalline cellulose, xylose,
and enterosorbents by an integration of the hemicellu-
lose hydrolysis and the peroxide delignification of the
lignocellulosic product of the wood hydrolysis using
heterogeneous catalysts. The effective solid catalysts
were chosen for an intensification of these processes.
The conditions of the hydrolysis of the hemicelluloses
of the birch wood, the peroxide delignification of the
lignocellulosic product of the wood hydrolysis, and
the extraction of the organic-soluble lignin were opti-
mized. The compositions and the structures of the
solid and soluble products of the fractionation of birch
wood were determined by physicochemical (FTIR,
XRD, SEM, and GC) and chemical methods.
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