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Abstract Oneof themodern trends in construction is the orientation towards biopos-
itive buildingmaterials and technologies. In this regard, the use of plant rawmaterials
for the production of building materials is of relevance. The aim of the research was
to study the possibility of chemical modification of the ligno-carbohydrate complex
ofHeracleum sosnovsky to obtain biostable plant raw materials. The hypothesis was
formulated, according to which a significant increase in the biostability of plant
raw materials based on Heracleum can be achieved by modifying it with a four-
coordination boron compound–monoethanolamine(N→B)-trihydroxyborate. This
goal was achieved through laboratory studies of the sorption of themodifier, studying
the microstructure of the samples and carrying out IR spectroscopy. As a result of the
research, it was found that the degree of modification of Heracleum stems multiply
depends on the modification temperature and drying temperature, the corresponding
dependences have been established. It was found that under the action of the modi-
fier, depolymerization of lignin and hemicellulose occurs, as well as the chemical
interaction of the reagent with the substrate. Analysis of the microstructure indi-
cates a uniform distribution of the modifier in the intercellular space. The novelty
of the conducted research consists in the substantiation and experimental confirma-
tion of the possibility of increasing the biostability of plant raw materials—Hera-
cleum. The significance of the result lies in determining the optimal parameters of
the modification process.
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1 Introduction

Heracleum sosnovsky was imported to the Russian Midlands from Georgia in the
middle of twentieth century, later domesticated and throughout few decades has been
grown for feeding livestock [1–4]. This was due to the biological specific features
of the plant species, namely low maintenance, rapid growth and development of
green matter, frost tolerance, high content of vitamins, proteins and microelement in
the composition of cell walls [5–8]. However, the presence of furocoumarins in the
plant green matter has exacerbated the quality of agricultural products. Moreover,
there was discovered the potential hazard of dermatitis caused in the case of contact
with Heracleum [9]. Thus, its cultivation was halted as early as the 1980s, at first in
Europe, than on the territory of theCommonwealth Independent States.Nevertheless,
throughout the period of its cultivation, this species has become wide spread in
Eastern Europe, in particular on the territories of the Former Soviet Republics.

In the Central Part of Russia, the first specimen of wilding Heracleum sosnovsky
was first detected in 1948 inMoscow Region. Over the subsequent years, Heracleum
have been found, mostly, near the cultivation areas; at the very least in Moscow
Region this species had not exhibited the tendency to diffusion into natural vege-
tation until the 1970s when Heracleum naturalizing became wide spread [1, 10].
Nowadays, the expansion of this invasive plant is becoming environmental catas-
trophe. If the green matter of Heracleum was used more actively in the national
economy, this would facilitate its removal from agricultural ecosystem as well as
invasive offloading. Presently, the scientists are searching the possible applications of
Heracleum biomass in engineering, pulp-and-paper production, medicine and phar-
maceutical industry [11–14]. Porous stem structure of Heracleum has quickened
scientists’ interest in this material in the function of concrete admixture lowering its
thermal conductivity [15]. Taking into account the current trend for the development
of biopositive building technologies [16], the use of plant raw materials, in partic-
ular Heracleum, for the production of various building materials is of relevance and
practical interest.

However, this plant raw material requires pre-treatment with antiseptics, because
despite the high content of extractives in the composition of cell walls of Hera-
cleum, there was observed the active growth of fungi on the stem surface when
stored in contact with moist environment. The previous studies have shown that
boracium-nitrogen compounds are rather effective, from the point of bio stability
enhancement of plant raw materials used in construction. For example, the papers
[17, 18] have demonstrated that application of four-coordination compounds of
boracium for surface modification allows ensuring 100% bio stability of timber
structures for the period of at least 20 years. It was suggested that application of four-
coordination boracium compound–monoethanolamine(N→B)-trihydroxyborate for
modifying cell walls of Heracleum stems will allow to enhance its biostability. Thus,
the purpose of the present research was the study of possible chemical modifica-
tion of ingo-carbohydrate complex of Heracleum sosnovsky with four-coordination
boracium compound in order to increase the biostability of plant rawmaterials for the
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production of building materials. In order to realize the set objective, the following
tasks were to be solved: determining optimal temperatures for modifying and drying
of source raw material on the base of monoethanolamine(N→B)-trihydroxyborate;
identifying the pattern of interaction of monoethanolamine(N→B)-trihydroxyborate
with ingo-carbohydrate complex of Heracleum sosnovsky cell walls.

2 Methodology

As source rawmaterials of plant origin, there were used grinded stems ofHeracleum
sosnovsky gathered in September 2020 in the Pushkinsky district ofMoscowRegion.
The stems were preliminary cleaned from the extraneous bodies and air-dried until
they reach the constant weight. Then they were mechanically grinded to the particle
size ranging 1–5 mm; the particles’ shape being irregular. Modifying was carried
out by means of dipping into 50% aqua solution of monoethanolamine(N→B)-
trihydroxyborate, pH = 9, for 3 h. Modifying temperature accounted for 25, 50,
75 and 100 °C correspondingly. The samples were further filtered off on the filter
paper and dried until they reach the constant weight by two methods: (a) air-drying
at room temperature and (b) in the drying cupboard at 105 °C. In order to remove
the excess of unreacted modifier and hydrolysis products, threefold extraction of
modified and reference samples was done by distilledwater at room temperature with
further air-drying at room temperature until they reach a constant weight. Then, the
surface layer of samples was investigated by the methods of infrared spectroscopy
and electronic microscopy. The measurements were taken by the infrared Fourier
spectrometer VERTEX 70v made by BRUKER (Germany) with the application of
the auxiliary device FTIR (frustrated total internal reflection) GladyATR made by
PIKE (USA) with diamond operating element. Spectra were obtained directly from
finely grinded samples, non-treated additionally. The spectra taken by the method
of frustrated total internal reflection (FTIR) were converted into absorption spectra
by factoring in the relationship between penetration depth of infrared radiation into
the sample and wave length, done by the OPUS application incorporated into the
device software. Microphotographs of modified samples were received by means of
the raster electron microscope JSM-6510LV JEOL.

3 Results and Discussion

The results of samples’ weighing before and after modifying at various temperatures
as well as after extraction and drying are outlined in the Table 1.

From the data presented in the Table 1 it is apparent that light porous base has
high sorption capacity, it absorbs from 1.4 g up to 3.18 g of modifier per 1 g of
the base as a function of temperature. However, less modifier is bonded chemically.
This was stated by means of samples weighing after extraction. Extraction enables
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Table 1 Mass change of the samples occurred in the process of modifying, extraction, and drying

NN Tmodifying, °C Tdrying, °C Initial mass of
samples, g

Samples’ mass after
modifying and
drying**, g/% of
increment

Samples’ mass after
extraction and
drying**, g/% of
increment

1 25 25 5 12.0/140 7.3/46

2 25 105 5 12.6/152 8.8/76

3 50 25 5 13.7/174 7.6/52

4 50 105 5 14.0/180 7.8/56

5 75 25 5 13.7/174 8.1/62

6 75 105 5 14.3/186 10.3 / 106

7 100 25 5 18.3/266 11.8/136

8 100 105 5 20.9/318 12.5/150

9 Reference* Reference 5 5 4.4/ − 12

*Reference samples were not modified by monoethanolamine(N→B)-trihydroxyborate but
undergone the extraction under the same conditions as modified samples
**mean values of three series of weighing

to eliminate the excess of unreacted monoethanolamine(N→B)-trihydroxyborate
from the composition of support pores. According to the table data, the level of
modification has multiply increased as the temperature grows. Along with that, not
only the temperature of modification has the meaning but the temperature of drying.
The highest degree of modifier’s sorption is observed at the temperature of 100 °C
and drying in the drying cupboard at 105 °C. Under such conditions, there has
been observed threefold exceeding of the modifier’s content in the base composition
if compared with the process of modifying at room temperature. But also at room
temperature ofmodifying and drying, the content of modifier in the base composition
is noticeable—46%.This could ensure good security against bio corrosion and further
researches will be aimed at the lowering of modifier’s concentration and the search
of the optimal concentration.

Lingo-carbohydrate complex (LCC) of cell walls of Heracleum has the highest
reaction capacity in relation to monoethanolamine(N→B)-trihydroxyborate if
compared with LCC of timber [19]. This phenomenon could be explained by the
following. Firstly, in the contact with modifier LCC of cell walls of Heracleum
experiences lower steric hindrances if compared with LCC of timber due to less
dense structure of tissues. Secondly, there are essential differences in the component
ration in the LCC-composition. In the LCC-composition of timber, less chemically
reactive cellulose dominates over chemically reactive lignin twofold, while in the
LCC-composition of Heracleum the ration of cellulose and lignin is equal to 1:1
approx. Along with that, the attention should be paid on the negative mass incre-
ment of reference samples after extraction. This gives an evidence that hydrolysis
of extractive substance from the initial substance composition takes place. Taking
into account that modifying solution is characterized by alkaline medium (pH = 9),
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then during the modifying process, the percent of extractive substance outwashing
must be significantly higher. Moreover, the hydrolysis process for low molecular
polysaccharose (hemicellulose) and lignin in alkaline medium is inevitable. Never-
theless, the data of the Table 1 demonstrate that the mass loss is not observed (the
last column of the table). This could be explained by the fact that significant mass
increment arising due to modification overlaps by far the mass loss occurring during
hydrolysis.

The Fig. 1 represents the fragments of infrared spectra in the area undergone
significant changes during modification process. The Fig. 1 shows that all the spectra
of modified samples 1.1.–1.8 are similar and have relatively insignificant differences.
The variation from the reference sample spectrum (1.9) is much more prominent.
The data presented at the Fig. 1 confirm that the most part of changes in the dipped
base is observed at the curves peaks related to hemicellulose (1737, 1268, 1100,
1056 cm−1) and lignin (1601, 1268 cm−1). These changes are the result of lignin and
hemicellulose depolymerization caused by amodifier, whereas cellulose has not been
depolymerized that ensures secure fixation of modifier in the composite formulation
[20].

After modifying and drying the spectral band of 1735 cm−1 has almost disap-
peared, the spectral band of 1580 cm−1 is significantly reduced (has nearly
disappeared).

This goes to prove chemical interaction between lignin hydroxyls and modifier’s
molecules as well as partial hydrolysis of aromatic constituent of Heracleum LCC.
The structure of the wide absorption band in the range of 1315–1470 cm−1 has
also undergone a change. The changes prove that for all the samples, regardless the
temperature of modifying and drying, chemical interaction of reactive chemical and
the base takes place. Modified wide absorption band in the range of 1315–1470 cm−1

appeared after modification (Fig. 1) testifies the presence of the coordinate bond
N→B in the compositionofmodifiedbase [21].Once can also observe the appearance
of band in the range of 1630 cm−1, which corresponds to the effect of bonding NH2

in the spectra of the samples 1.1–1.8, Fig. 1 [21].
Microphotographs of modified and reference samples (magnification 500×)

are presented in the Fig. 2. As the presented photographs show, modifier wraps
around cell walls. At the microphotographs 2.1–2.3, even distribution of modifiers
in the intercellular space is observed. In addition to this, the higher modification
temperature, the more saturated near-wall layers by the modifier’s molecules.

This is explained by the fact that elevated temperature in alkaline medium
leads to more constitutive hydrolysis of hemicellulose and lignin; and their place
in the composite structure are taken by the molecules of monoethanolamine
(N→B)-trihydroxyborate.
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Fig. 1 Infrared spectrum of modified and references samples: 1.1 Tmod = 25 °C, Tdrying = 25 °C;
1.2 Tmod = 25 °C, Tdrying = 105 °C; 1.3 Tmod = 50 °C, Tdrying = 25 °C; 1.4 Tmod = 50 °C, Tdrying
= 105 °C; 1.5 Tmod = 75 °C °C, Tdrying = 25 °C; 1.6 Tmod = 75 °C, Tdrying = 105 °C; 1.7 Tmod =
100 °C, Tdrying = 25 °C; 1.8 Tmod = 100 °C, Tdrying = 105 °C; 1.9 Reference sample (non-modified
sample)
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Fig. 2 Microphotographs of modified and reference samples (magnification 500×): 2.1 Tmod =
25 °C, Tdrying = 25 °C; 2.2 Tmod = 50 °C, Tdrying = 25 °C; 2.3 Tmod = 100 °C, Tdrying = 25 °C;
2.4 Reference sample (non-modified sample)

4 Conclusions

Thus, the obtained experimental data allowmaking the following conclusions.When
modifying plant rawmaterials represented by grinded stems ofHeracleum sosnovsky
by the composition on the base of monoethanolamine(N→B)-trihydroxyborate,
depolymerization of lignin and hemicellulose occurs, and the modifiers molecules
replace them in the composition of lignin-carbohydrate complex of cell walls. This
process is reinforced as the temperature of modifying and drying grows that leads to
the increased content of boracium-nitrogen compound in the base composition. The
process of dippingplant rawmaterial inmonoethanolamine(N→B)-trihydroxyborate
is accompanied by chemo sorption. This is evidenced by the presence of modifier’s
molecules confirmed by the data of infrared spectroscopy and microphotography, in
the intercellular space after continuouswater extraction. The novelty of the conducted
research consists in the substantiation and experimental confirmation of the possi-
bility of increasing the biostability of plant rawmaterials—Heracleum–bymodifying
with monoethanolamine(N→B)-trihydroxyborate, as well as establishing the mech-
anism of this process. When applied as preservatives of plant raw materials, it is
recommended to carry out modifying and drying at room temperature as the high
level of modification is reached at these conditions.
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