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Ilpogedeno uccnedosanue KOMROHEHMHO20 COCMABA NPOOYKMOG OKUCIUMETbHOU mep-
ModecmpyKyuu monauensix zpanyn uz ouomaccor Heracleum sosnowskyi Manden memooom xpo-
Mmamo-macc-cnekmpomempuu. buomacca oopuwesuxa Cocnoeckozo ovina coopana Ha meppumo-
puu cena Boinveopm pecnydonuxku Komu, evicywiena 0o ammocghepno-cyxozo cocmoanus, uzmens-
yena 00 dm < 0,25 mm u 3anpeccosana c ycunuem 10 kH. Tonnuenvie 2panynvt 6oLau coxHcxHceHvl 6
YCMAaHO8Ke, NPOOYKHIbl OKUCTIUMENIbHOU MEPMOOeCMPYKUUU Y106/1€Hbl U RPOAHATUIUPOSAHBI HA
2a30-HCUOKOCMHOM Xpomamozpaghe ¢ macc-ceneKmugHvim 0emekmopom. B peynomame ananuza
Macc-cnekmpog u3 47 ynoeneHHvix coeounenuil 6ol10 udenmuduyuposano 39 HUIKOMoneKyap-
HbIX HPOOYKM OB CO 8PEMEHEM YOepHCUBAHUA OM 6 00 79 MUH U RPOUEHMHBIM COOEPHCAHUEM Om
0,4 00 12%. KauecmeeHnHblil U KOJIUUECHGEHHBLI AHAIU3 KOMNOHEHMHO20 COCMA8A NPOOYKHIO8
decmpyKyuu HOKA3ai, 4mo ux o0pa3oeanue HANPAMYH C8A3AHO ¢ KOMHOHEHMHbIM COCHABOM
buomaccol u onpedenaemca co0epIHcanuem u CmpoeHuem Yesra03sl, 2EMUUeNINN03 U TUZHUHA.
AHanu3 3a6UcumMocmu coeOuHeHue — Pems YOePHcUGAHUA NOKA3Al, Umo é nepeyio ouepeos oe-
CMPYKYUU NO0GEP2AIONMCA UELTI1034 U 2eMUNEILTII03bl 00pa3ya Guomaccel, a JUZHUH 6C/1e0-
cmeue apomMamuyecKoil npupoosl A6AAemca mepmuiecku 6onee cmadurbHvIM. AHanu3 3agucu-
MOocmU KOMHOHEHmM dUoMaccvl — RPOOYKMbl OKUCTUMETbHO MEPMOOeCmPYKYUU HOKA3A, YO
6 MACCOBOM OMHOWIEHUU ROJIUCAXAPUObL U JTUZHUH 00paA3yiom NPUMEPHO 00UHAKO060e KoJluye-
cmeo npooykmos (45 u 49% coomeemcmeenno) npu Imom cocmae npoodyKnmoe 0ecmpyKuuu no-
aucaxapuooe paznooopasuee (23 u 16 naumenosanuii coomeemcmeenno). Ilokazano, umo nepe-
YeHb nPOOYKmMoe OKUCIumenbHol mepmodecmpyxuuu ouomaccot Heracleum sosnowskyi Manden
COnOCMAagUM ¢ NPOOYKMAMU MEPMULECKO20 PA3N0NHCEHUA TUZHOUETION03HBIX MAMEPUAL08 OpPY-
2020 Oomanuueckozo npoucxoxcoenusn. Pesynomamut npedcmasnennozo uccinedosanus mozym
ObImb UCNONB30BARBL NPU PACYEHAX RPOUECCO8 U YCIAHOBOK 07151 CHCUSAHUA MONTIUGHBIX ZPDAHYIT
uz ouomaccer Heracleum sosnowskyi Manden wau kombunuposannozo cocmasa, a maxice
OUEeHKU KOMNIEKCHO20 IKOI02UHECKO20 GAUAHUA MEXHOI02UN IHEP2EMUUECKO20 UCNONb30BAHUSA
ouomaccot 6opuiesuxa CocHOBCKO20 HA amMocghepHbLIL 6030yX.

KuaroueBble ciioBa: 6uomacca Heracleum sosnowskyi Manden, ToriuBHbIE IpaHyJibl, OKHCIUTEIbHAS
TEPMOJIECTPYKLUS, XPOMATO-MaCC-CIIEKTPOMETPUS], BPEMsI YAECPKUBAHMSI, KOMIIOHEHTHBIM COCTaB IPOIYKTOB
JeCTPYKIUH
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The component composition of oxidative thermal degradation products of Heracleum sos-
nowskyi Manden biomass was studied by chromatography-mass-spectrometry. The hogweed Sos-
novskyi biomass was collected on the territory of the village of Vylgort in the Komi Republic, dried
to an atmospheric-dry state, crushed to dr, < 0.25 mm and pressed with a force of 10 kN. Fuel pellets
were burned in the special device. The products of oxidative thermal degradation were captured
and analyzed on a gas-liquid chromatography with a mass-selective detector. As a result of mass
spectrums analysis, 39 low-molecular-weight products with a retention time of 6 to 79 min and a
percentage content of 0.4 to 12% were identified from 47 captured compounds. Qualitative and
guantitative analysis of the component composition of the degradation products showed that their
formation is directly related to the component composition of the biomass and is determined by the
content of cellulose, hemicellulose and lignin. Analysis of data on retention time of the degradation
products showed that cellulose and hemicellulose of the biomass sample are degraded priority,
while lignin is thermally more stable due to its aromatic nature. Analysis of data on products of
oxidative thermal degradation showed that in mass terms, polysaccharides and lignin are formed
as a percentage 45 and 49 respectively, while the composition of the products of destruction of
polysaccharides is more diverse (23 and 16 names). It is shown that the list of products of oxidative
thermal degradation of the Heracleum sosnowskyi Manden biomass is comparable to the products
of thermal decomposition of lignocellulosic materials of other botanical origin. The results of the
presented study can be used in the calculation of processes and installations for burning fuel pellets
from the biomass of the Heracleum sosnowskyi Manden or a combined composition fuel pellets.
As well as the results can be used to assess the complex environmental impact of the technology of
the energy use of the biomass of the hogweed Sosnowskyi on the atmospheric air.

Key words: Heracleum sosnowskyi Manden biomass, fuel pellets, oxidative thermal degradation,
chromatography-mass-spectrometry, retention time, component composition of the oxidative thermal degra-
dation products
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INTRODUCTION 0.25 pum), maximum detector sensitivity — EI, SCAN:
1 pg OFN m/z 272 S/N > 1500. The components were
identified automatically by analogy with the known
mass spectra of the samples stored in the NIST 08 da-
tabases. The biomass of Heracleum sosnowskyi Man-
den, in addition to biopolymers - cellulose — 44% and
lignin — 21-23 %, contains polysaccharides, proteins,
tannins (tannins), essential oils, glutamine, carotene,
vitamins C and E, folic acid, galactan, araban, furano-
coumarins, macro- and microelements [2-6].

Pectin polysaccharides ~ 17%, of which 12.5%
extracted by ammonium oxalate contain 83% gly-
curonic acids (up to 85% galacturonic acid), 4.7% ga-
lactose, 2.6% arabinose, 3.7% rhamnose, 0.6% xylose,
2.6% glucose, 0.5% mannose, as well as arabinogalac-
tan proteins ~ 2% in the pectin-protein complex [7, 8],
4% furanocoumarins (xanthotoxin — 1.15%, bergapten —
1.04%, umbelliferone — 0.83%, angelicin — 0.63%,
sphondin — 0.35) [9], essential oils of most cow hog-
weeds are represented mainly by monoterpenes, ses-
quiterpenes and esters.In Sosnovsky hogweed, their
number is up to 1%, the main components are p-cymol —
0.48%, terpinolene — 0.17%, limonene — 0.14%, and
y-terpinene 0.082. In all species, by the end of the
growing season, the content of esters increases and the
amount of monoterpenes decreases [10].

RESULT AND DISCUSSION

From the standpoint of the priority of high en-
vironmental and economic efficiency, plant raw mate-
rials have established themselves as an efficient energy
fuel. Pellets and briquettes have strongly entered into
use, and become an integral part of the fuel and energy
complex. Thus, the environmental problems of the
woodworking and agricultural industries are success-
fully solved by recycling the resulting waste. Despite
the universality of the technology of energy use of
plant raw materials and its renewable nature, the lack
of data on the adverse effects of combustion products
on atmospheric air limits the possible use of Sos-
novsky hogweed [1]. Thus, the study of the composi-
tion and amount of products of the oxidative thermal
destruction of the biomass fuel of the Sosnovskyi hog-
weed is actual.

OBJECT AND METHODS

Fuel pellets from shredded biomass of Sos-
novskyi hogweed, dried to an atmospheric dry state,
dm < 0.25 mm, pressed with a force of 10 kN, were
combustion in installation for the experiment consisting
of an electric tube furnace (quartz tube diameter 10 mm,
heating rate 20 °C per minute for 30 min up to 600 °C —
minimum combustion temperature) and cryo-trap
(methanol, chemically pure, 2 ml, temperature -25 °C).
The products of oxidative thermal destruction were an-
alyzed on a gas-liquid chromatography with a mass-
selective detector GCMS-QP2010 ULTRA, Shimadzu.
Conditions: carrier gas — helium, flow rate — 1.1 ml/ min,
temperature gradient from 60 to 200 °C for 5 min, ca-
pillary column - DB-5ms, Agilent (d = 0.25 mm, 60 m,

Low molecular weight products mixture com-
position of oxidative thermal destruction and their per-
centage were estimated by the retention time and the
peak area on the ion chromatogram (Table 1, 2).

Table 1
Retention time of the oxidative thermal degradation products of Heracleum Sosnowskyi Manden biomass
Taﬁﬂuua 1. Bperl Yiep:KuBaHusl KOMIIOHEHTOB CMECHU NMIPOAYKTOB OKHCJIUTEJIbHOM TePMOACCTPYKINH oroMacchl
oopuieBuka COCHOBCKOTO

Compound Molecular Structural formula Retentlpn
Formula time, min,
1 2 3 4
OH
glycerin C3HsgO3 o ox 5.94
1-acetoxy-2-butanone CeH1003 /‘T’\’L‘ 6.63
-O /m
furfural CsH402 - ‘Uq\‘? - 7.73
1,3-diethoxy-2-propanol C7H1603 HECLmoe ”:_:‘]E_L HerOmCiLcll 8.22
furancarbaldehyde-3 - c;H
(furfural isomer) CsHa0: q_] ° 8.33
2-hydroxymethylfuran CsHeO, @gg 8.94
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1 2 3 4
HsC,
xylol CaHio Ocm 9.60
0
2-cyclopentene-1,4-dione CsH402 O:CF 10.11
styrene CsHs QCH:CHJ 10.42
CH,
2-methyl-cyclopentene-2-one-1 CgHgO o ;@ 11.03
@}
2-acetylfuran CeHeO: @”‘"’E 11.19
y-crotonolactone C4H402 C\Ao 11.28
not identified — 11.44
o
cyclopentanedione-1,2 CsHs0; @o 11.67
5-methylfurfural CsHsO, A o 13.64
CH,
3-methyl-cyclopentene-2-one-1 CgHgO o:<j 13.78
phenol CHsO QOH 14.34
3—hydroxfyd|hydr0—2(3H) - C.HeOs & 1481
uranone OH
0]
2-hydroxy-3-methyl-2-cyclo- CoHsO, OH 17.02
pentene-1-one
CHs
OH
o-cresol C7HsO @/C”E 18.60
OH
m-cresol C7HsO @\ 19.84
CHy
HO.
guaiacol C;HsO» H3C,0@ 20.93
0]
pentanal CsH100 HeTTY 21.11
tetrahydropyran-2-methanol CeH1202 Q/OH 27.13
HO.
4-methylguayacol CsH100; H’C’ODCH* 27.68
2-methylpropyl ether of 2- He~Cr-cl
methylpropanoic acid CotaeO; tr OO 2179
[o]
1,4:3,6-dianhydro-a-D- CeHeOs A 28.60
glucopyranose yo 00
not identified — — 29.83
not identified — — 31.50

ChemChemTech. 2022. V. 65.N 5
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1 2 3 4
2,3-dihydroxy-1- HOy o
methoxybenzene CrHeOs HQCO‘@ 3213
hydroguinone CeHsO2 no{ Y-on 32.70
HO
4-vinylguayacol CoH1002 Hﬁ—oDCH:CH; 35.69
HO —CH,
syringol CsH1003 HSC,OD 38.09
OH
Vanl“ln C8H803 OEQOO,CPL 4113
H
H;C-0O
1,2,4-trimethoxybenzene CoH1,03 HsCODOCHs 44.17
HC,o S _CHs3
isoevgenol C10H1202 ’ :@A/ 44.35
HO
HO—- hy
levoglucosan CesH100s o /0 45.52
OH
not identified — — 49.04
not identified — — 49.30
O-CH;
3,5-dimethoxyacetophenone C10H1,03 H3COQCCH 51.30
(H) 3
not identified — — 53.52
not identified — — 56.30
Oy _H
lilac aldehyde CoH1004 é\ 56.70
H,CO OCH,
OH
HO. O-CH;
6-methoxyevgenol C11H1403 H;C—OQ 59.00
CH,-CH=CH,
O~__CH,
acetosyringol C10H1204 60.76
H,CO OCH;,
OH
not identified — — 62.79
y-stearolactone Ci18H3402 ) MN 78.91

A total of 47 compounds were caught, of
which 39 were identified. All compounds are degrada-
tion products of cellulose, hemicelluloses, and lignin.
Analysis of the compound — retention time dependence
showed that hemicelluloses and cellulose undergo de-
struction first of all, while lignin is thermally more sta-
ble due to its aromatic nature. The thermal stability of
cellulose depends on the degree of crystallinity and the
content of low molecular weight polysaccharides and
lignin. The higher the degree of crystallinity, the lower
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the degree of delignification and the content of poly-
saccharides, the higher the thermal stability of the sam-
ple [11-13]. The degree of crystallinity of cellulose
from the biomass of Heracleum sosnowskyi Manden
averages 70 £ 2% [3], a typical value for cellulose sam-
ples of various botanical origin is 50-80% [14-16].

The chemical nature of the components of the
biomass of Heracleum sosnowskyi Manden certainly
predetermines the component composition of the prod-
ucts of oxidative thermal destruction (Table 2).
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45% of all captured compounds are formed
due to the destruction of hemicelluloses and cellulose,
forming the largest amount of furancarbaldehyde-3, 2-
methylpropyl ester of 2-methylpropanoic acid, y-
crotonolactone, 2-hydroxymethylfuran, pentanal and
levoglucosan, etc. The component composition of the
destruction products is comparable with the literature
data for polysaccharides [17-19].

49% are lignin degradation products, most of
which are syringol, guaiacol, 3,5-dimethoxyacetophe-

I.N. Polina et al.

none and 4-vinyl guaiacol, etc.The component compo-
sition of the destruction products of this part of the bi-
omass is comparable with the literature data for lignins
of various origins [18-22]. The reliability of the identifica-
tion results is also indicated by the ratio of the main mon-
omeric structural units of lignin G:S:H = 45.2:45.0:9.8,
calculated on the basis of Table 2, which correlates
with the data [4], confirmed, among other things, by
other methods.

Table 2

Component composition of the oxidative thermal degradation products of Heracleum sosnowskyi Manden biomass
Taonuya 2. KoMIOHEHTHBIH COCTAB CMeCH NPOAYKTOB OKHC/JIUTEIbLHONH TePMOAeCTPYKIMH OMOMAacChl 00pLIeBHKA

COCHOBCKOTO
Original compound COMPOUND QUANTITY, % >, %
1 3 4
furans
furancarbaldehyde-3 6.37
(furfural isomer) '
2-hydroxymethylfuran 4.24
3-hydroxydihydro-2(3H) - furanone 1.10 13.14
2-acetylfuran 0.58
5-methylfurfural 0.46
furfural 0.39
lactones
y-crotonolactone 4.38 6.35
y-stearolactone 1.97 '
ketones
cyclopentanedione-1,2 0.80
2-cyclopentene-1,4-dione 0.53 234
3-methylcyclopentene-2-one-1 0.52 '
2-methylcyclopentene-2-one-1 0.49
cellulose, hemicelluloses aldehydes
: pentanal | 3.43 | 3.43
esters
2-methylpropyl ether of 2-methylpropanoic acid 4.94
1-acetoxy-2-butanone 2.44 9.21
tetrahydropyran-2-methanol 1.83
alcohols
1,3-diethoxy-2-propanol 2.39
: 3.65
glycerin 1.26
enols
2-hydroxy-3-methyl-2-cyclopentene-1-one | 1.73 | 173
carbohydrates
levoglucosan 3.10 416
1,4:3,6-dianhydro-a-D-glucopyranose 1.06 '
hydrocarbons
styrene 0.67
xylol 0.62 129
> 45.30
G-unit
guaiacol 7.30
lignin 4-\/_|nylguayacol 4.95 18.49
isoevgenol 2.40
vanillin 1.58
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1 2 3 4
4-methylguayacol 1.28
2,3-dihydroxy-1-methoxybenzene 0.98
S-unit
syringol 11.98
6-methoxyevgenol 2.92
acetosyringol 1.92 18.39
lilac aldehyde 1.57
lignin H-unit
phenol 1.36
m-cresol 1.11
hydroquinone 1.02 4.00
o-cresol 0.51
other
3,5-dimethoxyacetophenone 5.87 8.12
1,2,4-trimethoxybenzene 2.25 '
¥ 49.00
¥ 94.30

CONCLUSIONS

The qualitative and quantitative composition
of the products of the oxidative thermal destruction of
the biomass of Heracleum sosnowskyi Manden was de-
termined by the method of gas chromatography-mass
spectrometry.

Identified 39 (94.30%) low molecular weight
components, which are products of the destruction of
hemicelluloses, cellulose and lignin.

The largest number of identified compounds:
furancarbaldehyde-3 (6.37%), 2-methylpropyl ester of
2-methylpropanoic acid (4.94%), y-crotonolactone
(4.38), 2-hydroxymethylfuran (4.24%), pentanal (3.43)
and levoglucosan (3.10%), syringol (11.98%), guaia-
col (7.30%), 3,5-dimethoxyacetophenone (5.87%) and
4-vinyl guaiacol (4.95 %).

It was shown that hemicelluloses and cellulose
undergo destruction first of all, while lignin is ther-
mally more stable.
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The component composition of the products of
oxidative thermal destruction directly depends on the
component composition of the biomass and is deter-
mined by the content and structure of cellulose, hemi-
celluloses and lignin.
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