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B cmambe onucana mexnonozuieckasn 603MOHCHOCHLb U OAHA YCO0GHAA CXeMA NOTYYEHUA
Ha OCHOGe Y271e600HOIl Yacmu HelmpaabHO20 TUZHOCYTb(HOHAMA MAKUX NOJIE3HBIX RPOOYKM 08, KAK
dypdypon, pypan, mempazuopogypan, ceoiicmea Komopvix umerom pao CyuiecCmeeHHvIX Puuxo-
XUMUYECKUX OMJIUYUIL OM C8OICME TUZHOCYNb(OHAMA, NOIYUAeMOo20 8 pe3yibmame Cyab(UmHbIX
eapok. B cmamue paccmampuegaromes ocodeHHoOCHU GPOMAMUYECKOIL U Y2/1€600HOU COCHAGNAIOUUX
HelmpanbHbIX TUZHOCYTIbHOHANM 08, MOHOMEPHDLE 36CHbA APOMAMUUECKOU Yacmu, CIMPYKmypa no-
AUCAXAPUOHBIX KOMNOHEHMOG Y2/1€600HOIl YACMU, A MAKIHCe TUZHOY2/1€600HOI MAMPULbL, XaAPAKMe-
pusyrouieii ux couemanue 6 MaKkpomosuexyne auzHocyasvponama. Ha smom ocnosanuu usyuena u
IKCHEPUMEHMAIbHO Peanu308aHa 803MOMHCHOCHb UChOIb306aHusn Heimpanbvhblx JICT ¢ kauecmee
neHmo3ancooepcamezo colpba. B ykcnepumenmanvHoil uacmu cmamsu nPedloHceHa MemoouKa
¢pakyuonuposanua nuzHocynbhonamos, 8 nawiem cayuae AUZHOCYAbPOHAMOE HEUMPATLHO-CYlb-
ummnozo cnocoba oenucnuguxayuu opesecrozo colpva. Ilpoodvt nelimpanvHozo nuzHOCYIbOHAmMA,
KOMOpbwlil AGNANCA 00bEKMOM UCCe006AHUA, NOOBEP2ATU WieTIOUHOMY 2UOPOIU3Y, HOCIe Ye20 npo-
éo0unu (hpakyuonuposanue MemoooM IKCKIIO3UGHOU Xpomamozpaduu unu 2env-guismpayuu Ha
Cegpaoekce mapku 100. B kauecmee rnoenma ucnonv3osanace 6ooda. Opaxuyuu omoupanuce no 00v-
emy, cocmaeg pakuyuii, KaK apomMamuyecKoil, maxk u yzieeo0Holl onpeoensaiu memooom Y D-cnex-
mpockonuu. Kpumepuem cocmasa ¢ppaxyuu aenanoce nanuyue uiu omcymcmeue nUK08 Ha cnek-
mpozpamme ¢ 061acmu OIUH 80JIH, XAPAKMEPHBIX 0718 2UOPOKCUTIbHBIX (PEHOTBHBIX ZPYRI APOMAMU-
YecKoll 4acmu HelmpaibHblX AUSHOCYAb(HOHAMO8 U MOHOCAXAPUOO0E8 Kiacca nenmo3. Ooveounen-
Hble noaucaxapuonsle Qpaxyuu, npeocmasienHvle, 8 0CHOGHOM, Kcuilanamu (neHmo3annl), nooeep-
2aauch IKCMPAKYUU 8 OP2AHUUECKUIl PACMEOPUmMENb ¢ HOCNeOYIouiell PA32OHKOI U Omoopom no
memnepamypam Kunenusa gypauncooepicauwjux coeounenuii. Cocmaenen mamepuanvhulii dananc
npouecca NOayueHUs NPOU3BOOHBIX Pypana HA OCHOBE NEHMO3AHCOOEPICAWE COCMABAIOU eIl
HelMpanbHbIX TUZHOCYTbHOHAMOG.

KiroueBble cjioBa: TUrHOCYIb(OHAT, IUTHOYTIIEBOJHAS MaTpULa, relb-(QUiIbTpaLus, eHTO3aHbl, Qy-
PaHIPON3BOIHEIE
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The article describes the technological possibility and gives a conditional scheme of obtain-
ing, based on the carbohydrate part of neutral lignosulfonate, useful products such as furfurol,
furan, tetrahydrofuran, properties which have a number of significant physicochemical differences
from the properties of lignosulfonate obtained as a result of sulphite brews. The article discusses
features of aromatic and carbohydrate constituents of neutral lignosulfonates, monomeric units of
aromatic part, structure of polysaccharide components of carbohydrate part, as well as lignocar-
boxylic matrix characterizing their combination in macromolecule of lignosulfonate. On this basis,
the possibility of using neutral LSTs as pentose-containing raw materials was studied and experi-
mentally realized. The experimental part of the article proposes a method of fractionation of ligno-
sulfonates, in our case lignosulfonates of the neutral-sulfite method of delignification of wood raw
materials. Samples of the neutral lignosulfonate that was the subject of the study were subjected to
alkaline hydrolysis, after which fractionation was carried out by exclusive chromatography or gel
filtration on Sephadex grade 100. Water was used as eluent. Fractions were taken by volume, the
composition of fractions, both aromatic and carbohydrate, was determined by UV spectroscopy.
The criterion for the composition of the fraction was the presence or absence of peaks on the spec-
trogram in the wavelength region characteristic of the hydroxyl phenolic groups of the aromatic
part of neutral lignosulfonates and monosaccharides of the pentose class. The combined polysac-
charide fractions represented mainly by xylanes (pentosans) were extracted into an organic solvent,
followed by distillation and boiling of the furan-containing compounds. Material balance of the
process of producing furan derivatives based on pentose-containing component of neutral ligno-
sulfonates is drawn up.

Key words: lignosulfonate, lignocarboxylic matrix, gel filtration, pentosanes, furan derivatives

l];.]'[fl IIPITPIpOBaHl/lﬂ:
Yetseptrena 1.A., Kapumos O.X., TenrepeBa I'.A., babaes 3.P., Tuac H.C., Moscym3azne 3.M. Hcnonap30BaHue MEHTO-
3aHCcoepKameil (ppakuy HEUTPaTbHBIX JUTHOCYIB(MOHATOB IS TONXYYEHUsS MPOU3BOAHBIX (QypaHa. /36. 8y308. Xumus u
xum. mexnonoeust. 2021. T. 64. Beim. 2. C. 73-80

For citation:
Chetverneva I.A., Karimov O.Kh., Teptereva G.A., Babaev E.R., Tivas N.S., Movsumzade E.M. Use of pentosan-containing
fraction of neutral lignosulfonates for obtaining furane derivatives. Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. [Chem-
ChemTech]. 2021. V. 64. N 2. P. 73-80

74 W3B. By30B. XumMus u xuM. TexHonorus. 2021. T. 64. Beim. 2



It is known that LST is the lignin derivative.
LST is a by-product of wood pulping (delignification)
and the main substance of sulfite liquor. The composi-
tion of sulfite liquor is complex and quite diverse,
moreover, it highly depends on the method for deligni-
fication of wood.

The lignin macromolecule is a symbiosis of ar-
omatic and carbohydrate components connected by
various bonds and it can be represented as a product of
polymerization of p-hydroxycinnamic alcohols — p-
Coumaryl (1), Coniferyl (1) and Sinapyl (I11), which
are primary structural units of lignin [1-4].

The formation of the lignin macromolecules in
a plant (lignification) is a system of complex biologi-
cal, biochemical and chemical processes. The carbohy-
drate part of the macromolecule is cellulose and hemi-
cellulose [4, 6, 8].

In chemical terms, the following substances
can be considered as analogs of these components: for
lignin — phenol, vanillin, guaiacol; for cellulose — glu-
cose; for hemicellulose — arabinose and xylose (pen-
tose), galactose and mannose (hexose), which is re-
flected by the structure diagram of the ligno-carbohy-
drate matrix [5, 6, 8].

It is seen that the structure of the ligno-carbo-
hydrate matrix is due to the presence of hydrogen, car-
bon-carbon, ether chemical bonds of aromatic and car-
bohydrate components. Since cellulose and lignin are
thermodynamically incompatible substances, they
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form microheterogeneous zones surrounded by hemi-
cellulose gel [6, 8, 9, 11]. It is known that if two com-
ponents are incompatible, then when a third which is
compatible with each of the two separately, is added,
the incompatible components become compatible.

Among the wood components, hemicelluloses
seem to be the third component that contributes to the
compatibility of incompatible biopolymers — cellulose
and lignin.

In this case, hemicelluloses play the role of
compatibilizers due to the formation of a transition
layer on the surface of elementary cellulose fibrils and its
limited thermodynamic compatibility with lignin [6, 8, 9].

In fact, this is a polymer composition, the me-
chanical strength of which is imparted by the interlock-
ing of segments of lignin and hemicellulose macromol-
ecules both with each other and with cellulose.

Thus, in general, according to K. Freudenberg,
the lignin formula, which takes into account the pres-
ence of both aromatic and carbohydrate components
[4, 11].

During sulfonation in the process of delignifi-
cation, the sulfogroup HSOs- occupies the a,  or y po-
sition in the propane chain of lignin (PPU) [1-4, 11].

The objective of the research is the practical
separation of the carbohydrate component of LST (lig-
nin sulfoderivative) from the aromatic part by gel-fil-
tration method. The production of lignin sulfoderiva-
tives — LSTs from wood raw materials can be repre-
sented by the following block diagram (Fig. 1):

The mainproduct-cellulosic product

ft

Sulfite pulping to 135-150°C, 4-12 hours. By-product - sulfite The carbohydrate
Active agent HSO, - Selection ofthe : liguer (main substance :> componentis
targetproduct 45-55%, -lignosulphonate) represanted mainly by

Preparation of wood raw mannnse (48%)

materials (debarking,
chopping, etc. Neutral sulfite pulping at 160-180°C, 20- By-product - neural The carbohydrate
24 hours. Active agent S0, Selectionof [ > sulfite liguar (the main [ componentis
the targetproduct B0-55% substanceis represanted mainly by
lignosulfonais) xylose(82%)

The mainproductis callulase product

Fig. 1. Distinctive features of the carbohydrate part of LSTs obtained by various methods of delignification of wood raw materials
Puc. 1. OtnuuuTenbHble 0COOCHHOCTH YIIICBOAHOM YaCTH JIMTHOCYIb()OHATOB, MOMYUYSHHBIX Pa3IMuHBIMHU CIIOcO0aMH eI HU(HKa-
[l APEBECHOTO ChIPhs

During sulfite pulping wood hemicelluloses al-
most completely turn into the composition of the target
product in the form of monosaccharides [5, 10, 16-20].
During neutral sulfite pulping, hemicelluloses almost
completely remain in the composition of sulfite liquor
as polysaccharides. This is a significant difference be-
tween the carbohydrate part of the LSTs obtained by
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the sulfite and neutral sulfite methods of wood raw ma-
terials pulping [1, 2, 10, 11, 16, 17].

Earlier it was found that carbohydrate part in
the composition of LSTs obtained by the neutral
method was represented mainly by xylans (pentosans).
The gquantitative content of xylans in LSTs of sulfite
and neutral sulfite pulping is shown in Fig. 2.
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Mannose 48%
Xylose 22%
Glucose 9%

Arabinose 6%

Rhamnose 5%

Manno3za 48%
Kcumnoza 22%
I'moxo3a 9%

ApabuHo3za 6%
Pamuo3za 5%

Manno3za 2%
Kcunoza 82%
I'mrokoza 4%
ApabuHo3za 5%
Pamuo3a 2%

Mannose 2%
Xylose 82%

Glucose 4%
Arabinose 5%
Rhamnose 2%

Fig. 2. Composition of monosaccharides of a carbohydrate part of the lignosulphonates received by cookings: a) sulphitic and b) neu-
trally sulphitic
Puc. 2. CocraB MOHOCaXapHIOB YTJICBOIHON YaCTH JIMTHOCYIIb()OHATOB, MOIYYCHHBIX BApKaMH: a) CY/Ib(GUTHOM U D) HelTpaabHO CYIbGUTHOI

This confirms the presence of a significant
amount of monosaccharides of the pentosan class — xy-
lose (CsH100s), in the carbohydrate part of neutral
LSTs, which suggest that neutral LSTs is a promising
pentosan-containing raw materials containing the pol-
ysaccharide xylan. One of a number of known practical
components here is the possibility of obtaining, as a re-
sult of the hydrogenation of hemicellulose hydroly-
sates of pentosan-containing raw materials, xylite —
CH;0OH(CHOH);CH,0H — a polyhydric alcohol (pen-
tanpentanol), widely known and used for many dec-
ades in pharmaceuticals and medicine as a sugar sub-
stitute [12].

With the aim of practical use of the pentosan-
containing fraction of neutral LSTs isolated as a result
of fractionation by the gel filtration method, the prepa-
ration of furan derivatives has been successfully tested
in laboratory conditions [13, 14]. The separation of ar-
omatic and carbohydrate components was carried out
on Sephadex 75, 100, 150. It was taken into account
that each brand of Sephadex fractionated high-molec-
ular substances in a certain limit of molecular weights.
So, large-porous gels G-25, G-50 mainly fractionate in
the low-molecular-weight region. Fine-porous ones
G-100, G-200, having a wider range of fractionation,
mainly separate the high-molecular part, therefore it is
recommended to use a mixture of Sephadex 75, 100,
200 in a ratio of 25:25:50. Fractionation by the gel fil-
tration method is based on the fact that fractions of LST
with a lower molecular weight are successively washed
out (eluted) with solvents from the swollen Sephadex
gel [13, 14].

When a prepared LST sample is eluted through
Sephadex (alkaline hydrolysis, pH 8.0-8.5), water is
used as a solvent.
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The separation technique by gel filtration
method is as follows:

1. 3 ml of 1% LST solution is added to a col-
umn of 500 mm length and 16-20 mm diameter, filled
with Sephadex pre-swollen in a water bath or Sephadex
mixture.

2. The sample is placed on the surface of the
wet gel and immediately after its penetration into the
gel is poured with a solvent and elution continues until
all the colored solution leaves the column.

3. Fraction samples are taken by an automatic
collector, which rotates after a certain time, substitut-
ing the next test tube. The selection of fractions begins
immediately after applying the LST sample to the gel.

4. After the end of the fractionation, the vol-
ume of each fraction is measured with a 5 ml measur-
ing cylinder and its optical density is measured on a
spectrophotometer in 1 ml layer thickness ditch.

5. A curve representing the molecular weight
distribution of a given LST sample is plotted. The val-
ues of the optical density Dj of each fraction are plotted
on the ordinate, and, the number of milliliters corre-
sponding to the volume of the elute taken from the be-
ginning of the experiment to the j fraction (XVj), half
the volume of the j fraction (0.5 Vj) on the abscissa.

The ratio of fractions obtained by gel filtration
method is 48-55% for the first fraction (aromatic alco-
hols), 25-30% for the second (pentosans). The separa-
tion of the carbohydrate part was controlled on
SPECS-700 device at a wavelength of 280 nm, charac-
teristic for the aromatic part (phenolic hydroxyl groups
of coniferyl alcohol — LST PPU) [2, 13, 14].

The separation process by gel filtration method
can be represented by the following block-diagram

(Fig. 3):
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Pr om of Filling the columm with a nentral LST Washing the column with LST
:t]];r:tp:.lnc m; - aa.ml:lellrdr:ﬁ?iu: anallaline [="4 sample with portions of the eluate
Combining fractions by the
presence or ahsEncC el = Melsu.ringnpﬁcl.! density of each = Automatic selecﬁn.nof fractions
characteristic peaks fraction by function
Direction of pentosan-containing
fraction as raw materials for
further processing

Fig. 3. Basic technological scheme of the separation of neutral LST with the isolation of the pentosan-containing fraction
Puc. 3. [IpuHnmnuaneHas TeXHOJIOTHIECKas cxeMa paszjaeneHus HeiTpaiabHbeIX JICT ¢ BbIIeIeHHEM ITEHTO3aHCoAepKaIeH (paKIiu

The process of obtaining furan and its deriva-
tives from LST obtained by neutral method, carried out
by us in laboratory conditions, boils down to several
main stages:

1. preparation of raw materials:

stirring neutral LST sample, quartering a sam-
ple weighing at least 500-600 g;

2. fractionation of raw materials:

neutral LST sample weighing 100 g was
treated with a weak alkali solution (5% NaOH solu-
tion) to pH 8.0 and fed into a pre-prepared glass col-
umn of 2 cm diameter, filled to 2/3 of its volume with
Sephadex-100 granules for fractionation. The essence
of the gel filtration process consisted in the priority
passing aromatic alcohol molecules between the Se-
phadex granules —fraction 1 was selected. Xylose mol-
ecules penetrated into the Sephadex granules and, after
washing with hot water (40 °C), formed the following
fractions. The selection of fractions was carried out ac-
cording to the volume of the outflowing liquid (no
more than 15-20 ml) into replaceable receivers. After
analyzing all the selected fractions by the UV method
at a wavelength of 280 nm, we combined those frac-
tions where there were no peaks characteristic for aro-
matic alcohols in the spectra. In percentage terms, this
volume was about 30-32%;

3. preparation of a pentosan sample:

the obtained fractions of pentosans were
mixed, quartered, there was taken a sample weighed 5 ¢
(accurate to 0.01 g)

5. stage of separation and dehydration:

the hydrolysis product was placed into 500 ml
separating funnel, in the case of the appearance of a
phase boundary, the lower layer, after settling, was re-
moved; the upper layer was poured into a 500 ml heat-
resistant conical flask 2, and then xylose was dehy-
drated with 15 ml sulfuric acid on iron Il chloride cat-
alyst for 7-10 minutes at room temperature until the
smell of rye bread characteristic of furfural appeared
[12, 15];

6. extraction stage:

the formed furfural was extracted into the or-
ganic layer in flask 2 by adding 100 ml of toluene. Two
layers were obtained: organic and aqueous, where
there furfural was too. The aqueous layer was returned
to stage 3 (recycling), preliminary qualitative reactions
for furfural were carried out [17-20];

7. stage of separation of furfural:

the volume of the organic layer was measured
and transferred to a round-bottom flask 3 and distilla-
tion was carried out at boiling points with the selection
of fractions of furfural and related products, taking into
account that the boiling points are, respectively: furan
— 31.4 °C, tetrahydrofuran — 66 °C, toluene — 110 °C.
Furfural, the boiling point of which is 161 °C remained
in the residue in flask 3.

Thus, the basic block diagram of the isolation
of furan derivatives from the pentosan-containing frac-
tion of neutral LSTs is (Fig. 4).

and dissolved in Pﬁfﬁﬁﬁﬁ;ﬂm = Fractionation of rm%} ;ﬂf&iﬁﬂ;ﬂ " Solid-liquid phase
250 ml of water at filtration process materials separation stage
room temperature {}
in a 500 ml heat-re- - —
sistant conical flask mm:;"e;’:ﬂﬁﬁm - Stageofextraction | +| Xylosedehydration stage
(flask 1); fraction of neutral LST into the organic layer

4. hydroly- Fig. 4. Basic technological scheme for obtaining neutral LST

sis of pentosans to pentoses (xylose) was carried out in
flask 1 with heating to 200 °C for 1.5 h to a volume of
150 ml;

ChemChemTech. 2021. V. 64. N 2

from the pentosan-containing fraction
Puc. 4. [IpunnunuansHas TEXHOIOTMYECKas CXEMa MOJIydCHUS U3
neHTo3ancoaepkamei Gpaknun HeirpansHeix JICT
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Table

Material balance of the dehydration process of pentosan-
containing fraction in the composition of neutral LST
Tabauya. MatepuaJibHBIIA 0aaHC NpouLecca Aeruapa-
TauuMN NeHTo3aHcoAepxkamlell ppakuum B cocrase

HEHTPAJbHBIX JIHTHOCYJIb(OHATOB
Input w, % Output w, %
m, T m, T
mass mass
Stage 2. Fractionation of raw material by gel-filtration
method
1.Neutral so-
dium LST 100|100
2. Fraction 1
Aromatic 50 | 50
3.Fraction 2
polysaccharide 30 | 30
(pentosan-
containing)
4.Loss 20 | 20
Total 100| 100 Total 100 | 100
Stage 4. Pentosan-containing fraction hydrolysis
Pentosan 5 2
(xylan)
Water 250 1.Xylose | 150 | 65,4
98 3Loss | 105 | 346
(evaporation)
Total 255| 100 Total 255 | 100
Stage 5. Separation and dehydration
1.Hydrolized 1.Solid phase
product (xylose) 150 a1 10 6
2.Sulfuric acid | 15 9 Liquid phase| 150 | 91
3.Loss 5 3
Total 165| 100 Total 165 | 100
Stage 6. Extraction of furfural by toluene
1.Liquid pha}se 155| 608
after separation
2 Toluene [100| 392 | LOM9aNIC | 150 | 6o g
layer
2.Aqua I_ayer 100 | 39.2
(recycling)
3.Loss 0 0
Total 255 100 Total 255 | 100
Stage7. Extraction of furfural and intermediate products by
the method of distillation by boiling temperature
Organic Layer 1.Fraction 1
140 100 |Furan (31 15 | 10,7
OC)
2.Fraction
THF (66 °C) 15 107
3.Fraction 3
Toluene (110 50 | 35,7
OC)
4.Fraction 4
Furfural 50 | 357
(161 °C)
5.Loss 10 | 7,2
Total 140| 100 Total 140 | 100
Inall 915| 100 In all 915 | 100
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Based on the experiments, the material balance
of the process was compiled (Table).

Thus, totally 80 g of useful products — furan,
THF and furfural have been isolated from 155 g of xy-
lose solution, it makes 57% of the products in relation
to the raw material. Despite such poor results, we be-
lieve that this allows us to successfully solve the prob-
lem of increasing the level of demand and the use of
neutral LSTs, which today have become a low-demand
stockpiled waste of the pulp and paper industry. This
result can be considered quite acceptable and it trans-
forms neutral LSTs into the resource base of the do-
mestic pentosan-containing raw material component
for obtaining useful products.

However, in our opinion, the effect of terpenes
(wood extractives), which reduce the quality of furan
derivatives is promising, but not taken into account in
this study.

Thus, we have considered the possibility of ob-
taining furan from the carbohydrate fraction of neutral
LST. This can expand the scope of application of LSTs
and reduce environmental risks resulting from the low
demand for inactive neutral LST, which, as shown
above, is a valuable domestic pentosan-containing raw
materials.

CONCLUSIONS

It has been shown that the content of xylose in
neutral LSTs reaches 80% or more, which is almost
four times more than their content in sulfite LST,
which gives reason to consider neutral LSTs pentosan-
containing raw materials.

By the method of gel filtration fractionation of
neutral LSTs with a ratio of aromatic and carbohydrate
components of 48:30, respectively, has been imple-
mented, the loss (mixture of fractions) is about 25-
27%. There is observed increase in aromatic content
and decrease in carbohydrate content of sulfite LSTSs.

By the method of laboratory experiment the
possibility of isolating furan derivatives from the pen-
tosan-containing (xylose) fraction of neutral LSTs with
a yield of 57% has been established.

The laboratory-technological cycle has been
carried out and the working conditions for obtaining
furan and its derivatives have been selected.
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