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Alkaline treatment (4 and 6 hours) of hydrolyzed waste lignocellulosic materials was carried out. Monomeric phenolic

compounds: 2-methoxyphenol,  3-ethylphenol,

4-ethyl-2-methoxyphenol,
methoxybenzaldehyde, 4-hydroxy-3,5-dimethoxybenzaldehyde,

2,6-dimethoxyphenol, 4-hydroxy-3-
1-(4-hydroxy-3-methoxyphenyl) ethanone, 1-(4-

hydroxy-3,5-dimethoxyphenyl) ethanone, etc. were obtained. Toluene and ethyl acetate were used for extraction of the

monomeric products.
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INTRODUCTION

The chemical treatment of wood to produce
cellulose and monosaccharides is accompanied by
the production of about one third of its mass of
lignin-rich residue. The production of bioethanol
from raw materials has been increasing, and hence,
the utilization of lignin has started to attract
significant interest.

The alkaline hydrolysis of lignin results in its
depolymerization through the rupture of ether and C-
C bonds connecting the phenylpropane units. The
method leads to the production of low-molecular
weight monomeric phenols (2,6-dimethoxyphenol,
3,6-dimethoxy-4-hydroxy acetophenone, 4-
ethylguaiacol, 2-methoxyphenol, 4-ethyl-2-
methoxyphenol,  2-methoxy-4-propylphenol, 4-
methylcatechol, phenol, 4-hydroxy-3,5-
dimethoxybenzaldehyde, and 4-hydroxy-3-
methoxybenzaldehyde [1]. Waste lignocellulosic
biomass has been shown to be a suitable source of
monomeric  phenolic compounds [2]. The
monomeric and oligomeric lignin-derived products
have been produced by supercritical water treatment
of softwood and hardwood [3-5] and might be useful
for substituting the aromatic chemicals from fossil
resources.

In our earlier investigations, the antioxidation
effect of methoxyphenols produced from lignin was
demonstrated by the oxygen absorption of liquid
paraffin in a laboratory manometric installation [6]
and by determining the gasoline induction period
[7]. Furthermore, alkaline treatment is widely
applied in hydrolyzed residual lignin activation
aiming its utilization [8]. In the cited paper it was
found that the treatment with 5.0 % NaOH leads to
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the production of lignin products with the highest
hydrophilicity and the best porosity.

The aim of the present study was to investigate
the nature of the low-molecular products extracted
with a polar and a non-polar solvent from the liquid
phase after the alkaline treatment, from hydrolyzed
waste lignocellulosic materials. Steam explosion and
dilute acid hydrolysis were used as pretreatment
methods. Their application was followed by
enzymatic hydrolysis with cellulase enzyme
complex combined with B-glucosidase [9].

EXPERIMENTAL

The process conditions were determined based on
the results of our earlier investigations [10, 11]. The
determination of lignin was carried out according to
TAPPI standard test method T 222 om-11.

The alkaline treatment of hydrolyzed waste
lignocellulosic materials was carried out in stirred
autoclaves made of stainless steel, heated in a bath
of polyethylene glycol at 180 °C for 4 and 6 hours.
An aqueous solution of NaOH (5%) was used as a
depolymerization agent, at a ratio of waste materials
to aqueous NaOH solution of 1:8. The principal
scheme for the production of low-molecular
compounds from hydrolyzed waste lignocellulosic
materials is shown on Fig.1. The destructed lignin
suspension obtained by alkaline treatment was
filtered, and the quantity of solid residue was
determined. The dissolved part was precipitated by
acidification with HCI (2mol/L) to pH 1-2. The
volume of the liquid part separated by filtration was
reduced by rota evaporation. A triple extraction was
carried out at a toluene to water ratio of 1:5. The
toluene extract was dried up with anhydrous Na,SO4
and then filtered. The liquid phase separated after the
toluene extraction was subjected to a double
extraction with ethyl acetate at an organic to water
ratio of 1:5. The amounts of obtained extracts,
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insoluble residue, precipitated and non-precipitated
lignin were determined.

The compounds were identified by GC-MS
analysis with a KONIK gas chromatography unit,
model HRGC 5000B, equipped with a mass
selective detector, MS Q 12. A 15 m x 0.25 mm i.d.
capillary column KNK 5 with a film thickness of
0.25 um was used. The GC oven temperature was
held at 40 °C for 5 min and then programmed to
attain a temperature of 270 °C at a 10 °C/min
ramping rate. The injector temperature was 280 °C
with 20:1 split ratio. Helium was used as the carrier
gas at a constant flow rate of 1.3 mL/min. Typical
mass spectrometry operating conditions were as
follows: temperature of transfer line, 250 °C;
temperature of ion source, 245 °C; electron energy,
70eV.

RESULTS AND DISCUSSION

The lignin content determined in the hydrolyzed
waste lignocellulosic materials is shown in Table 1.
The yield of products from the alkaline treatment of
hydrolyzed waste lignocellulosic materials is shown
in Table 2. During alkaline treatment, 55 to 75% of
the starting material became soluble (Table 2). These
values include both solubilized lignin and
hydrolyzed polysaccharides. Some cellulose and
lignin remained as insoluble residue. The main
portion of lignin was destructed and dissolved in the
alkaline solution. From the solution, after
acidification, alkaline activated lignin  was
separated; the liquid phase contained low-molecular
phenol compounds (LMPC) from the decomposed
lignin.

It was found that by increasing the process
duration, enhanced yield of monomeric compounds
was obtained.

[ Autoclave batch reactor J

50 g lignocellulosic materials
400 ml (5 % aqueous solution of NaOH)

4h, 180°C
Speed 50 rpm

[ Slurry product J Filtration; Water wash

/\
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(2 mo/l) to pH 1-2;
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[ Insoluble residue J
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Fig. 1. Scheme for production of low-molecular compounds from hydrolyzed waste lignocellulosic materials.
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Table 1. Lignin content in hydrolyzed waste lignocellulosic materials

Waste materials from Lignin content

[%]
Acid (130°C) and enzymatic hydrolysis of wheat straw 40.2
Steam explosion (190°C) and enzymatic hydrolysis of wheat straw 36.6
Acid (130°C) and enzymatic hydrolysis of maize stalks 42.7
Steam explosion (190°C) and enzymatic hydrolysis of maize stalks 38.3
Steam explosion (190°C) and enzymatic hydrolysis of paulownia 37.4

Table 2. Yield of products from the alkaline treatment of hydrolyzed waste lignocellulosic materials

Dissolved part

. ; Total yield
Unpreci-
Duration Undissolved _tpt d Toluene Ethyl of
of residue  Precipitated ~P'%€ extract 2R onomeric
Waste materials  treatment lignin part in the extract d
aqueous compounds
phase
[% of lignin
(V% (V% 0/ * 0/ * 0/n*
[h] [%*] [%*] [%*] [%*] [%] content]
Wheat straw
Acid 4 29.64 22.46 47.90 1.64 1.50 7.81
pretreatment
Wheat straw 4 44.53 25.14 30.33 1.88 3.68 15.19
Steam explosion
pretreatment 6 28.75 28.43 42.82 3.00 3.77 18.50
Maize stalks 4 36.44 16.48 47.08 0.87 213 7.02
Acid
pretreatment 6 27.83 26.49 45.68 3.97 3.30 17.02
Maize stalks
Steam explosion 6 29.26 21.60 49.14 3.27 3.74 18.28
pretreatment
Paulownia
Steam explosion 6 24.34 19.40 56.26 3.93 2.22 16.45
pretreatment

Note: * mass percentage of initial material.

With 4 h of alkaline treatment, the highest yield
of low molecular compounds was obtained by steam
explosion of enzymatic hydrolyzed straw (15.19%
mass of lignin). The highest yield of soluble and
precipitated lignin was obtained by this process. It
was found that the total yield of low-molecular
compounds with acid pretreatment is considerably
lower than the yield obtained with steam explosion
pretreatment. (7.81% mass of lignin for wheat straw
and 7.02% mass of lignin for maize stalks).
Probably, the acid pretreatment leads to some
condensation in the chemical structure of the lignin.

With 6 h of alkaline treatment, the highest yield
of low molecular compounds was obtained again by
steam explosion of enzymatic hydrolyzed straw
(18.50% mass of lignin). The yield obtained from
steam explosion of maize stalks was 18.28%,
followed by the yield from acid pretreatment of
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maize stalks (17.02%) and the yield from steam
explosion of paulownia (16.45 %).

Tables 3 and 4 present the low-molecular
compounds and their contents identified in the
toluene extracts and in the ethyl acetate extracts.

The following compounds were identified in both
extracts, but in different quantities: 2-
methoxyphenol, 3-ethylphenol, 4-ethyl-2-methoxy-
phenol, 2,6-dimethoxyphenol, 4-hydroxy-3-
methoxybenzaldehyde, 4-hydroxy-3,5-dimethoxy-
benzaldehyde, 1-(4-hydroxy-3-methoxyphenyl)
ethanone, 1-(4-hydroxy-3,5-dimethoxyphenyl)
ethanone, etc. The polar solvent ethyl acetate
extracts mainly carbonyl compounds, such as
ketones, aldehydes, and carbonic acids, which are
not extracted by toluene.

The main compounds extracted with toluene are:
2,6-dimethoxyphenol (from 13.7 to 46.4 Area %); 1-
( 4-hydroxy-3,5-dimethoxyphenyl) ethanone (from
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Table 3. Compounds identified in the toluene extracts

Wheat Wheat straw Maize Maize Paulownia
stalks
straw (Steam stalks (Steam (Steam
Compounds _Retentlt_)n (Acid) explosion) (Acid) explosion) explosion)
time, [min]
0 0, 0, 0
[Area,%] [Area,%] [Area,%] [Area,%] [Area,%]
4h 4h 6h 4h 6h 6h 6h
Unidentified compound 5.20 1.2 0.8 - - - -
Benzaldehyde 5.91 9.1 2.9 - 34 - - -
Phenol 6.71 5.7 15 - 1.8 - - -
Unidentified compound 7.67 8.9 4.2 - 4.7 - - -
Unidentified compound 7.80 13 - - - - - -
Unidentified compound 7.93 1.0 1.0 - 3.2 - - -
1,3-cyclopetanedione
2.4-Dimethyl- 8.33 2.6 2.4 - 1.8 - 4.0 -
2-methoxyphenol 8.85 22.8 242 232 159 146 16.2 11.6
Unidentified compound 9.43 - 1.2 - 12 6.6 3.9 11.7
3-Ethylphenol 9.92 1.8 3.8 - 3.8 - - -
4-Ethyl-2- 11.91 - 1.2 108 17 109 3.7 -
methoxyphenol
Unidentified compound 11.96 - - - - - 3.4 -
Unidentified compound 12.01 - - - - - 55 -
2,6-Dimethoxyphenol 12.89 13.7 165 29.2 232 2938 40.6 46.4
4-Hydroxy-3-
methoxybenzaldehyde 1352 2.9 9.1 i 2.1 i i i
1-(4-Hydroxy-3-
methoxyphenyl) 14.62 3.1 6.5 - 29 43 - -
ethanone
Unidentified compound 15.12 - 0.7 - - - - -
4-Hydroxy-3,5- i i i
dimethoxybenzaldehyde 16.63 11 14 18 44
1-( 4-Hydroxy-3,5-
dimethoxyphenyl) 17.43 24.8 226 368 271 294 22.7 30.3
ethanone
Unidentified compound 17.76 - - - 1.1 - - -
Unidentified compound 20.23 - - - 2.6 - - -
Unidentified compound 24.39 - - - 1.1 - - -
22.6 t0 36.8 Area %) and 2-methoxyphenol (from ethanone, 1-(4-hydroxy-3,5-dimethoxyphenyl)
11.6 to 24.2 Area %). ethanone, etc.
The total vyield of extracted monomeric

CONCLUSIONS

By extraction with two solvents, the following
lignin degradation products were isolated: 2-
methoxyphenol, 3-ethylphenol, 4-ethyl-2-methoxy-
phenol, 2,6-dimethoxyphenol, 4-hydroxy-3-
methoxybenzaldehyde, 4-hydroxy-3,5-dimethoxy-
benzaldehyde, 1-(4-hydroxy-3-methoxyphenyl)
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compounds after 6 h of alkaline treatment is from
16.45% mass of lignin (paulownia, steam explosion)
to 18.50% mass of lignin (straw, steam explosion
followed by enzymatic hydrolysis). It was found that
the highest total yield of low-molecular compounds
from the waste was obtained with steam explosion
pretreatment. The acid pretreatment may lead to
lignin condensation.
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Table 4. Compounds identified in the ethyl acetate extracts

Wheat Wheat straw Maize Maize stalks Paulownia
straw (Steam stalks (Steam (Steam
Compounds Retenthn (Acid) explosion) (Acid) explosion)  explosion)
time, min
[Area,%] [Area,%] [Area,%] [Area,%] [Area,%]
4h 4h 6h 4h 6h 6h 6h
Unidentified compound  4.00 5.2 - - 3.7 - - -
Unidentified compound  4.26 3.2 - - - - - -
Benzaldehyde 5.84 1.3 - - 3.6 - - -
Phenol 6.66 6.0 131 145 7.0 - - -
1,2- Cyclopentanedione- 768 31 i i 16 ) ) i
3-methyl-
1,3-Diethylbenzene 8.04 1.4 - - 3.3 - - -
1,3-Cyclopentanedione
N 4-D%/metrt)1yl- 8.28 5.8 75 - 21 - 7.6 4.6
2-methoxyphenol 8.82 8.9 8.5 40 122 56 35 17.3
Unidentified compound ~ 9.02 2.7 8.0 - 9.0 - - 16.7
Unidentified compound ~ 9.40 - - - 1.2 - - -
Unidentified compound  9.64 - 6.1 - 1.6 - - 5.2
Unidentified compound ~ 9.92 1.0 - - 2.0 - - -
Benzoic acid 10.32 1.6 - - 2.0 - - 6.4
Benzenediol 10.76 3.7 - - 3.0 - - 10.8
3-Methoxy-1,2- 11.62 3.3 60 - - - . 6.8
benzenediol
2,6-Dimethoxyphenol 12.89 10.2 7.9 9.0 104 117 17.0 13.1
4-Hydroxybenzaldehyde 13.04 1.7 - - - - -
4-Hydroxy-3-
metzoxybinzal dehyde 1349 5.4 53 256 32 133 14.9 47
1-(2-Hydroxyphenyl) -4, 5 23 49 - - - - -
ethanone
1-(4-Hydroxy-3-
methoxyphenyl) 14.59 2.5 - 3.3 21 86 - -
ethanone
4-Hydroxy-3- 15.58 16 66 - - 59 - .
methoxybenzoic acid
4-Hydroxy-3,5-
dimethoxybenz- 16.61 1.8 - - - 10.8 4.4 -
aldehyde
Unidentified compound  16.80 1.0 - - - - - -
1-( 4-Hydroxy-3,5-
dimethoxyphenyl) 17.43 23.6 26.1 436 32.0 38.6 40.1 14.4
ethanone
4-Hydroxy-3,5-
dimZthOX)}//benzoic acig 1830 L7 i i ) ) i i
Diisobutyl phthalate 18.68 - - - - - 7.8 -
Dibutyl phthalate 19.71 1.0 - - 5.4 4.7 -
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MOHOMEPHU ®EHOJIHU CBEJAUHEHNWA OT OTITAJIBYHU XUIPOJIM3HU
JIMI'HOLEJIYIIO3HU MATEPHUAJIN

T. X. PapoiikoBa,* C. K. Henkosa, 1. B. Boiues
Xumuro-mexnonocuuen u memanypauuer ynugepcumem, oyi. Knumenm Oxpuocku Ne8, 1756 Cogus, Bvreapus
[Mocrbnuna Ha 23 HoemBpH, 2015; kopurupana Ha 1 tonu, 2016
(Pesrome)

[MpoBenena e ankanna oopadoTka (4 1 6 yaca) Ha OTHAIBYHH XMIPOJIM3HHU JIMTHOLETYJI03HH MaTepuanu. [lomy4denu
ca CJIeHUTE MOHOMEpPHHM (EHOJIHHM CheAMHEHUs: 2-MeTokcueHous, 3-eTwindeHon, 4-eTwmi-2-MeTokcudeHomn, 2,6-
IUMETOKCU(EHOI, 4-XUApOKCcU-3-MeTOKCHOCH3anaex u, 4-Xuapokcu-3,5-numerokcudensanaexun, 1-(4-xunpokcu-3-
MeTokcH(eHnT) eTaHoH, 1-(4-xuapokcu-3,5-IuMeTOKCH(EHNIT) eTaHOH, W JAp. 3a eKCTpaxhpaHe Ha MOHOMEPHHUTE
MPOJYKTH Ca U3IOJI3BaHU TOJYEH U eTUJIalleTar.

Received November 23, 2015; Revised July 1, 2016

45



	INTRODUCTION
	EXPERIMENTAL
	RESULTS AND DISCUSSION
	Unpreci-pitated part in the aqueous phase
	CONCLUSIONS
	Acknowledgements:The authors are grateful for the support of the National Science Fund of the Ministry of Education and Science.
	МОНОМЕРНИ ФЕНОЛНИ СЪЕДИНЕНИЯ ОТ ОТПАДЪЧНИ ХИДРОЛИЗНИ ЛИГНОЦЕЛУЦОЗНИ МАТЕРИАЛИ

