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OBTAINING OF PERACETIC CELLULOSE FROM OAT STRAW FOR PAPER MANUFACTURING

Background. Development of technology for obtaining peracetic pulp from oat straw and its use in the production of
one of the paper mass types.

Objective. Determination of peracetic cooking technological parameters’ optimal values for oat straw peracetic cellu-
lose quality indicators.

Methods. The oat straw cooking was carried out with peracetic acid at 95 + 1°C from 90 to 180 min for hydromodu-
lus 8:1 and 7:1, using a sodium tungstate catalyst. To determine the oat straw peracetic cellulose mechanical indexes,
laboratory samples of paper weighing 70 g/m? were made.

Results. Technological parameters’ optimum values (temperature, cooking duration, hydromodulus, hydrogen peroxide
and acetic acid concentration) for the oat straw delignification process were established. It is shown that the sodium
tungstate catalyst addition to the cooking solution at a rate of up to 1 % of the plant raw material weight helps to re-
duce the lignin content in cellulose to 15 %. A diagram of the cellulose yield dependence on its residual lignin con-
tent for various methods of non-wood plant material species delignification is constructed. The high efficiency of the
peracetic method for obtaining cellulose from non-wood plant raw materials, in particular from oat straw, has been
confirmed. It is determined that the obtained peracetic cellulose from oat straw has high mechanical indexes.
Conclusions. Oat straw peracetic cellulose can be used for the production of paper and cardboard mass types, in particu-

lar wrapping paper.
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Introduction

The studies in the field of plant macromolecu-
lar materials create a scientific basis for the rational
use of renewable raw materials and have important
signification for obtaining consumer goods. One of
the indicators of the development of a society in each
country is the level of consumption of paper and card-
board per capita. This indicator reflects the achieved
Gross Domestic Product and indicates the satisfac-
tion of the basic needs of people. Its average world va-
lue in 2014 was 56 kg per person, in Europe — 157 kg,
in North America — 224 kg, in China — 75 kg per
capita [1]. In Ukraine, this indicator by the results of
2016 was only 26.2 kg, of which only 19.5 kg was
produced by domestic enterprises, and the rest was im-
ported [2]. Taking into account the long-term global
economic growth, the demand for cardboard and pa-
per products will grow annually by 1.1 % to 2030 [3],
which requires an increase in the volumes of cellu-
lose production.

The main raw material for the production of
pulp in the world is wood. For countries that do not
have large stocks of free wood, including Ukraine,
an urgent problem is searching for alternative sour-
ces of raw materials, in particular non-wood plant
raw materials, for obtaining pulp [4, 5].

Among the representatives of non-wood plant
raw materials for obtaining cellulose, special atten-
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tion researchers attracted to the of cereal stalks and
technical plants, for which no rational application
has been found until now, and most of them remain
in the fields or burned. The main advantage of such
raw materials is its annual renewal and lower price
than wood [6]. Obtained pulp from non-wood plant
raw materials has satisfactory quality indicators and
is used for the production of various types of paper
and cardboard [7]. Annual world potential resources
of non-wood plant raw materials exceed 1.0 billion
tons, and the most promising ones are of cereal crop
stalks with the volume of million tons: wheat — 550,
rice —180, rye — 60, oats — 50, barley — 40 [8].

In the pulp and paper industry, traditional cel-
lulose production methods are sulfate, sulfite, and
sodium, which remain the main pollutants in the
industry. From an environmental point of view, cook-
ing in different organic solutions is safer. This is so-
called organosolvent methods of delignification. Or-
ganic solvents used for delignification of plant ma-
terial may belong to different classes of organic com-
pounds — monoatomic and polyhydric alcohols, ethers
and esters, ketones and amines, phenols and carbo-
xylic acids [9]. In particular, the peracetic acid is
widely used as the main delignification reagent of the
cooking solution. It is formed in the process of inter-
action of hydrogen peroxide and acetic acid [10, 11].
Hydrogen peroxide is widely used in various indus-
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tries, in particular in the process of pulp bleaching,
in cooking solution [12], and more than 65% of the
world’s production of acetic acid using in produc-
tion of polymers [13].

The results of obtaining cellulose by organo-
solvent methods of delignification from wheat and
rice straw are sufficiently highlighted in the litera-
ture [14—16]. At the same time, processes of cellu-
lose production from oats straw require additional
research.

Oat (Avéna sativa) — is a genus of annual herba-
ceous plants, widely grown on an industrial scale as
a food and forage plant. The oat occupies the 7th
place in the world agriculture. Oat straw stalks, like
wheat and rye, have a hollow straw height of 140 cm
and a thickness of 4—4.5 mm [17]. Therefore, the de-
velopment of resource-saving technologies for obtain-
ing cellulose from oats straw is an actual scientific
and practical task.

Problem statement

The purpose of this study is to determine the
optimum values of technological parameters for ob-
taining cellulose from oat straw by the peracetic me-
thod for the production of paper and cardboard.

To achieve this purpose there are the following
tasks:

— to determine the chemical composition of
oat straw and compare it with other representatives
of plant raw materials;

— to investigate the influence of main techno-
logical parameters — the duration and the hydromo-
dulus of cooking and the concentration of deligni-
fication reagents on the quality indices of peracetic
cellulose;

— to establish the dependence of the quality
indicators of the obtained cellulose from the catalyst
consumption;

— to evaluate the effectiveness of the peracetic
pulping for different representatives of non-wood
plant raw materials;

— to determine the mechanical indexes of per-
acetic cellulose from oat straw and to investigate
the possibility of its using in the production of one
of the paper mass types.

Research methods

The oat straw from the Poltava region harves-
ted in 2015 was used in this study. Oat straw stalks
were carefully sorted from the impurities of herbs
and ears, crushed to a size from 15—20 mm and sto-
red in a desiccator to maintain constant moisture.

The chemical composition of oat straw and other
plant raw materials for comparison by standard me-
thods [18] is determined (Table 1). As can be seen
from the data in Table 1, oat straw on the content
of the main components — cellulose, lignin, pento-
sans, is close to hardwood, but contains 15—35 times
more mineral substances than wood. The lower con-
tent of lignin in oat straw than in wood, a priori
suggests the need for lower consumption of cooking
reagents to achieve the same residual content of lig-
nin in pulp. The oat straw by chemical composition
is slightly inferior to the most widespread represen-
tative of cereal crops — wheat straw because it has
a higher content of lignin and minerals and less con-
tent of pentosans. But compared to the chemical com-
position of corn stems, oat straw has a higher content
of cellulose and 2 times less amount of substances
that are extracted with hot water, which will promote
a greater yield of cellulose from the mass of abs. dry
raw materials (a.d.r.m).

Table 1. Chemical composition of plant materials, %

Plant | Cellu- |, . . | Pento- | Ash Water-
. Lignin soluble
material | lose sans | content .
fraction
Oat | yys | 26 | 187 | 68 5.7
straw
Wheat |\ y00 | 186 | 264 | 42 6.0
straw
Corn
42.6 17.9 25.7 4.7 11.8
stalks
Birch-1 468 | 243 | 192 | 04 7.2
tree
Pine- 0 | 275 | 104 | 02 6.7
tree

The cellulose cooking from oat straw was car-
ried out in heat-resistant flasks connected to the re-
frigerators to provide a constant concentration of the
cooking solution. In this study, two variants of pulp
obtaining from oat straw were studied: the pre-pre-
pared solution of peracetic acid (PAA) without a ca-
talyst and with using a catalyst (sodium tungstate).
The consumption of the sodium tungstate was varied
from 0.25 to 1% by mass of a.d.r.m. The cooking
solution of PAA was prepared in advance by mixing
glacial acetic acid and hydrogen peroxide at a con-
centration of 30% in the ratio of 70:30. The cooking
solution, depending on the duration of its saturation,
had a concentration of hydrogen peroxide from 2.8
to 6.3 % and a PAA from 5.1 to 9.7 %. The cooking
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was carried out at 95 £ 1 °C duration from 90 to
180 min for hydromodulus 8:1 and 7:1. In the spent
solution, the residual concentration of PAA and hy-
drogen peroxide were determined. In the obtained
peracetic cellulose from oat straw, the following in-
dexes were determined: pulp yields the residual lignin
content and ash quality from the mass of a.d.r.m.
To determine the mechanical indexes of peracetic
cellulose from oat straw, obtained cellulose was pre-
grinded in a centrifugal-grinding apparatus to a mil-
ling degree of 60° Shopper—Riegler, and laboratory
sheet was made weighing 70 g/m2. For the produc-
tion of wrapping paper, one of the industry product
mass types, the obtained peracetic cellulose from
oat straw was ground in a centrifugal-grinding ap-
paratus and in the prepared cellulose mass was
added rosin glue at a concentration of 20 g/dm?® with
a consumption of 2 %, and alum sulphate at a con-
centration of 50 g/dm® with consumption of 3 %
from the weight of the finished paper. The produc-
tion of pulp and paper laboratory sheet and its test-
ing was carried out in accordance with standard me-
thods [18].

Analysis of the results
In order to determine the influence of cooking

time, concentration of H,0, and PAA on the quality
indexes of peracetic cellulose from oat straw, a series

of studies have been carried out, the results of which
are given in Table 2.

As can be seen from data in Table 2, the ob-
tained peracetic cellulose from oat straw has a low
content of residual lignin from 1.86 to 3.93 % from
a.d.r.m. It shows the effective passage of the deligni-
fication process of plant raw material by a PAA so-
lution. The low residual concentration of PAA and
H,0, in the spent solution indicates a high degree of
cooking reagents use. It should be noted that with
the PAA concentration increase in the cooking solu-
tion and cooking time, the process of plant material
delignification is improved. The relatively high ash
content in the obtained peracetic cellulose indicates
weak interaction of PAA with mineral substances, in
particular with silicic acid salts, which are part of
plant raw material.

The changing of the structural characteristics of
the plant raw material under the action of the cooking
solution is shown in the photographs of the samples
obtained by scanning electron microscopy (Fig. 1).

As can be seen from Fig. 1, a, oat straw has
thin and short fibers and open structure that provides
rapid diffusion of the cooking solution to the fiber
of the raw material. This relatively low lignin content
contributes to a better pulping even at a relatively low
cooking temperature. In the process of chemical-ther-
mal processing of plant raw material, extraction of lig-
nin and extractives was carried out, which had a po-
sitive effect on the separation of fibers (Fig. 1, b).

Table 2. Dependences of quality indexes of peracetic cellulose from oat straw versus the concentration of H,O, and PAA for a

hydromodulus 8:1

Reagent . .
concentration, quking Pulp vield, Lignin Ash content, Residual cc;:centrauon,
% tlme, % content, %
min %
H,0, PAA H,0, PAA
90 61.9 3.93 5.80 1.65 1.16
6.3 5.1 120 59.7 291 5.10 1.48 1.04
150 56.8 2.58 3.87 1.12 0.79
90 57.6 3.80 5.50 1.59 1.26
5.1 6.2 120 54.9 2.33 4.90 1.39 1.14
150 49.7 2.06 3.41 1.01 0.89
90 56.1 3.39 5.22 0.62 0.53
3.9 7.4 120 53.5 2.05 4.83 0.55 0.51
150 48.1 1.95 4.51 0.45 0.50
2.8 9.4 120 43.6 2.52 5.20 0.90 1.0
3.2 9.7 120 38.6 1.86 5.08 1.03 1.22
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Fig. 1. SEM photographs of oat straw samples: a — raw material; b — peracetic cellulose

On the basis of the conducted researches inves-
tigation it is possible to recommend to carry out the
process of obtaining organosolvent cellulose from oat
straw at the following values of technological para-
meters: temperature 95 + 1 °C, the hydromodulus 8:1,
duration 150 min, concentrations of H,O, — 3,9 % and
PAA — 7,4 %. Under these cooking conditions, the
maximum use (minimum residual concentration) of
cooking reagents, insignificant residual content of lig-
nin and minerals for a relatively high yield of cellu-
lose from oat straw is observed.

To determine the influence of the cooking hydro-
modulus on the quality indices of peracetic oat cel-
lulose, a series of cooking was carried out at the con-
centration of H,0, 2.38 % and PAA 8.61 %. These
results are shown in Table 3.

As can be seen from the data in Table 3, the
cooking hydromodulus increase contributed to pera-
cetic acid quantity increase that participates in the

process of delignification. This leads to the produc-
tion of cellulose with a lower content of residual lig-
nin for different cooking times, but the content of
ash is slightly different. The low residual concentra-
tion of PAA in the spent solution indicates the high
degree of acid use during cooking. It should also be
noted that the peracetic oat cellulose at hydromodu-
lus 8:1 has a lighter color and is more readily to dis-
integrate than cellulose, which obtained for a hydro-
modulus 7:1.

From the literature data, it is known that the
effective catalysts of the peracetic cooking are tran-
sition metal salts, in particular tungsten and sodium
molybdate [19]. In this case, sodium tungsten has a
greater effect of lignin oxidation than sodium mo-
lybdate. Therefore, the effect of the Na,WO, charge
on the quality indices of peracetic oat cellulose was
investigated in the study. The cooking was made at
PAA concentration of 9.8 % and at hydromodu-

Table 3. The quality indexes of peracetic oat cellulose for different cooking time and hydromodulus

Hydro- Cooking time, Pulp yield, Lignin Ash Residual concentration of
modulus min % con;? nt, con;:: nt, H,0,, % PAA, %
90 59.3 3.11 5.11 1.30 1.50
7:1 120 56.4 2.73 4.83 0.97 1.01
150 55.6 2.50 4.40 0.84 0.90
180 54.2 2.25 4.32 0.75 0.77
90 58.5 291 5.03 1.43 1.45
81 120 55.2 2.55 4.95 1.02 1.12
150 53.1 2.23 4.67 0.93 0.98
180 52.8 2.11 4.72 0.86 0.87
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lus 8:1, during 90 and 150 min. The obtained results
are shown in Fig. 2. Data in Fig. 2 show that at
catalyst consumption from 0.25 to 1 % by mass
a.d.r.m. both cellulose yield and the residual lignin
content decreases. Fig. 2, b also shows that at a lo-
wer consumption of the catalyst, but for longer cook-
ing time, it produces the peracetic cellulose with the
same indicator of lignin content (2.4 %), as well as
with higher catalyst consumption at a shorter cook-
ing time.

The obtained results also show that the cata-
lyst consumption and cooking time did not signifi-
cantly affect the ash content in peracetic cellulose,
and the low residual PAA content in the spent so-
lution (0.22-0.80 %) indicates a high degree of acid
use during cooking.
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Fig. 2. Dependences of yield (@) and residual lignin content in per-
acetic cellulose (b) from oat straw versus catalyst consum-
ption at different cooking time: 7 — 90 min; 2 — 150 min

Peracetic cellulose, obtained with Na,WoO, in
comparative to cellulose without catalyst has better
milling ability even with shorter cooking time. That
helps to reduce energy consumption in its prepa-
rations for paper and paperboard production.

To evaluate the delignification efficiency of
non-wood plant raw material by the peracetic me-
thod, a diagram of the cellulosic material yield depen-
dence on the residual lignin content in it was con-
structed (Fig. 3). The proposed diagram differs from
the known diagrams of Girz, Ross, and Schmidt [20]
by the methodology of its construction. Figure struc-
tured as follows: the axis of ordinates deposited pulp
yield of 40 % (for clarity on a few percent lower
cellulose content in plant material) to 100 %. On the
vertical axis also delayed the point corresponding
to the content in plant material holocellulose (the
amount of cellulose, pentosans, and hexosans). On
the abscissa from left to right, lignin content, as a
pulp percentage, is postponed from zero to the ma-
ximum value of the content of lignin in plant raw
materials. The intersection of the horizontal line of
100 % pulp vyield lines and vertical lignin content
in plant material provides a point corresponding to
the initial content of all plant material components
(cellulose, hemicellulose, lignin, resins, fats, waxes,
minerals, and extractives).
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Fig. 3. The line of “ideal” delignification (/) and pulp yield
dependence of different raw plant materials on the re-
sidual lignin content for the oat straw peracetic method
delignification (2), wheat straw (3), corn (4), and wheat
straw delignification by next methods: acetic (5); ester (6);
soda (7); neutral-sulfite (&) [21—22]

The line joining this point with the holocellu-
lose content can be considered as the line of “ideal”
delignification. It describes the maximum polysac-
charide content plant for certain residual lignin con-
tent in the pulp. Therefore, as the closer the particu-
lar process line delignification line of “ideal” delig-
nification for a residual lignin value, the more pulp
polysaccharide yield obtained by storing carbohy-
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drates (cellulose and hemicelluloses) and is a more
effective method of producing cellulose from plant
raw material. As can be seen from Fig. 3, the per-
acetic method delignification of oat and wheat straw
and corn stalks is the closest to the line of “ideal”
delignification compared to traditional methods of
cooking — soda and neutral-sulfite (lines 7 and & in
Fig. 3). At the same time Fig. 3 shows, that perace-
tic method of producing cellulose from oat straw is
better than from corn stalks but less effective than
obtaining cellulose from wheat straw. This finding
confirms a similar assumption, mentioned above in
the analysis of the chemical composition of plant raw
materials (see Table 1).

From building diagram (Fig. 3) we can con-
clude that the above delignification methods of ex-
amined plant raw materials by the affectivity of ob-
taining cellulose are approaching the line of “ideal”
delignification in the following sequence: acetic — es-
ter — soda — neutral-sulfite — peracetic.

Such order of investigated delignification me-
thods indicates that peracetic method of producing
cellulose can more selectively remove the lignin from
the plant raw material and to obtain pulp with greater
polysaccharides content than traditional methods of
cooking methods and organosolvent methods such
as acetic and ester.

Peracetic oat cellulose obtained from cooking
duration of 150 min and hydromodulus of 8:1, de-
pending on the concentration of cooking reagents
has the following mechanical indexes (Table 4).

As can be seen from the data in Table 4, with
increasing concentrations of peracetic acid in the
cooking, all the values of peracetic cellulose mecha-
nical indexes from oat straw also increase. This is
due to the fact that the increase of the peracetic acid
concentration in the cooking liquid solution helps
to better remove lignin from the plant raw ma-
terial, and improves the paper-making properties of
the cellulose due to the better formation of hydro-
gen bonds between the individual cellulose fibers.

To study the possibility of using the obtained
peracetic cellulose from oat straw in a composition
of one of the paper mass types, laboratory samples

Table 4. Mechanical indexes of peracetic oat cellulose

of wrapping paper weighing 70 g/m? were made. For
this purpose, cellulose, which was obtained by cook-
ing with a solution with a PAA concentration of 9.6 %
without a catalyst (Sample I), and with a PAA con-
centration of 6.2 % and with a catalyst in the amount
of 1 % by mass a.d.r.m. was used (Sample II). Me-
chanical indices of Samples I and II of peracetic
wrapping paper are shown in Table 5.

Table 5. The indexes of wrapping paper from peracetic
oat cellulose

Index Sample I | Sample 11 Basic
requirement

Bursting Not less
strength, kPa 195 186 than 180
Breaking Not less
strength, m 2350 4850 than 3000
Sizing degree, 1.0 1.0 Not less
mm ’ ’ than 0.6

As can be seen from the data in Table 5, labo-
ratory paper samples from peracetic oat cellulose
exceed all indexes for the wrapping paper grade G
and may be recommended for the manufacture of
pulp and paper industry enterprises.

Conclusions

It was established that oat straw the content
of the main components is close to hardwood, but
contains 15—35 times more mineral substances than
wood. The lower content of lignin in oat straw than
in wood indicates the need for lower cooking rea-
gents to achieve the same residual lignin content in
the resulting cellulose.

It was shown that increasing the PAA con-
centration in the cooking solution contributes to the
better oat straw delignification process operation.
The optimal values of the technological parameters
of the cellulose peracetic cooking from oat straw
are: H,0, concentration — 3.9 %, PAA — 74 %,
hydromodulus 8:1, at a temperature of 95 + 1 °C for
150 min.

It was established that adding of so-
dium tungstate to a cooking solution at

H,0, PAA ) ) _ 1 % by mass a. d. r. m. contributes to lig-
concen- | concen- | Density, Bursting Tearing | Breaking | pin content decrease in cellulose to 15 %.
tration, | tration, | g/cm? Strirll,gath’ Strzlﬁth’ Strerrlllgth’ The high efficiency of the peracetic

% % method for the cellulose production from
6.3 5.1 0.526 225 20 5050 non-wood plant raw materials, in particu-
5.1 6.2 0.536 231 40 5800 lar from oat straw, has been confirmed.
2.8 9.4 0.577 244 70 6200 By the efficiency of cellulose production,
3.2 9.7 0.593 251 80 6850 different methods of delignification of the
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plant straw under consideration are approaching the
line of “ideal” delignification in the following sequen-
ce: acetic — ester — soda — neutral-sulfite — peracetic.

It is determined that the obtained peracetic cel-
Iulose from oat straw has high values of mechanical
indexes and can be used for the mass type produc-
tion of paper and cardboard, wrapping paper, in par-
ticular.

In the future, it is planned to explore pera-
cetic oat cellulose in a composition of other types
of paper, to carry out alkaline treatment of cellu-
lose for the further removal of minerals and to con-
sider the possibility of chemical processing of perace-
tic oat cellulose in its derivative.

List of literature

Parida R. Will India be the fastest growing paper market in the world? [Online]. — Available: https://www.linkedin.com/

pulse/india-fastest-growing-paper-market-world-ranjan-parida

2. Hoeunu Acouianii yKpaiHCbKUX TiAMPUEMCTB LEMIOJI03HO-TIaNepoBoi mpomucioBocti “Ykpllamip” [EnektpoHHuMii pecypc]|. —
Pexxum moctymy: www.ukrpapir.org/news.php

3. Matthis S. Global paper and paperboard market forecast to grow 1.1 per cent // The industry of pulp and paper. — 2015.

4. Pulp and paper-making potential of corn husk / T.K. Fagbemigun, O.D. Fagbemi, O. Otitoju et al. // Int. J. AgriScience. —
2014. — 4, Ne 4. — P. 209—213.

5. A review on pulp manufacture from non wood plant materials / O. Kamoga, M. Lwako, J.K. Byaruhanga, B.J. Kirabira // Int. J.
Chem. Eng. Appl. — 2013. — 4, Ne 3. — P. 144—148.

6. Identification of fibers of woody and non-woody plant. Species in pulp and papers / V. Safdaril, V. Reza, N. Sigarodyl, A. Moi-
nuddin // Pak. J. Bot. — 2011. — 43, Ne 4. — P. 2127—2133.

7. bapoaw B.A. TloteHuian HenepeBHOI POCAMHHOI CUPOBUHM Ul BUPOOHMILITBA Marepy i KapToHy // JlicoBe rocnoaapcTBo,
JIicoBa, MarepoBa i [epeBoodbpodHa nmpomucioicte. — 2011. — Bum. 37.1. — C. 217—223.

8. Hunter R.W. Nonwood plant fiber uses in papermaking // Appita. — 2010. — 56 p.

9 Ilpumaxoe C.II., bapbaw B.A., Yepvonkina P.l. BupoOHu1TBO cynbdiTHOI Ta opraHoconbBeHTHOI Hemwonodu. — K.: EKMO,
2009. — 279 c.

10.  Comparison of laboratory delignification methods, their selectivity, and impacts on physiochemical characteristics of cellulosic
biomass / R. Kumar, Hu Fan, C.A. Hubbell et al. // Biores. Technol. — 2013. — 130. — P. 372—381.

11.  Barbash V., Poyda V., Deykun I. Peracetic acid pulp from annual plants // Cellulose Chem. Technol. — 2011. — 45, Ne 9-10. —
P. 613—618.

12.  Improving the bleaching process of hardwood chemi-mechanical pulp / F. Zeinaly, M. Karimi, J. Shakhes, H. Mohammadi //
Cellulose Chem. Technol. — 2016. — 50, Ne 2. — P. 285—292.

13.  Haynes W.M. CRC Handbook of Chemistry and Physics. — Boca Raton: CRC Press, 2014. — P. 6—182.

14.  Sridach W. The environmentally benign pulping process of non-wood fibers // Suranaree J. Sci. Technol. — 2010. — 17, Ne 2. —
P. 105—123.

15.  Development and characterization of an environmentally friendly process sequence (autohydrolysis and organosolv) for wheat
straw delignification / H.A. Ruiz, D.S. Ruzene, D.P. Silva et al. // Appl. Biochem. Biotechnol. — 2011. — 164. — P. 629—641.

16.  Rice straw pulp obtained by using various methods / A. RodrHguez, A. Moral, L. Serrano, L. Jiménez // Biores. Technol. — 2008. —
99, Ne 8. — P. 2881—2886.

17.  Zwer P., Faulkner M. Producing Quality Oat Hay // Union Offset Printers. — 2006. — P. 86.

18.  TAPPI Test Methods. — Atlanta, Georgia: Tappi Press, 2004.

19.  Cnoci6 orpuManHs 1emonosu: Ilatr. 26866 Ykpaina, MITK D21C 3/00 / JI.I1. Autonenko, O.B. Bacuiabuyk, M.B. Kymu-
KoBcbka. — 3assi. 22.05.2007; Ony6:. 10.10.2007.

20.  bapbaw B.A. OGrpyHTYBaHHSI METOIOJIOTII OLIIHIOBaHHSI €(PeKTUBHOCTI MpOILECiB AemirHiikalii pocIMHHOI CUPOBUHU //
Hayxkogi Bicti HTYY “KIII”. — 2011. — Ne 5. — C. 146—151.

21.  Barbash V.A., Yaschenko O.V. Obtaining of straw pulp in isobutanol medium // Haykosi Bicti HTYY “KIII”. — 2015. — Ne 6. —
C. 80—86.

22.

Comparative pulping of sunflower stalks / V. Barbash, 1. Trembus, S. Alushkin, O. Yashchenko // Science Rise. — 2016. —
Ne 3/2 (20). — P. 71-78.



130 Haykosi sicti HTYY "KMI" 2017/5

References

[1]  R. Parida. Will India be the Fastest Growing Paper Market in the World? [Online]. Available: https://www.linkedin.com/
pulse/india-fastest-growing-paper-market-world-ranjan-parida

[2]  News of the Association of Ukrainian Enterprises of the Pulp and Paper Industry “UkrPapir” |Online]. Available: https://www.
ukrpapir.org/news.php

[3] S. Matthis, “Global paper and paperboard market forecast to grow 1.1 per cent”, The industry of pulp and paper, 2017.

[4] T.K. Fagbemigun ef al., “Pulp and paper-making potential of corn husk”, Int. J. AgriScience, vol. 4, no. 4, pp. 209—213, 2014.

[5] M. Kamoga et al., “A review on pulp manufacture from non wood plant materials”, Int. J. Chem. Eng. Appl., vol. 4, no. 3,
pp. 144—148, 2013. doi: 10.7763/1JCEA.2013.V4.281

[6] V. Safdaril et al., “ldentification of fibers of woody and non-woody plant. Species in pulp and papers”, Pak. J. Bot., vol. 43,
no. 4, pp. 2127—2133, 2011.

[71  V.A. Barbash, “The potential of non-wood plant raw material for the production of paper and cardboard”, Lisove Gospodarstvo,
Lisova, Paperova i Derevoobrobna Promislovist, iss. 37.1, pp. 217—223, 2011 (in Ukrainian).

[8] R.W. Hunter, “Nonwood plant fiber uses in papermaking”, in Appita, 2010.

[91  S.P. Primakov et al., Production of Sulphite and Organosolvent Cellulose. Kyiv, Ukraine: EKMO, 2009.

[10] R. Kumar et al., “Comparison of laboratory delignification methods, their selectivity, and impacts on physiochemical charac-
teristics of cellulosic biomass”, Biores. Technol., vol. 130, pp. 372—381, 2013. doi: 10.1016/j.biortech.2012.12.028

[11] V. Barbash et al., “Peracetic acid pulp from annual plants”, Cellulose Chem. Technol., vol. 45, no. 9-10, pp. 613—618, 2011.

[12] F. Zeinaly et al., “Improving the bleaching process of hardwood chemi-mechanical pulp”, Cellulose Chem. Technol., vol. 50,
no. 2, pp. 285—292, 2016.

[13] W.M. Haynes, Handbook of Chemistry and Physics. Boca Raton: CRC Press, 2014.

[14] W. Sridach, “The environmentally benign pulping process of non-wood fibers”, Suranaree J. Sci. Technol, vol. 17, no. 2,
pp. 105—123, 2010.

[15] H.A. Ruiz ef al., “Development and characterization of an environmentally friendly process sequence (autohydrolysis and orga-
nosolv) for wheat straw delignification”, Appl. Biochem. Biotechnol., vol. 164, pp. 629—641, 2011. doi: 10.1007/s12010-011-9163-9

[16] A. Rodriguez et al., “Rice straw pulp obtained by using various methods”, Biores. Technol., vol. 99, no. 8, pp. 2881—2886,
2008. doi: 10.1016/j.biortech.2007.06.003

[17] P. Zwer and M. Faulkner, “Producing quality oat hay”, in Union Offset Printers, 2006.

[18] TAPPI Test Methods. Atlanta, Georgia: Tappi Press, 2004.

[19] L.P. Antonenko ef al., “Cellulose production method”, UA Patent 26866, Oct. 10, 2007 (in Ukrainian).

[20] V.A. Barbash, “Substantiation of processes efficiency methodology assessment of plant material delignification”, Naukovi Visti
NTUU KPI, no. 5, pp. 146—151, 2011.

[21] V.A. Barbash and O.V. Yaschenko, “Obtaining of straw pulp in isobutanol medium”, Naukovi Visti NTUU KPI, no. 6, pp. 80—86,
2015. doi: 10.20535/1810-0546.2015.6.51145

[22] V. Barbash et al., “Comparative pulping of sunflower stalks”, Science Rise, no. 3/2 (20), pp. 71—78, 2016. doi: 10.15587/2313-
8416.2016.63098

T.B. 3enenuyk, |.M. OevikyH, B.A. Bapbaw

OOEP>XAHHS NEPOLITOBOI LIEMIONIO3M 13 CONOMU BIBCA N1 BAPOBHULTBA MAMEPY

Mpo6nemaTuka. Po3pobka TexHOMOrii ogep>XaHHA NepoLITOBOI LEeNono3n i3 cConomm BiBCa Ta BUKOPUCTaHHS ii y BUPOOHULTBI
O[IHOrO i3 MacoBux BUAiB nanepy.

MeTa gocnigxeHHs. BusHavyeHHs onTUManbHUX 3Ha4YeHb TEXHOMOrYHMX NapaMeTpiB NEPOLTOBOro BapiHHS Ha NMOKa3HUKN SKOCTI
nepoLTOBOI LIEeNtonoaun i3 Conomm Bisca.

MeToauka peanisauii. BapiHHs ciuku conomu BiBca NpoBOAMNM NepOLTOBO KUCNOTO 3a TemnepaTypu 95 + 1 °C ynpogosx 90,
120, 150 i 180 xB 3a rigppomoaynsi 8:1i 7:1, a Takox i3 BUKOPUCTAHHAIM KaTarnizatopa — Bonbpamarty HaTpito. [ns Bu3HavyeHHs i3nko-
MeXaHi4HIX NOKa3HUKIB NepoLITOBO! LIEMionoan i3 Cornomy BiBCa BUFOTOBMNANM NabopaTopHi 3pasku nanepy macoto 70 r/m’.

Pe3ynbTatn pocnigkeHHA. BcTaHOBNEHO onTUMarbHi 3Ha4YeHHs1 TEXHOMOrYHUX NnapameTpiB (TemnepaTtypu, TpUBanocTi, rigpo-
MOoAyrsl, KOHUEHTpaLUii nepokcnay BOAHIO i MepoLTOBOI KMCNOTK) npouecy aenirHidikauii conomu BiBca. [NokasaHo, Wo gogaBaHHA 40
BapurbHOro Po34MHy KaTanisatopa BonbdpamaTy HaTpito 3 BuTpaTolo Ao 1 % BiA Macu POCHUHHOI CMPOBWMHWN CNPUSIE 3MEHLUEHHIO
BMICTY nirHiHy B uentonosi o 15 %. MNo6ygoBaHo giarpamy 3anexHoOCTi BUXOAY LIEnono3un Bifg BMICTY B Hill 3aMnyLLKOBOrO NirHiHy Ans
pi3HMX cnocobiB AenirHidikauii NnpeacTaBHUKIB He4epPEeBHOI POCMMHHOI cnpoBuHW. [MiaTBEpAKEHO BUCOKY edEKTUBHICTb MEepOoLTOBOro
MeToAy ofepXaHHS Lerntonosn i3 HedepeBHOI POCIMHHOI CMPOBUHU, 30KpeMa i3 conomu BiBca. BusHayeHo, wo ogepxaHa nepoutoBa
Lentonosa i3 Conomu BiBCa Mae BUCOKI 3HAYEHHS (Di3UKO-MeXaHIYHUX MOKa3HWKIB.

BucHoBku. [NepouToBa Lentonosa i3 conomum BiBca MOXe BUKOPUCTOBYBATUCS ANsi BUPOOHMLTBA MacoBUX BUAIB Nanepy i kapTo-
Hy, 30Kpema obropTkoBoro nanepy mapku I

Knio4yoBi cnoBa: conoma BiBca; Lentonosa; agenirHigikauis; katanisatop; nanip; gisavko-mexaHidHi NOKa3HUKK.
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MOJIYYEHUE MEPYKCYCHOWM LIENJONO3bI 13 CONOMbI OBCA AJ1A MPOU3BOACTBA BYMAIM

Mpo6nemaTuka. PaspaboTka TeXHONOrMM NOy4YeHUsi MePyKCYCHOWM LLensonosbl U3 CONMOoMbl OBCa U UCMONb30BaHWE ee B Npous-
BOACTBE OJHOrO 13 MaccoBbIX BUAOB Gymaru.

Llenb uccnepoBanus. OnpeaeneHve onTyManbHbIX 3HAYEHUIA TEXHONMOMMYECKUX NapaMeTpoB NEPYKCYCHOM Bapky Ha nokasaTenu
KayecTBa NEPYKCYCHOW LieNsionosbl U3 CONoMbl OBCa.

MeToauka peanusauun. Bapky ceukn conomMbl oBca NpoBOAMNN NEPYKCYCHOW kncnoTon npu Temnepatype 95 + 1 °C B TeyeHune
90, 120, 150 1 180 muH npu rugpomoayrne 8:1 1 7:1, a TaKke ¢ UCMONb30OBaHMEM KaTanusaTtopa — Bonbdpamarta HaTpus. [Ins onpeae-
neHns U3NKO-MEXAHNYECKUX NoKasaTenen nepykCyCcHOM LIeNono3bl M3 COrIoMbl OBCa U3roTaBnmeanu nabopartopHble obpasupl 6ymaru
maccoii 70 r/m.

Pe3ynbTaTthl uccrnefoBaHus. YCTaAHOBIEHb! ONTUMAribHbIE 3HAYEHWUSI TEXHOMOMMYECKUX NMapaMeTpoB (TeMnepartypbl, Npoaos-
XUTENBbHOCTU, TMOPOMOAYNSA, KOHLIEHTPaLUmUy NepokcMaa BOAOPOAA U NMEPYKCYCHOW KUCIOTbI) Npouecca AenurHudgurkaLmm conoMsl oBca.
MokasaHo, 4To AoGaBneHVe kK BapoO4YHOMY pacTBOpY KaTanusatopa BonbdpamaTa HaTpusi ¢ pacxodoM Ao 1 % OoT Macchl pacTUTENbHOro
CbIpbsl CMOCOBCTBYET YMEHbBLUEHMWIO CoAepXaHnsa nNurHmHa B uennonose o 15 %. MNMoctpoeHa Anarpamma 3aBMCMMOCTY BbIXOAA LIENIono-
3bl OT COAepXaHUsl B HEl OCTaTOYHOro JIFHUHA AN pas3nnyHbIX CNocoboB AenurHudmrKaummn npeacraBuTenel HeAPeBEeCHOro pacTu-
TenbHOro cbipbs. MoaTeepxaeHa Bbicokasi 3PeKTUBHOCTbL NEPYKCYCHOTO MeToAa MOoSyYeHUst LEennonosbl U3 HeapeBeCcHOro pactu-
TENbHOTO ChIpbsi, B YACTHOCTU U3 conombl oBca. OnpeaeneHo, YTo NonyvyeHHas NepykcycHas Lennionosa U3 cofioMbl OBca UMEET Bbl-
COKMe 3HaYeHUs PU3NKO-MeXaHNYECKNX NokasaTenen.

BbiBoabl. [MepykcycHasi Lenntonosa u3 cornoMbl OBCa MOXET MUCMOoNb30BaTbCs Arns NPOM3BOACTBA MaccoBbIX BUAOB Bymaru u kap-
TOHa, B TOM 4ucrie obeptoyHon ymarn mapkm I.

KntoueBble cnoBa: coriloMa 0Bca; Liennionosa; Aenurimdukaums; katannsaTop; 6ymara; PU3NKO-MEXaHNYeCKne nokasaTenu.
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