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Prospects for non-wood plant raw materials’ usage and environmentally
friendly methods of obtaining fibrous semi-finished products in compari-
son with those, which are most widely used today, are analysed. As de-
termined, the usage of agricultural waste and annual plants as raw mate-
rials for obtaining cellulose is quite promising today. Main advantages
and disadvantages of using such raw materials for industrial needs are
formulated. The study shows that non-wood plant materials have chemical
composition similar to wood plant material. It is carried out analysis of
processing some agricultural waste such as sunflower stalks, wheat straw,
miscanthus, etc., using ethanol, hydrogen peroxide, glacial acetic acid as
reagent. It is determined the influence of technological parameters such
as process temperature and duration on physical and mechanical parame-
ters of paper. Research results show that increasing process duration re-
duces cellulose yield and content of residual lignin, and in most cases, im-
proves physical and mechanical parameters. As established, for semi-
finished products’ production of appropriate quality with optimal proper-
ties, it is necessary to select technological parameters separately for each
type plant raw material. First of all, this is caused by different morpho-
logical structure and chemical composition of raw materials. Fibrous semi-
finished products obtained from non-wood plant raw materials by organo-
solvent methods are characterized by quite good physical and mechanical
parameters. Some ways of using cellulose from non-wood plant raw mate-
rials for production of paper, cardboard, microcrystalline cellulose, nano-
cellulose and filtration membranes are highlighted. As established, such
products can already be used both in various industries and for household
purposes.

IIpoananizaoBaHO MEPCIEKTUBY BUKOPUCTAHHS HEIEPEBHOI POCIMHHOI CHPO-

BUHM 1 €KOJIOTiUuHO OiJIBIII UMCTHUX METOHIiB OJepP:KaHHS BOJOKHHCTHUX Halli-
BhabpukaTiB y MOPiBHAHHI 3 THMM, II[0 HAWOiJLII MACOBO BUKOPHCTOBY-
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IOTBCA y TPOMHUCJIOBOCTI choromHi. IlokasaHo, IO BUKOPHCTAHHA BigXoaiB
CiJIBCBKOTO TOCIOZapCTBa ¥ OJZHOPIUHUMX POCAUH B SAKOCTiI CHUPOBUHU IJid
OZlep’KaHHA BOJIOKHUCTUX HamiBdabpuraTiB € mepcneKTuBHUM. ChopMyano-
BAHO OCHOBHi mepeBaru Ta HEAOJIKM BUKOPUCTAHHSA TaKOi CUPOBUHU AJIA
IIPOMUCJIOBOTO 3acTrocyBanHsA. IlokasaHo, 110 HeJepeBHA POCJIMHHA CUPOBU-
Ha Ma€ XeMiuHHu# CKJajJ, MONiOHUUA OO JUCTAHUX Hopix mepeBuHH. IIpose-
IeHO aHaJizy MOMKJIWBOCTH OIep:KaHHsS BOJIOKHHCTUX HamiBpabpukaris 3
IesIKUX BiXOmiB CiTbCHKOTO TOCIOMApCTBa, TaKUX AK cTebJia COHAITHUKY,
NIIeHUYHOI COJIOMM, MIiCKAHTyCy Ta iH. 3 BUKOPUCTAHHAM €TaHOJIY, HMEePOK-
cuUAy BOAHIO, JIBOASHOI OIITOBOI KWCJOTH B SAKOCTi peareHTy. BusHaueHO
BILINB TEXHOJIOTIUHMX MapaMeTpiB, TAKMX SAK TeMIepaTypa Ta TPUBAJiCThb
BapiHHA Ha (pisMKO-MexaHiuHI IMOKA3HMKMN T'OTOBOI mpoaykKIlii. Pesyabratu
IOCIiIsKeHb IIOKasaju, IM0o 30iJbIIeHHS TPUBAJOCTH BapiHHS 3MEHIIIYE BU-
Xim IeJsosIo3m Ta BMICT 3aJIMINIKOBOTrO JITHiIHY 1 y 6GijbIllocTi BUIAAKiB mO-
Jinmrye gismko-mMexaHiuHi MOKasHUKMW. BeTaHOBJIEHO, IO AJIA BUPOOHUIITBA
HamiBpabpuKaTiB HaJEKHOI AKOCTH 3 OINTHMAJbLHUMM BJIACTHUBOCTAMMU IIOT-
pi6bHO mimbupaTy TEeXHOJOTiUHI ImapaMeTpPHd OKPEMO IJIA KOMKHOTO BHUAY POC-
auHHOiI cupoBuHU. I[le 3ymMOBI€HO, B MEpINy Uepry, PidHOIO MOpPGdOJIOTiuHOIO
OymOBOI0O Ta XEeMiUYHMM CKJIAAOM CHUPOBUHN. BoJIoKHMCTI HamiBdabpuraTwu,
olepiKaHi 3 HelepeBHOI POCIMHHOI CHUPOBUHU OPraHOCOJHLBEHTHHMU CIIOCO-
6aMu, XapakTepU3YVIOThCA JOCTATHBO TapHUMU (Pi3UKO-MeXaHiYHUMHU ITOKa-
3HUKaMU. BUCBiT/IeHO OedAKi IIIAXYM BUKOPUCTAHHSA IEJIOJO3U i3 HeIepeB-
HO1 POCJMHHOI CUPOBUHM! [IJis1 BUPOOHUIITBA IAIllepy Ta KapTOHY, MiKPOKPU-
CTaJIIUHOI IIeJII0JIO3M, HAHOIENI0J03u Ta (iJbTpaliliHux MemOpaH. Bcramo-
BJIEHO, IO TaKa IPOAYKIIisd BiKe ChOTOJHI MOYKe BUKOPUCTOBYBATHUCS SK B
pisHUX ragyssx MPOMUCJIOBOCTH, TaK i B MOOYTOBUX IiIAX.

Key words: non-wood plant raw materials, agricultural waste, organosol-
vent cooking, fibrous semi-finished products, delignification, physical and
mechanical parameters, paper, cardboard, nanocellulose, filtration mem-
brane.

KarouoBi cioBa: HemepeBHA POCJMHHA CHUPOBWHA, BiAXOAW CiJIbCHKOTO TOC-
oZapcTBa, OPraHOCOJbBEHTHI BapiHHA, BOJOKHUCTI HamiBpabpuraTu, gei-
ruijikamia, Qismxo-mexaHiUHI MOKasHUKMY, Mamip, KapTOH, HAHOIIEJI0JI034a,
dinprpariiina mem6paHa.
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1. INTRODUCTION

Development and application alternative methods for cellulose pro-
duction are very important tasks today. Usage of energy-efficient,
ecological and resource-saving methods is urgent task in develop-
ment new technologies for pulp production. For this purpose, it is
necessary to use widespread and fast growing raw materials as well
as methods and technologies of its processing that exclude usage of
toxic substances or those that have difficulties in regeneration.
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Thus, selection of annual plants and agricultural waste as raw ma-
terials in combination with organosolv delignification methods al-
lows approaching creation resource-efficient technologies for pulp
production.

Sulphite and sulphate delignification methods of plant raw mate-
rials are the most widely implemented for pulp production nowa-
days. On the one hand, they are characterized by high process effi-
ciency and economy and make possible to produce pulp with various
quality indicators. On the other hand, these methods are quite envi-
ronmentally unfriendly and characterized by large amount water
and air pollution during technological processes [1, 2].

Usage of oxidative-organosolvent methods can be alternative op-
tions for pulp production. Such methods are characterized by usage
of cheaper chemical reagents such as monoatomic and polyatomic
alcohols, carboxylic acids, ketones, ethers, esters, phenols etc. Mo-
lecular oxygen, hydrogen peroxide or nitric acid various concentra-
tions are used as oxidants. Titanium oxide, sodium molybdate, so-
dium tungstate, citric acid and others are used as delignification
process catalysts. Organosolvent technologies allow processing at
lower temperatures and atmospheric pressure if compare with sul-
phite and sulphate methods. Another, but not less important ad-
vantage of such methods is fact that organic solvents have selective
effect on lignin. This property makes possible to produce pulp with
higher polysaccharides yield and use simpler chemical regeneration
schemes in production, which also has less environmental impact
[3-7].

Thus, pulp industry in recent years has demonstrated promising
production increasing in the world with value of approximately 180
million tons per year, and this figure is constantly growing. Wood
is used as main raw material for pulp production in the world.
However, such raw materials are characterized by low reproducibil-
ity and constantly decreasing reserves. For example, technological
maturity of birch (Betula pendula), aspen (Populus tremula) and
hornbeam (Carpinus bentulus) plantations is reached after 40-50
years from the moment of planting, pine (Pinus sylvestris) or fir
(Picea abies)—after 70—90 years, and oak (Quercus robur) or beech
(Fagus sylvatica)—after 100—120 years [8—10].

2. THEORETICAL PART

Bulk density, boiler loading density and moisture content are im-
portant physical characteristics of plant materials that have huge
impact on pulp processing as well as paper production. These physi-
cal characteristics are general quality indicators of raw materials
and show it profitability for pulp processing and sustainable for
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production cardboard and paper products, cellulose membranes and
pulp for chemical processing. Bulk density determines transporta-
tion costs, pulp production capacity, chemicals and energy con-
sumption. The loading density shows amount of plant material in
absolutely dry state that can be fed into reactor. Density of raw ma-
terial is also one of the most important characteristics that affect to
production high-quality pulp, cardboard and paper products. In ad-
dition, it has huge impact on strength indicators and various other
pulp physical properties. Thus, density of raw material and pulp
yield can be used to estimate amount of plant material required for
production of one ton of air-dry pulp. Physical properties of plant
raw materials and agricultural waste are quite different. They de-
pend on species, place of cultivation, plant age, etc. [2, 11].

Non-wood plant raw materials can be used as promising alterna-
tive to generally accepted materials for pulp production. Compared
to wood, non-wood plant materials have similar cellulose content,
lower lignin content, higher hemicellulose and silicate content. Ad-
vantages of non-wood plant material include that it is mostly by-
product of agriculture, is cheaper than wood, has large volumes of
production in relatively short time and requires little cleaning be-
fore usage. Unfortunately, this raw material has its own disad-
vantages that limit the scope of its usage. It can be called low bulk
density, relatively short fibres, high silicic acids and small inclu-
sions contents. Accordingly, there are such side problems of its us-
age as unprofitable transportation and storage, very fast rotting,
which causes high losses. However, it should be noted that potential
availability and cost-effectiveness of using agricultural waste and
other annual and perennial plants are quite attractive, despite exist-
ing limitations [12].

All types of non-wood plant material can be conditionally divided
into two groups, which are based on their anatomical, morphologi-
cal structure and chemical composition. First group includes differ-
ent types of raw materials with high cellulose content 75-85% and
low lignin content 1-2%. This raw material has strong and long
fibres with size more than 10 mm. This group includes cotton fi-
bres, cotton lint, bast fibres of flax and hemp. This raw material
allows obtain fibrous semi-finished products for chemical pro-
cessing, high-quality paper, special valuable types of paper.

The second group include predominant part of non-woody plants
with cellulose content of 31-59%, lignin of 10—-25% and pentosanes
of 18-27%. The fibres are characterized by shorter size than
plants’ fibres in first group of raw materials and reach length of
0.3-2.0 mm. This group includes straw fibres of grain and technical
crops, oil crops stalks, sugar cane bagasse, common and dry cane,
bamboo, kenaf, miscanthus, etc.
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Fig. 1. Microscopic structure of stalks: (a)—wheat; (b)—rape; (c)—
sunflower; (d)—corn; (e)—sylphium sylph; (f)—amaranth (magnification
8-10).

It is important to have raw materials with sufficient a-cellulose
content and low pentosanes content during processing non-wood
plant raw materials to obtain high-quality pulp. The fibres struc-
ture should facilitate easy access of chemicals to cellulose mole-
cules, non-cellulosic impurities should be easily removed and con-
tent of parenchymal cells should be low. Microscopic structure of
agricultural waste stems and some types of non-wood plant material
are shown in Fig. 1, a—f.

Special feature of cereal crops stems is fact that they have cover-
ing layer (epidermis) saw-like shape. Ring and spiral cells are less
common. The main part of industrial crops stems is long, narrow,
and thick-walled with pointed ends (sclerenchyma fibres). In addi-
tion, they have vessels with bordered pores and vessels with spiral
thickening, which destroy in pulp processing. Large percentage
parenchymal cells are made up. They are characterized by diversity
in both shape and size: from short, barrel-shaped to elongated.
Transitional forms are also often found [13, 14].

Different morphological parts of non-wood plant raw materials
are not equivalent for pulp and paper industry according to their
chemical composition (Table). For example, in agricultural waste,
stalks are the most valuable and suitable for technological needs
[13]. They have the highest cellulose and the lowest mineral con-
tents. Other morphological parts are less valuable like leaves, inflo-
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rescences, spikelets, and also they can be harmful due to high ash
content. First of all, it is silicon oxide, which leads to great techno-
logical complications during pulp production and reduces quality of
product [15-17].

Large pentosanes number in non-wood plant raw material stems

TABLE. Chemical composition of annual plants and agricultural waste.

Solubility
% = g § $ 2 %
: = o = p= =
Raw material % En H,0 NaOH é % E’ § 2
&} o <
Spruce 46.1 285 7.3 18.3  2.93 10.7  0.18
(Picea abies)
Birch (Betula ;6 970 22 112 1.8 28.0  0.47
pendula)
Amaranth
(Amaranthus 31.9 26.5 17.9 35.6 0.4 19.8 3.4
candatus)
Cotton
(Gossypium
hirsutum): 38.7 22.5 7.5 18.3 3.9 19.2 4.6
fibre 62.9 11.8 2.1 15.9 4.2 23.5 4.5
stem 36.3 25.9 8.8 26.2 3.0 18.2 4.8
Rye (Secale
cereale) straw: 45.2 19.3 9.9 36.9 5.8 26.2 4.6
stem 55.8 19.8 7.9 34.9 4.6 25.6 3.6
leaf 41.7 17.4 10.8 36.5 7.2 26.3 7.3
ear 38.9 14.0 16.3 38.2 5.1 28.0 7.1
Kenaf

(Hibiscus 52.4 15.9 8.9 26.1 2.21 25.5 3.3
cannabinus)

Cannabis
(Cannabis
savita):
bast 46.2 17.0 6.9 25.0 1.2 20.2 2.6
wooden 67.8 6.5 3.8 20.8 1.9 15.6 1.5
part 42.2 12.5 5.1 22.9 3.7 21.7 2.9
Corn 42.6 17.9 10.1  18.7 3.0 25.7 3.9
(Zea mays)
Linen
(Linum usita-
tissimum): 59.6 10.9 4.1 13.6 4.7 16.8 2.4
fibre 69.5 6.1 3.7 13.4 3.6 5.1 1.5
chaff 42.0 23.6 5.2 19.4 5.2 25.1 2.8
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Continuation of TABLE.

Solubility
ag) g g E S @ %
. — = = e 5
Raw material % EJ H,0 NaOH Q“? % E § 2
O i <
Miscanthus
(Miscanthus 42.9 24.4 6.1 24.4 4.8 23.4 2.7
giganteus)
Sunflower
(Helianthus 40.6 20.1 5.6 35.2 — 21.3 3.0
annuus)
Soy 41.8 19.7 11.3 23.8 2.9 24.6 2.5
(Glycine max)
Sverbig
(Bunias 34.3 22.0 25.4 35.7 1.4 19.9 9.8
orientalis)
Wheat
(Triticum L.)
straw: 44.3 16.5 10.1 38.4 5.2 26.7 6.6
stem 46.2 18.6 6.0 36.2 4.6 26.4 4.2
leaf 42.3 15.2 9.8 40.1 6.5 27.4 9.4
ear 39.0 17.6 12.0 42.2 7.0 31.2 8.6
Rapak
(Brassica
napus L.):
stem 35.6 22.9 11.6 25.6 4.8 27.6 6.9
root 28.3 27.7 10.9 31.5 2.4 25.1 5.4
pods 22.6 12.8 18.3 29.2 4.0 23.8 4.0
Cane
(Phragmites  41.8 21.0 7.2 18.3 1.2 22.7 4.4
australis)
Sorrel (Rumex g7 o 914 14 260 1.4 219 5.1

patientia L.)

make possible to claim that pulp, which are made from them, have
good papermaking properties. In addition, they are suitable for cel-
lulosic base manufacturing for filter-membranes’ production [18,
19]. Cellulose content is the main factor that determines possibility
of using plant raw materials for pulp production. In agricultural
waste stamps and non-wood plant raw materials, it ranges from 32
to 60%; so, it can be argued that they are suitable for pulp produc-
tion [20, 21].
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3. RESULTS AND DISCUSSION

Research in field of fundamentally new waste-free technologies for
cellulose obtaining is conducted in variety directions. These re-
searches include cellulose biological synthesis, enzymatic delignifi-
cation of plant materials and solvolytic delignification in organic
solvents [18-21].

Hydrogen—alcohol method of cellulose obtaining was one of the
first among organosolv methods for cellulose obtaining thankfully
to series of Kleinert’s patents [22]. He proposed carry out wood del-
ignification using 50% water solution of ethanol or methanol. Hy-
drogen—alcohol digestion of cellulose began at pH close to neutral
and ended at pH=2.8-3.8. Boiling was carried out in counter-
current continuous reactor at temperature 195°C.

The main disadvantages of this delignification method are that,
under such conditions, only dark fibrous mass with low viscosity
can be obtained and process is carried out at high temperatures.
Authors of research [23] implemented previous experience of hy-
drogen-alcohol brews in process called ALCELL. It is based on boil-
ing cellulose with 50% water solution of ethanol at temperature
195°C, pressure 2.8 MPa, and duration 60 minutes. Obtained pulp
was bleached according to D-L—D scheme. Whiteness index of
ALCELL cellulose reached 90% . The obtained organosolv wood pulp
was used for coated papers production. Proposed method is accom-
panied by high-pressure usage, which makes it unsuitable for indus-
trial realization.

Authors of research [24] proposed to use sunflower stalks as raw
material for pulp production. In this way, hydrothermal treatment
of plant raw materials was carried out using 70% ethanol as cook-
ing solution in a ratio of 8:1 to solid raw materials, at temperature
170°C for 120 minutes. Cellulose with quality indicators approach-
ing sulphate cellulose was obtained as a result of delignification
process. The product has such characteristics: yield of solid residue
of 36.3%, cellulose content of 69.1%, hemicellulose of 12.7%, re-
sidual lignin of 8.2%. In addition, the physical and mechanical
quality indicators of cellulose samples obtained by boiling with us-
ing ethanol were not inferior to sulphated cellulose [24].

There is well-known ecological method of obtaining pulp from
miscanthus stems in laboratory conditions. It is includes pre-
treatment with water—alcohol solution of sodium sulphite and sodi-
um hydroxide in volume ratio of 80:20. Anthraquinone was used as
delignification catalyst, temperature of process varied from 130 to
170°C, and pretreatment time was varied from 90 to 180 minutes.
It should be noted that compliance with such conditions for organo-
solv process are determined as optimal for many representatives of
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non-wood plant materials [25].

Further processing of hydrolysed raw materials includes heat
treatment with solution containing acetic acid and hydrogen perox-
ide in ratio 1:1 with addition sodium tungstate as catalyst. Treat-
ment temperature was of 105°C and duration of 180 minutes. It was
established that increasing delignification temperature in process of
miscanthus stems in range from 130 to 150°C leads to pulp yield
reduction and content of residual lignin also contributes to increase
physical and mechanical indicators. Further increase of process
temperature to 170°C and duration to 120 minutes leads to decreas-
ing physical and mechanical parameters of obtained product. It can
be assumed that this is the reason of destruction carbohydrate part
partial in plant material under such conditions. It should be noted
that cellulose from miscanthus obtained using organosolv method
have high quality indicators and, as author noted, can be used for
production various types paper and cardboard [25, 26].

The authors of work [27] proposed ecological method of obtaining
cellulose. It is characterized by hydrothermal treatment of annual
plants and agricultural waste such as wheat straw, rapeseed, ama-
ranth, sverbiga, oxalate, with solution that consists of hydrogen
peroxide and glacial acetic acid. Processing was carried out at tem-
perature of 95°C and duration from 60 to 180 minutes. As a result,
it can be noted that increasing duration of delignification process
more than 90 minutes leads to decreasing cellulose yield and con-
tent of residual lignin for all representatives of non-wood plant ma-
terial. This regularity is connected with fact that during increasing
duration of lignin and polysaccharides oxidation greater percentage
of low molecular weight, mineral and extractive substances passes
into solution. In addition, it should be noted that cellulose obtained
in such way from all studied plants is characterized by relatively
high degree of whiteness. Peracetic acid has ability not only to oxi-
dize lignin but also to decolorize its chromophoric groups [27].

Having analysed results of research [27], it is worth noting that
differences in indicators of completeness, physical and mechanical
indicators of cellulose in delignification process are connected with
various factors. The main and most influential should be called ana-
tomical structure of plant raw materials. First of all, it affects on
depth and speed processes of reagents penetration into intercellular
space of raw materials as well as different chemical composition,
which will directly affect on lignin reactivity. In addition, results
of research indicate that oxidation of lignin and its transition into
cooking solution for specified plants occur with different intensity
that can be explained both by different lignin content in plant raw
material and by its different structure. Cellulose yield and residual
lignin content will decrease in case of increasing delignification
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process duration. This is can be easily explained by greater influ-
ence of reaction mixture on components of plant raw material.
Physical-mechanical indicators for most obtained pulp from non-
wood plant raw materials also increase with increasing duration.
However, process duration will negatively affect on quality indica-
tors in product as for oxalate. First of all, it is depend on chemical
composition. This is explained by the fact that in this case processes
of destruction will prevail over processes of delignification. This
leads to decreasing in functional structural units that give strength
to finished product [27].

Alternative delignification method of vegetable raw materials in-
cludes thermal pretreatment with formic acid and hydrogen perox-
ide solutions [7]. During conducting experiment with different rea-
gents ratio HCOOH:H,0,, it was determined that increasing in con-
tent of formic acid leads to decreasing in cellulose yield. This may
be related to intensification process of lignin splitting which is con-
sequence of breaking a- and B-alkyl-aryl ether bonds in lignin mac-
romolecule, dissolution extractive substances, mineral substances
and carbohydrates of plant raw materials and their transfer into the
cooking solution. It should be noted that excessive increase in con-
tent of formic acid increases straw cellulose yield due to partial lig-
nin condensation in acidic environment. Thus, there is increasing
amount of residual lignin at formic acid content more than 50%.
This dependence is explained by lignin partial condensation reac-
tions, which are activated during decreasing pH of cooking solution
[7].

Promising directions in development technologies for organosol-
vent processing using vegetable raw materials are also related to
usage of various catalysts in delignification process. Their presence
allows increase cellulose content in final product.

Peroxocomplexes of transition elements such as sodium tungstate
or sodium molybdate are used as catalytic additives. The catalytic
delignification scheme includes interaction H,0, with Na,WO, and
formation peroxocomplex Na,WOQO;. Such complex contributes to ox-
idation process of acetic acid to peroxoacetic acid with simultaneous
regeneration Na,WO, [28—-29].

Decreasing in residual lignin in cellulose was observed for ratio
of ethanol to additive from 1:0.1 to 1:0.02 during addition
nonylphenol, resorcinol or pyrocatechin in amount 1-5% of weight
absolute dry raw materials [33].

Group of scientists [30—32] conducted study based on catalysis
wood delignification with hydrogen peroxide—acetic acid—water with
sodium tungstate, molybdate (Na,WO, and Na,MoO,) and phosphor-
otungstic acid (H;PW,,0,,) as catalyst [30]. Usage of these catalysts
during treatment wood in solution AcOH:H,0,:H,0 in ratio
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50:15:35 makes possible to deepen significantly delignification pro-
cess. Research was conducted at temperature of 80°C, duration of
60 minutes and a hydromodule 10:1. Sawdust chips were used as
raw material. Results of these research showed that cellulose yield
did not decrease as in case of used sulphuric acid. Na,WO, and
Na,MoO, showed the highest selectivity in delignification process
[31].

Authors in work [3] propose to use citric acid as catalyst in cellu-
lose obtaining process in order to reduce general cost, which is less
expensive, if compare with molybdenum and tungstate, and also has
multi-ton production.

In oxidative-organosolvent cellulose obtaining process, citric acid
can help activate oxidizing agent and ensure effective interaction
with cellulose. Catalytic properties of citric acid can improve reac-
tion rate and provide more efficient cellulose conversion. However,
it is important to consider that usage of citric acid as catalyst may
have limitations. First of all, it depends on specific process condi-
tions. Therefore, optimizing acid concentration, temperature, reac-
tion time and other parameters may be necessary to achieve optimal
results.

In oxidative-organosolvent process for cellulose obtaining usage
of citric acid as catalyst, the following chemical reactions take
place.

1. Citric acid (C¢HgO;) splits into hydrogen ions (H') and citrate
ions (CcH;0.I):

C:H,0, > H + CiH,O.I".

2. An oxidizing agent, which can be, for example, hydrogen per-
oxide (H,0,), splits into hydroxide ions (OH"):

H,0, > 20H".

3. Hydroxide ions react with cellulose (C¢H,,05;) with citric acid
presence, causing cellulose splitting into shorter polymer chains:

CGH1005 +nOH — (C6H1005 )n -1+ CGHIOO;(U*D .

4. As a result, short cellulose polymer chains can be further
cleaved or dissolved in solvent containing citric acid which is pro-
mote cellulose delignification.

Citric acid acts as catalyst in these reactions, accelerating cellu-
lose oxidation and the citric acid polymerization. This contributes
to improving cellulose solubility, reducing lignin content, and ob-
taining higher cellulose yield.
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More soluble and less polluted cellulose is obtained as a result of
oxidation-organosolvent process using citric acid as catalyst. This
indicates possibility of its usage in paper and cardboard production.

The authors in work [3] proposed alternative method for obtain-
ing cellulose from agricultural waste. It includes oxidative pro-
cessing using wheat straw as raw material. Solution for process
consists of glacial acetic acid and water in volume ratio 75:25 with
addition of hydrogen peroxide as an oxidant. As delignification-
process catalyst, citric acid was used. The main technological pa-
rameters were temperature and delignification duration. Thus, del-
ignification process was carried out at temperatures from 80 to
100 + 2°C and duration from 60 to 180 minutes. It was established
that parameters increasing, especially temperature, accelerates del-
ignification process. It allows obtain cellulose with high yield and
low residual lignin content. Formation additional hydrogen bonds
between polysaccharides and high hemicelluloses content are
achieved by increasing processing time to 180 minutes. As a result,
it leads to better papermaking properties of cellulose. Physical and
mechanical properties in obtained pulp also improve slightly with
increasing process duration. It can be concluded that such cellulose
can be used for production different types of bleached paper [3].

Environmentally friendly method of production microcrystalline
cellulose from bagasse can be showed as example of usage of non-
wood plant raw materials. Process carried out by acid delignifica-
tion method with preliminary alkaline treatment and further oxida-
tion process. This process showed good yield of microcrystalline cel-
lulose with result 310 g per 1 kg of plant material. Equally, im-
portant fact is that microcrystalline cellulose production is consid-
ered energy-intensive. For this example, it should be noted that us-
age of pre-treatment reduces duration of the reaction. In turn, it
minimizes electricity consumption without affecting to product
quality and yield. In addition, such microcrystalline cellulose was
analysed using various methods and showed high-quality chemical
composition and purity of samples. Therefore, such environmentally
friendly method of producing microcrystalline cellulose from inex-
pensive, renewable and available raw materials such as bagasse is
quite promising and alternative [33].

Nanocellulose has unique properties such as high surface area,
aspect ratio, mechanical strength and stiffness. These properties
combined with availability, biodegradability, and stability make
nanocellulose good opponent for synthetic polymers. It should be
noted that lignocellulosic biomass produced from agricultural and
industrial waste is readily available and shows great promise as in-
expensive and high-quality raw material for nanocellulose produc-
tion. Source of waste does not significantly affect to main stages in
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process if talking about technology of nanocellulose production.
Principles remain the same for all sources of waste. It is quite im-
portant that process parameters should be selected for different raw
materials separately. It is connected with composition and structure
of raw materials, which affect to production process. Nowadays,
acid hydrolysis and oxidation with 2,2,6,6-tetramethylpiperidine-1-
oxyl, which is also called TEMPO-oxidation are the most widespread
methods of obtaining nanocellulose [34].

Nanocellulose widely used as addictive in cardboard and paper
industry as filler to provide mechanical strength for products.
Membranes based on nanocellulose have excellent mechanical prop-
erties and, as a result, they increase filters durability. Large specif-
ic surface area, high aspect ratio and broad possibilities for chemi-
cal modification are the most important advantages of nanocellu-
lose. Nanocellulose membranes can be effective as separate product.
It is currently proven that nanocellulose membranes in combination
with organic or inorganic components purify most effectively [35,
36].

Current needs for purification various types of impurities in wa-
ter leads to development new and innovative applications such as
creation of highly efficient membranes. Cellulose fibres obtained
from agriculture wastes can be used for membrane production using
various methods. These materials are often considered promising
alternatives for replacing and improving energy-intensive opera-
tions in many industries [37].

Membrane efficiency is dependent on material, which is used for
its production. It is directly affects on its permeability, structure
and thickness. Mixed-matrix membrane is one of membrane type
that has attracted considerable attention. It is also called composite
and obtained by direct integration of filler into the polymer matrix
[38]. Both organic and inorganic material can act as filler. It is ad-
visable and effective to use inorganic material with large number of
micropores in combination with main adsorbate to achieve optimal
cleaning results. For this case, using organic base and inorganic
filler give possibility to apply simultaneously properties of both ma-
terials [39]. Membranes with mixed matrix demonstrate excellent
mechanical strength and can be used in various industries [41].
Ways of the cellulose and fillers’ modification for improving their
structure are being conducted nowadays. These researches include
searching methods for reducing particle size to nanosize, increasing
mechanical strength and increasing access to hydroxyl groups. Var-
ious functional groups are used to modify polymers such as amine,
aniline, methacrylate, polyvinyl alcohol, and polyethylene oxide [40,
41].

Cellulose-based membranes are quite effective in pressure filtra-
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tion processes such as micro-, ultra- and nanofiltration. Such meth-
ods of water purification are quite simple, effective and environ-
mentally friendly. Thus, usage of cellulose as biomass for mem-
branes production is promising alternative to petroleum-based res-
ins and other plastics, which commonly used in such materials.

4. CONCLUSION

It can be concluded that such developments in field of modern tech-
nologies for obtaining pulp from non-wood plant raw materials and
agricultural waste using oxidative-organosolvent delignification
methods are promising, but insufficiently researched. There are no
comprehensive studies about usage of oxidation-organosolvent cellu-
lose in production of thin types of paper and cellulose membranes.
Its systematic development requires further scientific develop-
ments.
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