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Abstract. Nanoscience is a broad field that includes nanophysics and nanochemistry.
Nanotechnologies are aimed at obtaining nanoparticles with new properties and creating materials
and devices based on them. This is one of the modern trends in the development of science in the 21st
century.

Based on the study of information about nano-sized materials, the mechanisms of their
production and changes in their properties, we will consider the technology for producing
nanocellulose from organic substances, i.e. from cellulose. The article describes a technology that
examines devices for producing nanocellulose and the principles of their operation, as well as a
combined method of purification and acid hydrolysis with high-pressure homogenization for the
production of nanocellulose on an industrial scale. The types of nanocellulose and their microscopic
images are also described. Our research work is aimed at obtaining nano-sized cellulose. Cellulose
is one of the most common natural polymers that is part of an important part of the tissues of annual
and perennial plants, algae, bacteria and fungi. Using this raw material, it is proposed to obtain
nanocellulose, since cellulose is a linear homopolysaccharide, a macromolecule consisting of
monomeric anhydride-$-D-glucopyranose units linearly linked to each other by 1—4-glucosidic
bonds.

Keywords. Nanocellulose, microfibrillated cellulose, nanocrystalline cellulose, bacterial
nanocellulose, polymerization, crystallization, biodegradation.

Annotatsiya. Nanofan keng tarmoqli bo ‘lib u o z ichiga keng gamrovli bo ‘Igan nanofizika va
nanokimyo fanlarini oladi. Nanotexnologiyalar yangi xususiyatlarga ega nanozarrachalarni olishga
va ular asosida materiallar va qurilmalar yaratishga garatilgan. Bu XXl asrda ilm-fan
rivojlanishining aktual yo ‘nalishlaridan biridir.

Nanokimyo yo ‘nalishi bo ‘yicha nano o ‘Ichamli materiallar, ularninng olinish mexanizmlari
va ular asosida xossalarning o ‘zgarishi to ‘g ‘risida ma’lumotlarni o ‘rgangan holda organik moddalar
asosida ya'ni sellyulozadan nanosellyuloza olish texnologiyasini ko rib chigamiz. Magolada
keltirilgan texnologiya asosida nanosellyuloza olish uchun qurilmalar va ularning ishlash prinsiplari
ko ‘rsatilgan, hamda sanoat migyosida nanotsellyuloza ishlab chigarishning tozalash va yuqori
bosimli gomogenizatsiya bilan kislotali gidrolizning kombinatsiyalangan usuli keltirilgan.
Shuningdek nanosellyuloza turlari va ularning mikroskopiya orgali olingan tasvirlari izoxlangan.
llmiy tadgigot ishimiz nano o ‘lchamli sellyuloza olinishiga garatilgan. Bir yillik va ko ‘p yillik
o ‘simliklar, suv o ‘tlari, bakteriyalar va zamburug ‘lar to ‘gimalarining muhim gismini tashkil etuvchi
eng keng targalgan tabiiy polimerlardan tsellyuloza. Aynan ushbu xom ashyolardan foydalangan
holda nano sellyuloza olish ko zda tutilgan, chunki sellyuloza chizigli gomopolisaxarid bo ‘lib, bir-
biriga 1—4-glyukozid boglari bilan chizigli bog‘langan monomer angidr-p-D-glyukopiranoza
birliklaridan tuzilgan makromolekulalardir.

Tayanch se‘zlar: Nanotsellyuloza, mikrofibrillangan tsellyuloza, nanokristalli tsellyuloza,
bakterial nanotsellyuloza, polimerizatsiya, kristallanish, biodegradatsiya.

Annomayus. Hanonayka — 5mo wupokas 001acmb, 6KIIOUAIOWAA HAHOPUIUKY U
Hanoxumuro. Hanomexnonozuu nanpagnenvt Ha noayueHue HAHOYACMUY C HOBLIMU CGOUCMEAMU U
co30anue Ha UX OCHO8E MAMEPUAN08 U YCMPOUCME. IMO 00HA U3 COBPEMEHNBIX MEHOeHYUl pa3eumus
nayku 8 XXI| gexe.

Ha ocnoge uzyuenus ungopmayuu 0 HaHOPAIMEPHbIX MAMEPUANAX, MEXAHUSMAX UX NOTYYEHUs
U UBMEHEHUL UX C8OTICTIEG Mbl PACCMOMPUM MEXHON02UIO NOJYYEHUS HAHOYELTIONIO3bL U3 OP2AHUYECKUX
seujecms, m.e. U3 Yenono3vl. B cmamve npusedena mexHonio2us 6 KOMOPOM, paccMampugaemcs
yempoticmea 015 NOAYYeHUs HAHOYENTI0A03bl U NPUHYUNDBL UX PADOMbI, A MAKHCE KOMOUHUPOBAHHYII
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CHEMISTRY AND CHEMICAL TECHNOLOGY

MEmoO OYUCMKU U KUCIOMHO20 2UOPONU3A C 20MO2eHUu3ayueli. nood GblCOKUM OdaslieHuem O
NPOU3BOOCMBA  HAHOYELNIONO3bL 8  NPOMbIuACHHbIX  macwmabax. Taxoce onucansl  6udbl
HAHOYEION03bL U UX MUKDOCKORUYecKue uzoopadcenus. Hawa nayuno-ucciedosamenvckas paboma
HANpaseieHa Ha NOAyYeHUe HAHOPA3MEPHOU yenntonosel. Lleainionoza — odun u3z wnaubonee
PACAPOCMPAHEHHBIX NPUPOOHLIX NOIUMEPOS, GXO0AWUX 6 COCMAE BANCHOU HACMU MKaHell
OOHOJIEMHUX U MHO20AEMHUX pacmenuil, 6odopociel, bakmepuil u 2pu60s. C UCnoib308anHueM IM020
CHIPbSL NPEONONAAemcss NOAYHeHUe HAHOYEION03bl, NOCKOIbKY YENION03d npeocmasisiem coboll

JIUHELIHbLL  20MONONUCAXAPUD, MAKPOMONIEKYTbl,

cocmosiwyue U3 MOHOMepPHbIX aHeudpuo-f-D-

CNIOKONUPAHO3HbIX 36€HbES, JUHEUHO CBS3AHHBIX ()pyZ C dpyzoM 1—4-2110KO3UOHBIMU CEAZSMIUL.

Knrwueswvie cnosa: Hanoyennonosa,
yennonosa,

HAHOKPUCMATIUYECKAS
Kpucmannuzayus, 6uooespadayusi.

Introduction

Nanocellulose is a material consisting of nano-
sized cellulose fibers with a high aspect ratio of length
to width and nanoparticles. The characteristic width
of such a fiber is 5-20 nm, and the longitudinal size
ranges from 10 nm to several microns. The material
has the properties of pseudoplasticity, i.e. under
normal conditions it is viscous, and through physical
interactions it behaves like a liquid (in vibration,
agitation, etc.). Its extraordinary properties make it
possible to create ultra-light and ultra-strong
materials based on it, for example, such as airgel [1-
8].

MUKpOpuopuniuposannas
Oakmepuanbias — HAHOYENION03d,

yenono3a,
NOAUMEPU3AYUSL,

There are mainly three types of thread-like,
nano -sized crystals - nanocellulose:

1) microfibrillated cellulose (MFC) - thread-
like particles with disordered sections and alternating
crystals,

2) nanocrystalline cellulose (NCC) - represents
thread-like single crystals without flaws,

3) bacterial nanocellulose (BNC) — an organic
polymer material. The material has a number of
unique properties that are not inherent in plant
cellulose.

They have different sizes,
production methods (Figure 2).

functions and

Nanocellulose particles have many advantages
over plant cellulose and partly over synthetic
polymers [9-13]:

ehigh purity (does not
hemicellulose, pectin);

eplastic;

ehigh
crystallization;

every large internal surface area of the
nanofiber network;

shigh mechanical stability;

scontrolled biodegradation ability;

eincreased bending strength and elasticity of
synthetic polymers;

stensile and tear strength;

shigh hygroscopicity and ability to accumulate

contain lignin,

degree of polymerization and

water.

Methods and materials. Figure 3 shows
cellulose fibers and the small structures within them.
The process of producing nanocellulose from

1 \‘\V 4 .: "
R 1

Flg 2. Mlcroscope images of each type of nanocellulose a) MFC, b) NCC, and c) BNC

cellulose is carried out in three main stages: the
grinding process, the hydrolysis process and the
homogenization process [14-20].

Experimental part
The grinding process of periodic and
continuous grinding - rolls, conical mills, refiners,
etc. is carried out in the presence of water at a fibrous
mass concentration of 2-8% in grinding apparatus.
The principle of fiber grinding is that the
fibrous suspension flows in a continuous flow to the
knives of the working part of the apparatus, regardless
of the type of grinding apparatus, consisting of fixed
knives (stator) and rotating knives, which are located
on a drum, cone or disk (rotor). The gap passing
between the rotor and stator knives can be adjusted,
while the fibers are subjected to the cutting action of
the edges of the knives and are shortened or split in
the longitudinal direction, crushed by the end surfaces
of the knives, combed and fibrillated.

6  Technical science and innovation. No2/2024



CHEMISTRY AND CHEMICAL TECHNOLOGY

Fig.3. Cellulose fibers and small structures inside them: a) cellulose flber b) microcrystalline cellulose,
c) cellulose microfibrils, d ) cellulose nanofibrils , e ) cellulose nanocrystal from wood pulp,
f) cellulose microfibrils of animal (marine) origin, g ), h') cellulose nanofibrils from other sources.

The Schopper-Rigler instrument is used to
determine the ability of paper pulp to pass water
through itself; The data obtained characterize the
degree of development and grinding of fibers, as well
as the degree of their hydration during grinding.
Using the Schopper-Rigler device, you can determine
the degree of grinding of the mass.

Acid hydrolysis with weak hydrochloric acid
and alkaline hydrolysis with weak sodium hydroxide
solution are two stages of hydrolysis during the
processing of crushed cellulose pulp.

Hydrolysis of cellulose can be carried out using
mineral acids. Polysaccharide macromolecules
decompose into soluble fragments and dissolve the
latter in acid at 2040 °C by treating cellulose with
concentrated sulfuric or superconcentrated (41%)
hydrochloric acid.

The main apparatus for hydrolysis production
is the hydrolyser. The crushed cellulose is loaded into
the hydrolysis apparatus and diluted hydrochloric
acid is immediately pumped in and the upper neck is
tightly closed. Then the contents of the apparatus are
gradually heated with live steam and blown off to
remove air and volatile products. Within 30-40
minutes, the temperature is brought to 50°C and the

pressure to 0.5-0.7 MPa. During this time, a
significant part of the hemicelluloses is hydrolyzed
and goes into solution. Then they begin continuous
percolation, i.e., dilute hydrochloric acid heated to 70
° C is continuously fed into the hydrolysate apparatus
from above, and the hydrolyzate is continuously
removed from below.

The temperature of the contents in the
apparatus is brought to 80 - 90 ° C, the pressure is 0.9-
1.2 MPa, in the process of continuous percolation.
During this period, cellulose and the difficult-to-
hydrolyze part of hemicelluloses are hydrolyzed.
Macromolecules of polysaccharides are successively
shortened during hydrolysis. Thus, hydrocellulose is
first formed from cellulose, then cellodextrins
(consisting of  10-60  glucose  residues),
oligosaccharides (3-10 glucose residues), cellobiose
(disaccharide C12H22011) and glucose is formed. With
continuous percolation, the monosaccharides formed
from the reaction space are removed faster and their
destruction is reduced.

According to a given program, steam, water,
acid are supplied and hydrolyzate is selected, taking
into account the fact that as hydrolysis occurs, the raw
material shrinks and the content of polysaccharides in

Technical science and innovation. No2/2024 7
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it decreases. The action of the process is controlled by
the mass of substances contained in the apparatus; it
is determined by the readings of a weight meter, on
the scale of which zero corresponds to an empty
apparatus.

The process ends when the amount of acid
specified by the program is supplied to the hydrolysis
apparatus, as well as water to wash the lignin
remaining in the apparatus at the end of the process,
and the specified amount of hydrolyzate is removed
from it. Then the pressure is reduced to 0.6-0.7 MPa,
the quick-acting valve is opened, and the hydrolyzed
cellulose is blown into the cyclone in 0.5-1 minutes,
from where it is discharged through the holes in the
bottom of the cyclone using a rotating sump
mechanism.

Homogenization is a mechanical process
designed to reduce the fine particles present in a
liquid so that they become uniformly small in size and
distributed evenly. Decreasing the average particle
diameter increases the number of individual particles.
This leads to a decrease in the average distance
between particles and increases their surface area.
This process uses a high-pressure homogenizer
microfluidizer M-110-EH (see Fig. 4). The retracting
piston sucks the pulp down from the container into a
small chamber, then the piston moves forward,
pushing | (see Fig.5) are installed on the loop
sequentially: the first, the so-called auxiliary
chamber, is larger than the second, so the interaction
chamber. The required pressure of approximately
1600-1700 bar is needed to push the material through
the narrow chamber.

S FIIITIIIIIITL:
Valve ;Mfcrof/br/llated
Spring
Pulp
fibers
Impact Ring
Fig.4. High pressure homogenization process
diagram

As the product flows at high speed, the flow
impacts on wear-resistant surfaces to bring the
desired result inside the chamber, microchannels with
a fixed geometry are specially designed through
which the product flow will accelerate to high speeds,
creating high shear rates and forces.

The pump completes its pressure stroke as an
amplifier, this changes direction and attracts a new
volume of product. At the end of the intake stroke, it
reverses direction and again drives the product at
constant pressure, repeating the process. After exiting
the interaction chamber, the product flows through an
on-board heat exchanger, which regulates the product
to the desired temperature before exiting into the
finished product pool.

There is a significant problem in modern
industry - the development of an energy-efficient and
environmentally friendly technology for the
production of unique nanomaterials from available
cheap, reproducible raw materials. Currently,

research and development is underway in the use of
cellulose-containing raw materials, the results of
which are new types of nanomaterials. One such
unique material is nanocellulose.

Fig.5. Mlcroflwdlzer M-110-EH and interaction chamber design diagram

The raw materials for the production of
nanocellulose can be agricultural waste, algae,
bacteria, but the most accessible raw material is
cellulose from wood.

Nanocellulose production methods are divided
into two stages: chemical and mechanical, but most
often combined ones are used. One of the most
effective methods for producing nanocellulose on an
industrial scale is the combined method of acid

8  Technical science and innovation. Ne2/2024
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hydrolysis  with
homogenization.

First place on the market among the most
durable nanomaterials This nanocellulose is superior
to Kevlar and carbon nanotubes in a number of
respects. It is stronger than Kevlar, which, in turn, is
5 times stronger than steel, and nanocellulose can be
thinner than paper. Nanocellulose has the unique
properties of pseudoplasticity. Some of the most
important structural and molecular properties of
cellulose nanoparticles are geometric dimensions,
average crystallinity and average degree of
polymerization, which depend on the source of
cellulose materials, and mechanical properties, which
also depend on the cellulose-containing raw material.
Nanocellulose suspensions are shear thinning and
they have excellent water absorption capacity. These
properties make it possible to create ultralight and
ultrastrong materials from nanocellulose.

refining and  high-pressure

Conclusions

For wvast and diverse applications,
nanocellulose has the potential to become an
important class of renewable nanomaterials due to its
interesting physical, mechanical and chemical
properties,  abundance, light weight and
biodegradability. It can be used in medicine and the
food industry, as well as in construction and the
automotive industry. Nanocellulose is effectively
used in many areas of industry.
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