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This paper investigates and compares various methods for determining residual lignin in industrial hemp.
Lignin is a complex polymer that is one of the main components of plant cell walls, which gives rigidity and strength
to the plant structure. For industrial hemp, which is used in the industry for the production of paper, fabrics and other
products, it is important to control the residual lignin content, since its excess can affect the quality of the final product
and processing processes. When determining residual lignin, the influence of various factors such as time, bath
module and temperature is assessed, and a regression equation is determined. The study experimentally compares
several methods for determining residual lignin using acid and alkali to remove primary lignin, including 72% sulfuric
acid and 2% hydrochloric acid. The obtained data are presented in a tabular state, analyzed, graphs are made for full
and single-factor regression. The main objective of this work is to identify the most accurate, reliable and effective
method for determining residual lignin in industrial hemp, which can be used in industry for quality control and
optimization of production processes. The results of the study can be useful for enterprises engaged in hemp
processing, as well as for scientific laboratories studying the properties of industrial plants.
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byn makanaoa mexnuxanvlk KeHOipoezi KanovlK JUCHUHOI AHBIKIMAY YUiH apmypai 20icmepoi 3epmmey Hcane
canvicmolpy scypeizinedi. JIueHuH-0CiMOIK  KYpolibIMblHA KAMMBLILIK HeH  0epikmik  Oepemin  0cimoik
AHCACYUATIAPBIHBIY, KAOBIPANApLIHLIY, He2i32i KOMNOoOHeHmmepiniy 0ipi Oonvin maodvliamvln Kypoeii nojumep.
Ouepkacinme Kazasz, mama dycoHe 0AcCKa 0a OyuviMoap icacay yuwlin KoJ1OAHbLIAMbIH MEXHUKANLIK KEHOIp yulin
Ka10blK JTUZHUHHIN KYPAMbIH 0AKbLIAYy MAHBI30bl, OUMKEHI OHbIH APMBIK (OIybl COHEbl OHIMHIH CANACLIHA JHCIHE
oHOey npouecmepine acep emyi Mymkin. Kymoic dapvicoinoa nuznundi aHblKmMayovly Koi0anvicmaesl aoicmepie,
COHBIH, TWiIHOe XUMUANBIK macinoepze wiouy ixieacaiovl. Onapovtyy muimoinizi, 0an0ici Hcane mMexHUKaIblK KeHoip
KOHmeKcminoe KOJI0aHbLAYbl CalbIiCmblpbliadsl. KanovlK 1uzHUHObl AHBIKMAYOa YaKblm, 6AHHA MOOYIL JHcIHE
memnepamypa CUAKmMul 3pmypai paxmopaapoviy acepi 6a2ananadwvl Heane pezpeccus nmeHoeyi AHbIKmaaobwl.
3epmmeyode 6acmankbl TUZHUHOL JHCOI0 YUITH KbIUKBUIMEH JCaHe CIImini naildanamny, 00an Keiin KaaiovlK JUZHUHOL
anbIKmayowty, dipneuie 20icmepin, onwty, iwinoe 72 % Kykipm Koluikolivl Men 2% my3 KbluiKblabl apacslnoa IKcne-
PUMEHMMIK CanblCmulpy MHCyp2izineodi. Anvinzan manimemmep Kecme Kyiinoe 6epinin, maioansvin, moJblK HcoHe oip
gaxmopnvl pecpeccus Gouvinma cpaguxmep sxncacanvinadvl. byn sicymvicmoly nezizei makcamul canansl 6axpliay
JHcane OHOIpicmiK npouecmepoi OHMAUNAHOBIPY YULiH OHEPKICinme KOJ10aHy2a 6o1amvlH mexXHUKANbIK KeHOipoezi
K@10bIK TUZHUHOI AHbIKMAYObIY ey 0d]l, CeHIMOI JcaHe muimoi 20icin anviKmay. 3epmmey Hamuodicenepi KeHoip
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OHOelimin KaCIinopviHOap yWwiiH, COHOAN-AK MEXHUKAIbIK 0ciMOiKmepoiy Kacuemmepin 3epmmeiimin 2vliibl-Mu
3epmxananap ywin namioaavl 60aysl MyMKiH.

Heri3ri ce3nep: keHaip, JUrHUH, TOKBIMA, IIMKI3aT, TEXHUKAJIBIK TAJIIBIKTAP.
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B oOaunon pabome npoeodumcsa ucciredoeanue u cpasHenue paziudHLIX MemOOUK 071 OnpedeeHus
0CMAMOYHO20 TUZHUHA 6 MEXHUYEeCKol KoHuone. JIuznun — 3mo cnojcnolil noaumep, AGAAOWUNCA OOHUM U3
OCHOGHBIX KOMNOHEHMO068 PACIMUMENbHLIX KIeMOYHLIX CHMEHOK, KOMOpblil npudaem CmpyKmype pacmenuil
Jcecmkocmov u npouHocmo. [na mexnuueckoil KOHONIU, KOMOPAA UCNOJIb3Yemcs 6 NPOMbIULIEHHOCU 071
npouseoocmea dymazu, mKaueil u Opy2ux u30eull, 6a3NCHO KOHMPOIUPOEAMDb COOEPICAHUE OCIMAMOUHOZ0 TUSHUNA,
MaK Kak e2o0 u30blmoK Modicem 6auAmb HA KA4ecmeo KOHeyHOoU npooyKuuu u npoueccol obpadomku. Ilpu
onpedenieHUU 0CMAMOYHO20 TUCHUHA OYCHUGACNMICA GIUAHUE PA3IUYHBIX (PAKMOPOS, MAKUX KAK 6peMs, MOOYb
6anHbl U memnepamypa, u onpeoensemcs ypasHenue pecpeccuu. B uccnedosanuu nposooumcsa Ixcnepu-
MEHMAnbHOEe CPAGHERIUE HECKONBKUX MEMOO08 ONPEOEeHUA OCIMAMOYUHO20 TUZHURA C UCNOIb306aNHUEM KUCTIOMbL U
wenouu 0114 yoaienusa nepeutHo20 1UZHUNA, 6Kkntouan 72% cepuoii kucnomut u 2% conanoi kucnomut. Ilonyuennvie
OaHnHble NPeOCmMAsNAIOMCA 6 MAOIUYHOM COCHOAHUU, AHATUZUPYIOMCA, COCMAGNAIOMCA ZpauKu no noaHOU U
oonogpakmopnoii pezpeccuu. OCHO6HOU UeNbl0 OAHHOU PAdOmMbl AGNAEMCA @blAGNEHUE HaAubdo1ee MOUHO20,
HA0ENHCHO20 U IPpeKmusnozo menooa 011 onpeoenenus OCmanmoyHoz0 TUHUHA 6 MEXHUYECKOIl KOHON1e, KOmOopblil
Modicem 0blmb UCNOJIL306AH 6 NPOMBIUWICHHOCMU Ol KOHMPOAA KAYecmea u OnmumMu3ayi npou3600CmeeHHbIX
npoueccos. Pesynomamol uccnedoganus mozym 6vims noie3nvl 014 NPEOnPUAMUIL, 3AHUMAIOUUXCA NEPEPAOOMKOIl
KOHONU, a maxoice 014 HAYYHBIX 1A00PAMOPUIL, 3AHUMAIOUAUXCA UZYUEHUEM CEOLICHIE MEXHUYECKUX PACHEeHUIl.

KiroueBble ciioBa: KOHOIUIA, IUTHUH, TEKCTU/Ib, CbIPbE, TCXHUYIECCKHE BOJIOKHA.

Introduction environmental sustainability. However, there are

Lignin is one of the main components of currently many different methods for determining
plant cell walls, which gives the structure of plants the lignin content, each of which has its own
rigidity and strength. It plays a key role in ensuring advantages and limitations. The purpose of this
the mechanical stability of plants, as well as study is to review and com-pare various techniques
protecting them from destruction by micro- for determining resi-dual lignin in industrial hemp.
organisms. However, in an industrial context, In the course of the study, chemical methods are
especially in the production of hemp, lignin may be considered, their accuracy, reproducibility and
an undesirable component, since its presence can applicability in industrial production condi-tions
make processing difficult and affect the quality of are evaluated [3,4]. The study will also include an
the final product [1]. Technical hemp, experimental analysis aimed at comparing the
characterized by a low content of psychoactive effectiveness of various met-hods, identifying
compounds, is actively used in various industrial possible sources of errors and determining the most
fields, including the pro-duction of textiles, paper, reliable and accurate methodology for use in an
biocomposites and building materials. In these industrial context. The results of this study will be
processes, excess lignin can complicate the of practical importance for enterprises engaged in
processing of hemp fiber, reduce the quality of the processing of cannabis, as well as for
products, and increase production costs [2]. The researchers studying the properties of industrial
deter-mination of residual lignin in industrial hemp plants and developing new methods of their
is important for optimizing industrial pro-cesses, analysis [5].

product quality control and improving
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Hemp is the most promising domestic
vegetable raw material capable of fully replacing
cotton and ensuring the strategic and financial
independence of the country. Bast cellulose has a
very high quality and can be used in the production
of various grades of paper and other industrial
products based on cellulose. At the same time,
cannabis can be produced in various climatic zones
of the country, including in regions where the
cultivation of other crops is ineffective. Hemp fiber
is long and coarse, but has good strength. Thus,
these fibers are the strongest, most durable and
strong among plant fibers and do not rot when
exposed to water for a long time. [6,7]. Many
products are made from hemp fiber, such as fabrics
and canvases. tarpaulin, burlap, ropes, cords and
valuable paper. Hemp fabrics are antimicrobial,
antistatic and hygienic, can absorb up to 30% of
sweat and 95% of ultraviolet rays. Hemp clothing
is recom-mended for people prone to skin allergies,
rheumatism and spinal diseases. The service life of
clothing made from such materials is several times
higher than that of their main competitors. Hemp
materials are not only very dense, but they also do
not stretch, while they can retain their shapes and
proportions [8,9,10]. The porosity of the hemp
fibers allows the fabric to absorb moisture better,
and therefore color loss during washing is minimal.
This allows the body to "breathe" during extreme
heat while keeping cool. Hemp seeds contain about
30-35% oil, 20% starch, 18-23% protein, 15%
fiber, 4-5%. The material made of hemp is very soft
and durable, durable. With constant application,
the qualities and properties of the fabric are
enhanced.

The durability of the fabric is supported by
the special structure of hemp fibers: - stable
resistance to external influences;

- the material does not deform it also does
not deteriorate when washing the 90C°;

- the material does not lose shape during
use. With constant wear, hemp does not allow
pathogenic viruses and micro-organisms to
develop, and does not create conditions that
interfere with metabolic processes in the skin. In
addition, hemp fabrics gently interact with the skin,
and are able to protect the skin from the harmful
effects of the external environment, an unfavorable
combination of temperature and humidity, heavy
metal salts, and the negative effects of excessive
ultraviolet radiation [11,12]. Ultraviolet radiation
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is delayed by hemp fabric by almost 95%, whereas
other fabrics are only 30-50%. Such fabrics possess
the highest degree of durability and, when
processed, can preserve useful and necessary, as
well as valuable qualities of natural material. In the
twentieth century, the production of industrial
hemp declined. The persecution is related to the
fight against the spread of drugs. In the last two
decades, in the wake of the popularity of
reasonable con-sumption and environmental
friendliness, hemp fabrics have been gaining
popularity. And flax and hemp are becoming the
main raw materials for ecotextiles [13,14]. In most
countries, decorative and technical cannabis of the
Cannabis Sativa variety is allowed for cultivation.
Fabric, yarn, building insulation, ropes are made
from it. The processing and cultivation of cannabis
does not harm nature. And the resulting fibers are
hypoallergenic [15].

Materials and research methods

The following raw materials were used for
testing. Cannabis variety: Santhica 70. Santhica 70
contains few CBD cannabinoids, and this
"negative” characteristic limits its use in the
production of light cannabis. The THC content is
less than 0.6%, while the CBD cannabinoid content
is zero. When growing outdoors, an annual mid-
late cycle is used, and the yield per square meter is
very high. Santhica 70 is a French variety, the
production of which is aimed at obtaining fiber and
seeds. Genotype: Annual. Climate adaptability:
Central and Northern Europe. Growing season: 120
days. Height: 2.0 - 3.0 meters. Full bloom: July.
[21] Place of cultivation: Kostanay region,
Moscow region. The fiber of their stems was
obtained in laboratory conditions at the Almaty
Technological University
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Figure 1. Hemp stem

The hemp stalks were dried for 2 months
until a moisture content of 10-12% was reached.
Then they were processed on a grinding line

consisting of one grinding machine, one shaking

machine. The 2,3 - figure shows the used equip-
ment.

Figure 2. The grinding machine

Figure 3. The loosening and shaking machine

The dissolution of lignin from cannabis is an
important process that has several practical
applications and purposes.

Lignin is the main component of
lignocellulose plants, which gives strength and
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rigidity. To obtain pure cellulose, lignin must be
removed.

To conduct a complete factor experiment to
obtain a regression model of lignin removal, an
apparatus was used, which in Figure 7 HG2009 is
a coloring machine.
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Figure 4. The coloring machine HG2009

Sample Determination of the equation of the
influence of temperature, time and modulus of fiber
processing on the residual content of lignin. The
process of removing lignin from hemp includes
sulfonation and alkali treatment, where various
treatment modes are used to study the effect of
temperature on the effectiveness of delignification.
The above processing mode provides for working
with samples of different weights and under different
temperature conditions. If we consider the process in
more detail:

preparation

- Sample weight: 30 g.

- Module: 1:10, 1:15, 1:20.

- Time Sulfonation

The first stage is sulfonation, which uses
sulfuric acid (H2SO4) to prepare the material for
further alkali treatment. First, we will measure our
sample and put it in a jar as on the 8-rusinka. The
samples are placed on a dyeing machine at a
temperature of 100 °C for 1 hour. Sulfonation
solution: A sulfonation solution is used for each
sample, which contains 9 g/l of sulfuric acid in 300
ml of water. When adding sulfuric acid to water in
the laboratory, always remember the main rule:
"Add acid to the water, not the other way around."

Table 1. Residual lignin content in hemp

If you pour water into the acid first, a strong
reaction may occur and the acid will start to spray,
it is dangerous.

Alkali treatment After sulfonation, the
samples are subjected to alkaline treatment for
further decomposition of lignin. Solution for
alkaline dissolution: the composition of the
solution includes 4.5% sodium hydroxide (1.35 g),
2.5% sodium silicate (0.75 g), 0.6% sodium sulfite
(0.18 g), 25% wurea (0.75 g) and 2.5%
tripolyphosphate (0.75 g) in 300 ml of water.
Temperature conditions. The samples undergo
three stages of processing at different temperatures:
100°C 110 °C 120 °C The purpose of this scientific
study is to vary the temperature conditions and
modulus to obtain more accurate data on which
temperature removes lignin most effectively. The
results of this study may help to further optimize
the processing of cannabis in an industrial
environment.

Results and discussion

The results showed that with the applied
methods of separating lignin from hemp fibers,
lignin dissolves to the desired value.The results of
the decrease in lignin can be seen in Table 1.

Ne Yi mi >Y S?
1 7,70 | 7,50 7,00]| 6,65 | 6,21 | 596 | 553 | 4,97 | 550 | 490 | 10 6,19 | 0,9979
2 790 | 7,75 7,30] 6,90 | 6,37 | 6,23 | 503 | 4,73 | 587 | 6,12 | 10 6,42 | 0,7791
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Conclusion

The production of hemp fibers in our country
is relatively new, but the promising industry is, in
our opinion, industrial the cultivation of permitted
varieties of hemp has improved the country's
economy to the appropriate level helps to lift.
Industrial hemp farming in Kazakhstan the issue of
production began to rise.

Hemp production is waste-free. Obtained as
a result of shaking and combing waste is mainly
used for the production of technical materials, and
the production of lignin biofuels, chemicals
obtained from hemp, soil can be used for
improvement, bioplastics, biomass and even
medicine. For growing vegetable and fruit crops
according to a hydroponic system for the purpose
of use to make substrates and to make solid biofuels
head fibers-waste from fire processing for safety it
is necessary to study. At the moment, some
problems have been solved, for example: quadratic
mean deviation, coefficient of variation, variance
and confidence interval. We the studied technology
summarizes the determination of residual lignin-
the variation is the largest by looking at the
regression equation as a result of the analysis the
value is Xy, i.e. the temperature in the process of
removing lignin than in others more affects the
time and module after it. - Two for the significance
level of 0.05 according to the Laplas criterion in the
Z-sided test, the critical value is about 1.96. Z-
statistics - 0.546 does not exceed this limit, which
indicates a lack of importance. - Fisher criterion of
0.05 and 9 degrees of freedom of significance for a
level of F the critical value is about 3.179 or two
for a one-way Test 4,026 for the side test. the
resulting 1,131 F statistic is from the critical value
since it is significantly smaller, it statistically
shows the variance between the two samples shows
that it can be considered equal. 81 - Student's
aneurysm t-test based on the T-test performed on
average values the difference between the two
samples is not statistically significant, because the
T-statistic is much less than the critical value of -
0.545, and the p-value is 0.05 much higher than the
value level. These are two data sets it is enough to
prove that the difference between it means that
there is no evidence. What we conclude through
these criteria is that the residual lignin effective in
detection in two methods.
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