
 

Алматы технологиялық университетінің хабаршысы. 2024. №4. 

 

 

 
164 

УДК 677.1                                                             https://doi.org/10.48184/2304-568X-2024-4-164-170 

ГРНТИ 65.63.39 

 
STUDYING VARIOUS METHODS FOR DETERMINING 

RESIDUAL LIGNIN IN BAST FIBERS 

 

1M.B. OTYNSHIYEV ,1A.N. ASSANOVA *,1A. ERKINKYZY , 

1B.ZH. NIYAZBEKOV ,2M. TOISHIMANOV  

 
(Almaty Technological University, Republic of Kazakhstan, 

050012, Almaty, Tole bi str., 100, 

Institute of Plant Biology and Biotechnology, 

Republic of Kazakhstan, 050040, Almaty, Timiryazev str., 45) 

Corresponding author e-mail: aleka_09.21@mail.ru* 

 

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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Бұл мақалада техникалық кендірдегі қалдық лигнинді анықтау үшін әртүрлі әдістерді зерттеу және 

салыстыру жүргізіледі. Лигнин-өсімдік құрылымына қаттылық пен беріктік беретін өсімдік 

жасушаларының қабырғаларының негізгі компоненттерінің бірі болып табылатын күрделі полимер. 

Өнеркәсіпте қағаз, мата және басқа да бұйымдар жасау үшін қолданылатын техникалық кендір үшін 

қалдық лигниннің құрамын бақылау маңызды, өйткені оның артық болуы соңғы өнімнің сапасына және 

өңдеу процестеріне әсер етуі мүмкін. Жұмыс барысында лигнинді анықтаудың қолданыстағы әдістеріне, 

соның ішінде химиялық тәсілдерге шолу жасайды. Олардың тиімділігі, дәлдігі және техникалық кендір 

контекстінде қолданылуы салыстырылады. Қалдық лигнинды анықтауда уақыт, ванна модулі және 

температура сияқты әртүрлі факторлардың әсері бағаланады және регрессия теңдеуі анықталды. 

Зерттеуде бастапқы лигнинді жою үшін қышқылмен және сілтіні пайдалану, одан кейін қалдық лигнинді 

анықтаудың бірнеше әдістерін, оның ішінде 72 % күкірт қышқылы мен 2% тұз қышқылы арасында экспе-

рименттік салыстыру жүргізіледі. Алынған мәліметтер кесте күйінде беріліп, талданып, толық және бір 

факторлы регрессия бойынша графиктер жасалынады. Бұл жұмыстың негізгі мақсаты сапаны бақылау 

және өндірістік процестерді оңтайландыру үшін өнеркәсіпте қолдануға болатын техникалық кендірдегі 

қалдық лигнинді анықтаудың ең дәл, сенімді және тиімді әдісін анықтау. Зерттеу нәтижелері кендір 
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өңдейтін кәсіпорындар үшін, сондай-ақ техникалық өсімдіктердің қасиеттерін зерттейтін ғылы-ми 

зертханалар үшін пайдалы болуы мүмкін. 

 

Негізгі сөздер: кендір, лигнин, тоқыма, шикізат, техникалық талшықтар. 
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В данной работе проводится исследование и сравнение различных методик для определения 

остаточного лигнина в технической конопле. Лигнин – это сложный полимер, являющийся одним из 

основных компонентов растительных клеточных стенок, который придает структуре растений 

жесткость и прочность. Для технической конопли, которая используется в промышленности для 

производства бумаги, тканей и других изделий, важно контролировать содержание остаточного лигнина, 

так как его избыток может влиять на качество конечной продукции и процессы обработки. При 

определении остаточного лигнина оценивается влияние различных факторов, таких как время, модуль 

ванны и температура, и определяется уравнение регрессии. В исследовании проводится экспери-

ментальное сравнение нескольких методов определения остаточного лигнина с использованием кислоты и 

щелочи для удаления первичного лигнина, включая 72% серной кислоты и 2% соляной кислоты. Полученные 

данные представляются в табличном состоянии, анализируются, составляются графики по полной и 

однофакторной регрессии. Основной целью данной работы является выявление наиболее точного, 

надежного и эффективного метода для определения остаточного лигнина в технической конопле, который 

может быть использован в промышленности для контроля качества и оптимизации производственных 

процессов. Результаты исследования могут быть полезны для предприятий, занимающихся переработкой 

конопли, а также для научных лабораторий, занимающихся изучением свойств технических растений. 

 

Ключевые слова: конопля, лигнин, текстиль, сырье, технические волокна. 

 

Introduction 

Lignin is one of the main components of 

plant cell walls, which gives the structure of plants 

rigidity and strength. It plays a key role in ensuring 

the mechanical stability of plants, as well as 

protecting them from destruction by micro-

organisms. However, in an industrial context, 

especially in the production of hemp, lignin may be 

an undesirable component, since its presence can 

make processing difficult and affect the quality of 

the final product [1]. Technical hemp, 

characterized by a low content of psychoactive 

compounds, is actively used in various industrial 

fields, including the pro-duction of textiles, paper, 

biocomposites and building materials. In these 

processes, excess lignin can complicate the 

processing of hemp fiber, reduce the quality of 

products, and increase production costs [2]. The 

deter-mination of residual lignin in industrial hemp 

is important for optimizing industrial pro-cesses, 

product quality control and improving 

environmental sustainability. However, there are 

currently many different methods for determining 

the lignin content, each of which has its own 

advantages and limitations. The purpose of this 

study is to review and com-pare various techniques 

for determining resi-dual lignin in industrial hemp. 

In the course of the study, chemical methods are 

considered, their accuracy, reproducibility and 

applicability in industrial production condi-tions 

are evaluated [3,4]. The study will also include an 

experimental analysis aimed at comparing the 

effectiveness of various met-hods, identifying 

possible sources of errors and determining the most 

reliable and accurate methodology for use in an 

industrial context. The results of this study will be 

of practical importance for enterprises engaged in 

the processing of cannabis, as well as for 

researchers studying the properties of industrial 

plants and developing new methods of their 

analysis [5]. 
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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 90С°;  

 - 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 

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 machinе 

 

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 

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 ℃ 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." 

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), 2.5% urea (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℃ 110 ℃ 120 ℃ 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. 

 

Table 1. Residual lignin content in hemp 
 

№ Yi mi �̅� 𝑆2 

1 7,70 7,50 7,00 6,65 6,21 5,96 5,53 4,97 5,50 4,90 10 6,19 0,9979 

2 7,90 7,75 7,30 6,90 6,37 6,23 5,03 4,73 5,87 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 X2, 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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