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METHOD OF OBTAINING SURFACTANTS BASED ON VARIOUS FATTY 
RAW MATERIALS

Akmalova Ilyana ― 3rd year student, specialty «Chemical technology of organic substances», Karaganda 
Industrial University, Temirtau, Kazakhstan
E-mail: ilyanaaa2000@gmail.com. ORCID ID: https://orcid.org/0000-0001-6634-5720;
Merkulov Vladimir ― Candidate of Chemical Sciences, Associate Professor of the Department of 
Chemical Technology and Ecology, Karaganda Industrial University, Temirtau, Kazakhstan
E-mail:  smart-61@mail.ru. ORCID https://orcid.org/0000-0001-8959-114X.

Abstract. In recent years, there has been an increased interest in obtaining and 
researching surfactants synthesized on the basis of natural raw materials.  Such surfactants 
are interesting because they are, as a rule, biodegradable. They are synthesized from 
natural raw materials: corn, coconut, palm and other oils. As an alternative to replacing 
vegetable raw materials in this scientific work, it was proposed to use raw materials of 
animal origin. In the Republic of Kazakhstan there is a problem with fat waste from 
meat processing enterprises.  In this work, the possibility of amidation of fatty acids that 
are part of fat in order to obtain cationic surfactants was discovered, that is, the results 
of this study can serve as a solution to the problem with fat waste. The production of 
surfactants using fatty raw materials does not always ensure the production of less toxic 
and less environmentally harmful surfactants than petrochemical production. However, 
taking into account the carbon dioxide cycle, chemical production based on renewable 
raw materials is always more preferable. That is why the work will be devoted to 
the study of the method of obtaining fatty acid ethanolamides based on animal raw 
materials. These compounds belong to a well-known class of cationic bactericides with 
a wide spectrum of antimicrobial activity. They are used as the main components of 
surfactants, personal hygiene products, cosmetics, softeners, dyes, biological dyes, 
antiseptics and disinfectants. That is, the relevance of the study lies in the fact that in the 
post-pandemic period there is a great need for bactericidal agents, which are synthesized 
surfactants. The synthesis was carried out by reacting diethanolamine with carboxylic 
acid at a temperature of 150°C, caustic potassium was used as a catalyst. The resulting 

https://doi.org/10.32014/2023.2518-1491.158
mailto:ilyanaaa2000@gmail.com
https://orcid.org/0000-0001-6634-5720
mailto:smart-61@mail.ru
https://orcid.org/0000-0001-8959-114X
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compounds have bactericidal properties and are used to eliminate many different types 
of household microorganisms.

Keywords: ethanolamides, cationic surfactants, bactericides, higher fatty carboxylic 
acids, diethanolamine, caustic potassium

© И. Акмалова*, В. Меркулов, 2023
"Қарағанды индустриалық университеті", Теміртау, Қазақстан.
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ТҮРЛІ МАЙ ШИКІЗАТТАРЫНЫҢ НЕГІЗІНДЕГІ БЕТТІК-АКТИВДІ 
ЗАТТАРДЫ АЛУ ӘДІСІ

Аннотация. Соңғы жылдары табиғи шикізат негізінде синтезделген беттік 
белсенді заттарды алуға және зерттеуге қызығушылық артты.  Мұндай беттік 
белсенді заттар қызықты, өйткені олар әдетте биологиялық ыдырайды. Олар 
табиғи шикізаттан синтезделеді: жүгері, кокос, пальма және басқа майлар. Өсімдік 
шикізатын алмастыруға балама ретінде осы ғылыми жұмыста жануарлардан 
алынатын шикізатты пайдалану ұсынылды. Қазақстан Республикасында ет өңдеу 
кәсіпорындарының май қалдықтарымен мәселе бар.  Бұл жұмыста катионды беттік 
белсенді заттарды алу үшін майдың құрамына кіретін май қышқылдарын амидтеу 
мүмкіндігі анықталды, яғни бұл зерттеудің нәтижелері май қалдықтарымен 
мәселені шешуге қызмет етуі мүмкін. Мұнай шикізатын пайдалана отырып, беттік-
белсенді заттарды өндіру әрқашан мұнай-химия өндірісіне қарағанда аз уытты және 
экологиялық зиянды беттік-белсенді заттарды өндіруді қамтамасыз ете бермейді. 
Дегенмен, көмірқышқыл газының айналымын ескере отырып, жаңартылатын 
шикізатқа негізделген химиялық өндіріс әрқашан жақсырақ. Сондықтан жұмыс 
Жануарлар шикізатына негізделген май қышқылдарының этаноламидтерін 
алу әдісін зерттеуге арналады . Бұл қосылыстар микробқа қарсы белсенділігі 
кең катионды бактерицидтердің белгілі класына жатады. Олар беттік белсенді 
заттардың, жеке күтім құралдарының, косметиканың, жұмсартқыштардың, 
бояғыштардың, биологиялық бояғыштардың, антисептиктердің және 
дезинфекциялау құралдарының негізгі компоненттері ретінде қолданылады. Яғни, 
зерттеудің өзектілігі пандемиядан кейінгі кезеңде синтезделген беттік белсенді 
заттар болып табылатын бактерицидтік агенттерге үлкен қажеттілік бар. Синтез 
150оС температурада диэтаноламиннің карбон қышқылымен әрекеттесуі арқылы 
жүзеге асырылды, катализатор ретінде каустикалық калий қолданылды. Алынған 
қосылыстар бактерицидтік қасиетке ие және тұрмыстық микроорганизмдердің 
көптеген түрлерін жою үшін қолданылады.  

Түйін сөздер: этаноламидтер, катионды беттік белсенді заттар, бактерицидтер, 
жоғары майлы карбон қышқылдары, диэтаноламин, каустикалық калий
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МЕТОД ПОЛУЧЕНИЯ ПОВЕРХНОСТНО-АКТИВНЫХ ВЕЩЕСТВ НА 
ОСНОВЕ РАЗЛИЧНОГО ЖИРОВОГО СЫРЬЯ

Аннотация. В последние годы наблюдается повышенный интерес к получению 
и исследованию поверхностно-активных веществ, синтезированных на основе 
натурального сырья.  Такие поверхностно-активные вещества интересны тем, 
что они, как правило, биоразлагаемы. Их синтезируют из натурального сырья: 
кукурузного, кокосового, пальмового и других масел. В качестве альтернативы 
на смену растительному сырью в данной научной работе было предложено 
использовать сырье животного происхождения. В Республике Казахстан имеется 
проблема с жировыми отходами мясоперерабатывающих предприятий. В данной 
работе было обнаружена возможность амидирования жирных кислот, входящих 
в состав животного жира с целью получения катионных поверхностно активных 
веществ, то есть результаты данного исследования  могут послужить решением 
проблемы с жировыми отходами. Производство ПАВ с использованием жирового 
сырья не всегда обеспечивает получение менее токсичных и менее экологически 
вредных ПАВ, чем нефтехимические производства. Однако с учетом круговорота 
углекислого газа химическое производство, основанное на возобновляемом 
сырье, всегда более предпочтительно. Именно поэтому работа будет посвящена 
исследованию метода получения  этаноламидов жирных кислот на основе 
животного сырья . Эти соединения относятся к хорошо известному классу 
катионных бактерицидов с широким спектром антимикробной активности. Они 
используются в качестве основных компонентов поверхностно-активных веществ, 
средств личной гигиены, косметики, смягчителей, красителей, биологических 
красителей, антисептиков и дезинфицирующих средств. То есть актуальность 
исследования заключается в том, что в постпандемический период существует 
большая потребность в бактерицидных средствах, которыми и являются 
синтезированные поверхностно-активные вещества. Синтез осуществляли путем 
взаимодействия диэтаноламина с карбоновой кислотой при температуре 150оС, 
в качестве катализатора использовался едкий калий. Полученные соединения  
обладают бактерицидными свойствами и применяется для ликвидации множества 
различных видов бытовых микроорганизмов.  

Ключевые слова: этаноламиды, катионные поверхностно-активные вещества, 
бактерициды, высшие жирные карбоновые кислоты, диэтаноламин, едкий калий

Introduction
To date, the synthesis of cationic surfactants is of interest to many researchers around 

the world. Ethanolamides of fatty carboxylic acids are cationic surfactants that combine 
disinfecting, wetting, foaming, anticorrosive and hydrophobic properties. Although 

mailto:ilyanaaa2000@gmail.com
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other types of surfactants such as anionic, nonionic and amphoteric surfactants have 
some antimicrobial activity depending on the specific biocide, cationic surfactants have 
the greatest antimicrobial activity. Unlike more common disinfectants (chlorine, phenol, 
sodium hypochlorite), they have the same useful properties as good solubility in water, 
the absence of unpleasant and pungent odor, the ability to exhibit their bactericidal 
properties even in large dilutions, while they are harmless to the human body.

The main part. Surfactants are one of the most typical chemical products that are 
consumed in large quantities every day all over the world. The word surfactant comes 
from the abbreviation of the terms "surfactant" and covers a group of molecules that are 
capable of changing the interfacial properties of liquids (aqueous or non-aqueous) in 
which they are present. The special properties of these molecules are their amphiphilic 
nature, which is due to the fact that each molecule of the surfactant has both a hydrophilic 
part and a hydrophobic (or lipophilic) part.  As a result, they concentrate at the interface 
of immiscible phases, reducing the interfacial tension.

 Depending on the nature of the hydrophilic fragment providing the affinity of the 
molecule to water, the main surfactants can be divided into anionic, cationic, amphoteric 
and nonionic classes. As for the hydrophobic part of the molecule, in most cases it 
is a hydrocarbon chain, but in some surfactants this hydrophobic part may be a non-
hydrocarbon chain, such as polydimethylsiloxane or perfluorocarbon.  

Although all individual surfactants have their own properties, some general 
characteristics can be attributed to each specific class. In the most general terms, the 
following can be said: the main points can be proposed regarding the practical advantages 
associated with different classes.  

Anionic surfactants are historically the earliest and most common surfactants. 
They are usually considered the "workhorse" in the detergent world. Accordingly, 
they are produced in the largest volumes and for the most part are inexpensive.  They 
are especially useful because of their excellent washing action and the efficiency of 
removing solid soil particles. This advantage is due to the fact that many substrates are 
negatively charged; anionites and derived molecular aggregates are not inclined to be 
firmly adsorbed on such substrates, thereby preventing the re-deposition of undesirable 
contaminants.

 Depending on the nature of the negatively charged head group, they exhibit different 
resistance to hydrolysis; sulfates are most prone to hydrolytic decomposition; at the 
same time, sulfonals are very stable.

 Anionic surfactants are also sensitive to water hardness ions to varying degrees; 
this fact may limit their use in hard water. The lower solubility in water and the specific 
interfacial properties of Mg salt sulfonates are sometimes positively used to optimize 
the detergent properties. Ethoxysulfates of alcohols are much less sensitive to alkaline 
earth metal ions than homologues of alcohol sulfates.

Amphoteric surfactants are usually used in combination with other surfactants 
(anionic or nonionic) to enhance desired properties, such as foaming or washing 
properties. Since the optimal activity of amphoteric agents is manifested at a neutral 
pH, they are especially valued as personal hygiene products (shower gels, bath foams, 
shampoos, etc.) for their softness and compatibility with the skin.
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Nonionic surfactants are particularly useful because of their low sensitivity to water 
hardness and pH.  Since they are compatible with charged molecules, they are easy to 
use in mixtures with other ionic surfactants, which often leads to useful associations. 
For example, non-ionic substances can contribute to the dissolution of calcium or 
magnesium salts of anion-active substances. The hydrophilic-lipophilic balance (GLB) 
of nonionic compounds can be regulated by properly balancing the number and nature 
of the polar links (ethylene oxide, propylene oxide, which form the hydrophilic part of 
the molecule with respect to the carbon chain.

 Ethoxylated nonionic surfactants exhibit a specific behavior with respect to 
temperature; in a given temperature range, their solubility decreases with increasing 
temperature, which leads to the deposition of surfactants at the "turbidity point".  

One of the most promising classes of surfactants is cationic surfactants, which 
include a number of synthesized fatty acid ethanolamides.

Cationic surfactants are characterized by very high substantiality on various 
substrates, especially on negatively charged ones, and subsequent surface modifications. 
Therefore, they are widely used as conditioning agents in the care of fabrics and hair 
care products. Some cationic compounds, such as dodecyldimethylbenzylammonium 
chloride or cetyltrimethylammonium chloride, are also used as bactericidal agents 
(bactericides and fungicides). Ethanolamides of higher carboxylic acids as surface-
active substances combine properties such as bactericidal ability, foaming ability. They 
are emulsifiers and stabilizers of emulsions, are widely used as flotation reagents in the 
enrichment of fossil raw materials. Ethanolamides are liquid viscous substances of an 
oily brown color, have a pleasant smell, and also have a moderately wide spectrum of 
antimicrobial activity, a residual bacteriostatic effect on treated surfaces, do not cause 
corrosion and are effective in a wide pH range. 

 Due to their chemical and physico-chemical properties, these substances are widely 
used in various industries. But these substances are of greater interest due to their 
bactericidal properties. In conditions of continuing risks of the spread of coronavirus 
infection, the need for the synthesis of these compounds with bactericidal properties 
is especially great. Since these fatty acid ethanolamides can become a key ingredient 
in many cleaning and disinfectants, including dishwashing liquids, hand soap, air 
fresheners and disinfectant sprays used in medical institutions, hospitals, schools, 
offices and homes.

Methodology of the analysis
Animal fat was used as a raw material for the synthesis of new compounds. The 

higher carboxylic acids included in the fat react with diethanolamine. The qualitative 
and quantitative composition of carboxylic acids in fat is shown in Table 1. Caustic 
potassium was used as a catalyst. Amines were responsible for the hydrophilic part of 
future surfactants. 

Table 1 – Quantitative composition of carboxylic acids in fat
Raw material Acids that are part of fat, their quantitative content in fat(%)

Stearic Palmitic Myristic Oleic Linoleic Arachidonic Other acids
Pork fat 17,9 30,4 1,1 41,2 5,7 2 1,7
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Goose fat 15 31,2 3 30 19,3 - 1,5
Chicken fat 10 28,6 2,1 39,8 18 1 0,5

The process of chemical interaction between amine and carboxylic acid:

100 g (0.06 mol) of animal raw materials and 36 ml (0.18 mol) of diethanolamine 
were loaded into a beaker and heated to 100°C, a catalyst was added – 0.2 g KOH. The 
reaction mixture was slowly heated to 150°C and kept at this temperature for 3 hours. 
Synthesis based on raw materials is shown in Figure 1.

Fig. 1 - Synthesis based on raw materials

After 1 hour, changes begin to occur in the beaker, namely, diffusion occurs in 
the section of the boundary of the two phases, that is, chemical interaction between 
the amine and the acid.  After 2 hours, the reaction mixture acquires a homogeneous 
medium, and the surfactant acquires a pronounced yellow-brown color. At the end of 
the synthesis of surfactants, studies of the physico-chemical parameters of the samples 
were carried out: their foaming ability, hydrogen index, color, smell, etc. Samples of 
synthesized surfactants are shown in Figure 2.

Fig. 2 - Samples of synthesized surfactants
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The physico-chemical parameters of the obtained surfactants of fatty acids of animal 
fat are presented in Table 2.

Table 2- Physico-chemical parameters of surfactants

Name of parameters
Surfactants, based on raw materials
Pork fat Chicken fat Goose fat

Appearance and consistency Oily viscous liquids
Colour Light yellow Dark brown Light brown
Mass fraction, %
- free caustic alkali
- free carbon dioxide soda
- insoluble impurities

0,18
0,7
0,3

0,15
0,6
0,4

0,1
1
0,5

  
The main indicator of the action of surfactants is their foaming ability.  Foaming 

capacity is the volume of foam formed under certain conditions (temperature, surfactant 
concentration, foaming method) from a certain volume of solution. A quantitative 
measure of this property can be the volume of the foam obtained and the time of its 
existence. The formation of a stable foam indicates a good quality of the surfactant, 
therefore, this property is also tested in the conditions of industrial synthesis of these 
compounds. 

The foaming ability of the surfactant was determined according to GOST 22567.1–
77 by measuring the height of the foam column obtained by shaking several drops of 
the studied surfactant and a certain volume of distilled water in a measuring cylinder. 
(Figure 3) 

Fig.3 - Study of foaming capacity
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The following sample 1 is pork fat fatty acid diethanolamide, foaming capacity – 25 
mm;

The following sample is 2 – diethanolamide fatty acids of chicken fat, foaming 
capacity -20 mm;

The following sample is 3 – diethanolamide fatty acids of goose fat, foaming capacity 
– 20 mm;

The determination of the value of the hydrogen index was also carried out. 
Depending on the pH level, concentration and activity of active substances, detergents 
are conditionally divided into weak, medium and strong. Accordingly, each of these 
classes is designed to remove contaminants of varying severity. The results of the 
conducted studies are shown in Table 3.

Table 3 – Results of determination of surfactant indicators
Surfactants pH Foaming ability Foam stability
Surfactant on pork fat 8 25 mm Stable
Surfactant on chicken fat 7 20 mm Stable
Surfactant on goose fat 8 20 mm Stable

The bactericidal properties of the synthesized surfactants were also determined. 
Mold was previously grown in a thermostat at 37°C for 48 hours .

  
Fig. 4 - Biobox

Then sterile petri dishes were taken, 1 ml of a 1 % working disinfectant solution was 
poured, and mold was added using sterile tweezers and samples were left for 24 hours..

 

  
Fig. 5 - Mold samples
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The next day, mold samples without bactericide and a mold sample with bactericide 
were studied on a microscope.

                        
                      Figure 6 - Control sample                           Figure 7- Mold samples after surfactant treatment

Conclusion
At the end of the analysis, ethanolamides and fatty acids were obtained, as evidenced 

by the changes in the glass, namely: after 1 hour of time, the two phases begin to mix, 
resulting in a reaction and the liquid in the glass becomes homogeneous; there is an 
external change in the color of the reagents in the glass.

It has been established that on the basis of animal raw materials containing fatty 
acids in their composition, it is possible to obtain products of amidation of these acids, 
that is, as an alternative to vegetable raw materials, it is possible to replace them with 
animal raw materials. The results of this study can serve as a solution to the problem of 
fat waste from meat processing plants.

The obtained results of the main quality indicators meet the requirements of the 
technical specifications of various manufacturers, which indicates the good quality of 
the products obtained, also of the 3 samples studied – pork fat fatty acid diethanolamide 
has a better foaming ability. Also, all surfactants showed the property of suppressing 
the biocenosis of fungal and mold bacteria. In conditions of the risk of the spread 
of coronavirus infections, the synthesis of substances with bactericidal properties is 
quite relev. At the end of the analysis, ethanolamides and fatty acids were obtained, 
as evidenced by the changes in the glass, namely: after 1 hour of time, the two phases 
begin to mix, resulting in a reaction and the liquid in the glass becomes homogeneous; 
there is an external change in the color of the reagents in the glass.

It has been established that on the basis of animal raw materials containing fatty 
acids in their composition, it is possible to obtain products of amidation of these acids, 
that is, as an alternative to vegetable raw materials, it is possible to replace them with 



14

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

animal raw materials. The results of this study can serve as a solution to the problem of 
fat waste from meat processing plants.

The obtained results of the main quality indicators meet the requirements of the 
technical specifications of various manufacturers, which indicates the good quality of 
the products obtained, also of the 3 samples studied – pork fat fatty acid diethanolamide 
has a better foaming ability. Also, all surfactants showed the property of suppressing 
the biocenosis of fungal and mold bacteria. In conditions of the risk of the spread of 
coronavirus infections, the synthesis of substances with bactericidal properties is quite 
relevant.
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