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Waste from oil and fat production as a promising raw material for the synthesis
of fatty acid amides

The fat and fat industry of Kazakhstan plays an important role in the country's agro-industrial complex,
providing for the production of vegetable oils, fats and related products. However, this sector also
generates a significant amount of waste, including fatty acids, soap glue, sediment and other by-
products, which often remain unclaimed or are disposed of with low added value.

With the growing interest in closed-loop technologies and the rational use of natural resources, waste
from oil and fat production is a valuable source of raw material for chemical synthesis. In particular,
they can be used to obtain fatty acid amides - compounds with a wide range of applications as
surfactants, lubricants, polymer modifiers and components of biodegradable materials.

This article discusses the prospects for processing waste from the oil and fat industry of Kazakhstan into
fatty acid amides.

Key words: fatty acid amide, surfactants, bactericidal activity, fatty acid, diethanolamine, oil and fat
waste.

Main body

Amino derivatives of fatty acids are an important class of chemical compounds with unique properties,
which makes them in demand in various industries. These compounds are used in the production of cosmetics,
detergents, dietary supplements, and are also used as emulsifiers, stabilizers, and surfactants [1].

Due to the growing need for environmentally friendly and effective chemical compounds, the
development of more advanced methods for the synthesis of amino derivatives of fatty acids based on the use
of affordable and renewable raw materials, including industrial waste, is becoming an urgent task.

The synthesis of amino derivatives of fatty acids requires a raw material base that must be economically
viable and environmentally safe. In recent years, more and more attention has been paid to the use of waste
from various industries to obtain valuable chemical compounds. Among such industries, the food,
petrochemical and agricultural industries stand out, the waste of which can serve as a valuable source of fatty
acids for their further conversion into amino derivatives.

The food industry is one of the most promising sources of raw materials for obtaining fatty acids. In the
process of processing products, large volumes of fatty and oil waste are formed, which can be used to
synthesize amino derivatives.

The meat and dairy industry produces significant volumes of fats that are not used in the production of
final products. These wastes can be processed into fatty acids, which can then serve as raw materials for the
synthesis of amino derivatives.

Fat residues from meat products and cream from dairy production can be hydrolyzed to isolate fatty acids,
such as stearic, oleic and linoleic acids.

The production of vegetable oils (sunflower, soybean, palm) also produces waste, which includes
unnecessary fat fractions. This waste can be used to isolate fatty acids and their subsequent use in chemical
synthesis. Residues from the production of sunflower oil contain linoleic and linolenic acids, which can form
the basis for the synthesis of amino derivatives.

In plant growing, the main source of fatty acids can be waste after harvesting oil crops such as sunflower,
soybean and rapeseed. These wastes can be processed into fatty acids, which will reduce the load on natural
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resources and reduce waste volumes. Sunflower residues after oil pressing contain residual fatty acids that can
be used for chemical synthesis [2].

The use of industrial waste for the synthesis of amino derivatives of fatty acids has significant economic
and environmental benefits, which makes this approach increasingly attractive in the context of the desire for
sustainable development. Recycling waste from the food, petrochemical and agricultural industries allows not
only to minimize costs, but also to reduce the negative impact on the environment.

Using waste as a source of raw materials reduces the cost of acquiring new components, as waste often
has low or no value. This is especially true for fatty acid amino derivatives, as their traditional precursors are
often expensive. Saving on raw materials helps reduce overall production costs and increase profitability.

Industrial waste requires costs for its disposal and storage, which leads to additional costs for enterprises.
Recycling this waste into useful products reduces the costs of its disposal, transportation and other aspects of
disposal, helping to reduce production costs as a whole.

The production of fatty acid amino derivatives from waste allows for the creation of value-added
products. This opens up prospects for introducing new products to the market at competitive prices, which
creates opportunities for additional income and new sources of profit for enterprises.

Using local waste reduces dependence on imported raw materials, which can be beneficial in terms of
logistics and transportation costs. It also supports regional economies and can create additional jobs in the field
of waste recycling. Recycling waste to produce fatty acid amino acids helps reduce the volume of waste sent
to landfills. This reduces the area needed for landfilling, extends the life of landfills, and reduces the risk of
groundwater and soil contamination from waste [3].

Recycling waste reduces CO, and other greenhouse gas emissions associated with the production of raw
materials from primary sources. Using waste also reduces emissions associated with the transportation of raw
materials and their disposal, which reduces the carbon footprint and helps combat climate change.

Industrial waste may contain toxic substances that pollute the environment if improperly disposed of.
Recycling them to fatty acid amino acids helps reduce emissions of harmful substances and improve
environmental quality. This approach minimizes the risk of soil, water, and air pollution.

Recycling waste helps use natural resources more rationally, reducing the need to extract new raw
materials. This helps conserve natural resources and promotes their sustainable management, which is an
important part of an environmentally responsible approach to production. Using waste as a raw material for
the production of amino derivatives of fatty acids supports the concept of a closed-loop economy, in which
waste from one industry becomes a resource for another. This approach helps reduce waste, create efficient
production processes and support sustainable development. Waste from the oil and fat industry is a valuable
source of fatty acids for the synthesis of amino derivatives. The use of such waste is not only economically
advantageous, but also helps reduce the burden on the environment. Technologies for processing this waste
allow them to be effectively used as a raw material for the production of high-quality chemical compounds,
which opens up new opportunities for sustainable development and environmentally friendly technologies.

Experimental part

The extraction of fatty acids from the starting fats (lard, chicken fat, linseed oil, etc.) begins with
hydrolysis. This process can be carried out using alkaline solutions such as sodium hydroxide to saponify the
fats and produce fatty acid salts (soaps) [4].

The product of hydrolysis, fatty acids, is then acidified (usually using hydrochloric acid) to release free
fatty acids.

Starting fats and oils:

Vegetable oil (sunflower) - 100 ml.

Palm oil - 100 ml.

Goose fat - 100 g.

Pork fat - 100 g.

Chicken fat - 100 g.

Solutions:

Sodium hydroxide (NaOH) - 10% solution (150 ml for each experiment).

Hydrochloric acid (HCI) — 20% solution (100 ml for each experiment).
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Distilled water (200 ml for washing).

100 g/100 ml of melted fat/plant material were placed in a 500 ml round-bottomed flask. 150 ml of 10%
NaOH solution were added. The mixture was heated at 90°C for 2 hours with constant stirring. After cooling,
the mixture became viscous, a transparent glycerol phase was formed in it.

50 ml of 20% HCI solution were added, and the mixture was stirred at room temperature. Free fatty acids
separated on the surface. Separation was carried out by decantation (Figure 1).

Figure 1— Extraction of fatty acids from feedstock

1. All fats and oils showed a high yield of fatty acids (85-95%), indicating complete conversion of
triglycerides.

2. Flaxseed and vegetable oils showed the simplest processing process and a high degree of purity.

3. Palm oil waste required longer heating, but retained the bright natural color of fatty acids.

4. Chicken fat demonstrated the best yield among animal fats.

Carrying out the synthesis of fatty acid amides

Pure fatty acids and amine are placed in a reactor equipped with a heating, stirring and temperature control
system. The reaction is carried out at a temperature of 100-150 °C depending on the type of amine and acids
used. The temperature regime is selected in such a way as to ensure a high reaction rate, but minimize side
processes, such as acid decomposition. During the reaction, the amine interacts with the carboxyl group of the
fatty acid, forming an amide. (Figure 2)

This reaction can proceed without the use of solvents, or in the presence of a small amount of water or
organic solvent to facilitate mixing and regulate the viscosity of the mixture.
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Figure 2 — Synthesis of fatty acid amides

After the reaction is complete, the mixture is cooled and the target product (fatty acid amide) is separated
from unreacted substances and by-products. Depending on the solubility of the amides and possible impurities,
extraction with organic solvents or washing with water can be used.

Purification can be carried out by vacuum distillation to remove the remaining unreacted acids and
amines, which allows obtaining a pure amide. Vacuum distillation reduces the boiling point of the components,
which minimizes the risk of their decomposition.

Conclusion

The use of waste from oil and fat production as a raw material for the synthesis of amino derivatives of
fatty acids is a promising direction that combines economic benefits and environmental feasibility. In the
context of growing demand for environmentally friendly and sustainable technologies, the processing of by-
products of the oil and fat industry allows reducing waste disposal costs, reducing the burden on the
environment and creating products with high added value.

The use of such waste in the synthesis of amino derivatives of fatty acids contributes to the development
of the concept of a closed-loop economy, in which the waste of one industry becomes a valuable resource for
another. This is especially relevant for Kazakhstan, where the fat and oil industry is one of the significant
sectors of the food industry, and the efficient use of its waste will minimize the negative impact on the
environment and increase the economic efficiency of production. Thus, the processing of fat and oil industry
waste into fatty acid amides is an important step in the development of environmentally friendly technologies
and can become the basis for the creation of new high-tech industries in Kazakhstan [5].
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N.M.Akmanoga, B.B. Mepkymnos, A.. Anmmazos, E.B.Cutaukosa

Maji KbIIIKBIIAAPBI AMUATEPIH CHHTE3/1ey YIIiH MepcneKTUBAJIBIK IMKI3aT peTiHae Mai soHe
Maii eHaipiciHiH KaJabIKTapbI

KazakcTaHHbIH Mali )kKoHE TOH Mail ©HEPKaciOl eMJIiH arpOeHEPKACIIT KEIICHIHE OCIMIIK MalibIH,
TOH Mail XKoHE OHBIMEH OallTaHBICTHI OHIMAEPAl OHAIPYII KaMTaMachl3 €TeTiH MaHBI3/Ibl OPBIH
amagel. JlereHMeH, OV CEKTOP COHBIMEH Karap Mal KbIIIKbUIAAPbIH, CAaOBIH ILIAMBIH,
KaJIZIBIKTap bl ’KoHE 0acKa J1a )kaHaMa eHIMEep/Il Koca alFaH/Ia, eJeyIl KeJeMIerl KaAbIKTap bl
TYABIPAJIBI, OJIap JKHi MaiaJaHbUIMaNi Bl HEMECE KOChIMIIIA KYHBI TOMEH KOJIeTe JKapaThUIa bl
JKaOblk MUK TEXHOJNOTHsIapra >KOHE TaOMFHM pecypcTapabl YTBHIMIABI IaiiiagaHyra
KBI3BIFYIIBUTBIKTBIH aPTYhI KaFIaibIHIa MYHAH KOHE Mail OHJIPiCiHIH KAIJIBIKTAPhl XUMUSIIBIK
CUHTE3 VIIiH WIMKI3aTThIH KYHIBl K631 OoJIbIl TaObUIajbl. ATam aiTKaHa, ojap Mai
KBIIIKBIIIAPBIHBIH aMUATEPiH, OeTTiK-OeJceHai 3aTrap, Mailiay MaTepuaiapbl, MOIUMED
Moan(HUKaTOpIaphl XKoHE OHMOJOTHSUIBIK BIABIPAWTEIH MaTepHANIApAbIH Kypamaac OemikTepi
peTiHAe KONIaHyAbIH KEH ayKbIMbI 0ap KOCBUIBICTAP/IBI OHIIPY YIIiH MaiJaIaHbLTybl MYMKIH.
Byn makanana KazakcTaHHBIH MyHaii )koHE TOH Mali ©HEPKACIOiHIH KaIIbIKTAPbIH Mal KBIITKBLIBI
aMHJTEepiHe OHJCY MEePCIICKTHBANIAPHI KAPACTHIPHLIA/IBL.

Heeizei co30ep: Mali KbIIKBLIBI aMU]T1, OTTiK OeICeH i 3aTTap, OaKTePULIUATIK OSICEHALTIK, Mak
KBIIIKBLIBI, TUETAaHOJIAMHH, Mal KoHe Mail KaJIIbIKTaphl.

N.M.Akmanosa, B.B. Mepkynos, A.l1. Anmazos, E.B.Curaukosa

OTxoambl MaCJ0KHPOBOIo NMPOU3BOACTBA KaK NMEPCNCKTUBHOE CHIPHE 1JI1 CUHTE3a aMU/10B
KUPHBIX KHCJIOT

MacnoxupoBasi IpOMBIIIIIEHHOCTs Ka3axcTana 3aHMMaeT BaXKHOE MECTO B arpOIPOMBIIIIIEHHOM
KOMIUIEKCE CTpaHbl, oOOecreunBas MPOU3BOJICTBO pACTUTENBHBIX Macell, JKUPOB U
COIMYTCTBYIOMIMUX MPOAYKTOB. OHAKO 3TOT CEKTOp TaK)Ke T€HEpUpPYeT 3HAUUTEIbHBIE 00BEMBI
OTXOZ0B, BKIIFOUAs! )KUPHBIE KHCIIOTHI, MBIIbHBIN 11LIaM, OCTATKH U APyTHe NOOOYHbIE IPOIYKTHI,
KOTOPbIE YacTO HE MHCHONB3YITCS WIM YTHWIM3UPYIOTCS C HE3HAYUTENIbHOW 100aBIEHHOMN
CTOUMOCTBIO.

B cBs3u ¢ pacTymuMm HHTEPECOM K TEXHOJIOTHSIM 3aMKHYTOTO LMKIA WU PalMOHAIbHOMY
HCIIONB30BAaHHUIO MPUPOAHBIX PECYPCOB OTXOAbI HeDTH U He(PTeNOOBIYM CTAHOBATCS! LIEHHBIM
WCTOYHUKOM CBIpbSl A1 XMMHUYECKOTO CHHTE3a. B 4acTHOCTH, MX MOXHO HCIIOJIb30BaTh IS
MIOJTy4YEHUs] aMHUJOB JKUPHBIX KHCIOT — COEAMHEHUH C HIMPOKUM CIEKTPOM NPHUMEHEHUs B
Ka4yecTBE IIOBEPXHOCTHO-aKTHBHBIX BEILIECTB, CMAa304HbIX MAaTepUalioB, MOAM(HUKATOPOB
MOJIMMEPOB ¥ KOMIIOHEHTOB OMOpa3iaraeMblX MaTepHaoB.
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B maHHO#W cTaThe paccMaTpUBAIOTCS TEPCIIEKTHUBBI IMEPEepabOTKH OTXOI0B MAcCIOXHPOBOH
NpoMbIIUIEHHOCTH Ka3axcTrana B aMUIbI dKUPHBIX KUCIIOT.

Knroueswle cnosa: aMH bl )KUPHBIX KUCJIOT, TIOBEPXHOCTHO-aKTUBHBIC BEILIECTBA, 6aKTepI/II_II/II[HaH
AKTUBHOCTbD, JXUPHBIC KUCJIOTBI, JUITAHOJIAMUH, OCTATKHA MacCeCJI U JKUPOB.
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